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1. Description

The GDDR6 SGRAM is a high-speed dynamic random-access memory designed for applications requiring high bandwidth.
GDDRG6 devices contain the following number of bits:

16 Gb has 17,179,869,184 bits

The GDDR6 SGRAM's high-speed interface is optimized for point-to-point connections to a host controller. On-die
termination (ODT) is provided for all high-speed interface signals to eliminate the need for termination resistors in the
system.

GDDRG6 uses a 16n prefetch architecture and a DDR interface to achieve high-speed operation. The device’s architecture
consists of two 16 bit wide fully independent channels.

GDDRG6 operates from a differential clock CK_t and CK_c. CK is common to both channels. Command and Address (CA) are
registered at every rising edge of CK and every falling edge of CK. There are both single cycle and multi cycle commands. See
command truth table for details.

GDDR6 uses a free running differential forwarded clock (WCK_t/WCK_c) with both input and output data registered and
driven respectively at both edges of the forwarded WCK. See Clocking section for details.

Read and write accesses to GDDR6 are burst oriented; accesses start at a selected location and consists of a total of sixteen
data words. Accesses begin with the registration of an Activate command, which is then followed by a Read, Write (WOM) or
masked Write (WDM, WSM) command.

The row and bank address to be accessed is registered coincident with the Activate command. The address bits registered
coincident with the Read, Write or masked Write command are used to select the bank and the starting column location for
the burst access.

This specification includes all features and functionality required for GDDR6 SGRAM devices. In many cases the GDDR6
specification describes the behavior of a single channel.
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2.

2.1.

Device Features and Ordering Information

FEATURES

2 separate independent channels with point-to-point interface
for data, address and command

Half CA data rate differential clock inputs CK_t/CK_c for CMD/
ADD (CA) per 2 channels

Four half data rate differential clock inputs WCK_t/WCK_c, each
associated with a data byte (DQ, DBI_n, EDC) in the channel
Double Data Rate (DDR) data (with regards to the WCK)
(D:%Jble Data Rate (DDR) Command Address (with regards to the
16 internal banks

4 bank groups for teep = 3 teg and 4 teg

16n prefetch architecture: 256 bit per array read or write access
per channel

Burst length: 16 only

Programmable READ latency: 9 to 27 tcg

Programmable WRITE latency: 5 to 7 te¢

WRI'kr)E Data mask function via CA bus (single/double byte

mas

(DCaAtaB It;us inversion (DBI) & Command Address bus inversion
Command Address training: command address input monitoring
by DQ/DBI_n/EDC signals

WCK2CK clock training with phase information by EDC signals
Data read and write training via READ FIFO (depth 6)

READ FIFO pattern preload by LDFF command

Direct write data load to READ FIFO by WRTR command
Consecutive read of READ FIFO by RDTR command
Read/Write data transmission integrity secured by cyclic
redundancy check using either a half or full data rate CRC
READ/WRITE EDC on/off mode

Programmable EDC hold pattern for CDR

Programmable CRC READ latency = 1 to 4 tc and CRC WRITE
latency = 10 to 14 tcg

Low Power modes

On-chip temperature sensor with read-out

Auto precharge option for each burst access

Auto refresh & self refresh modes

32ms, auto refresh (16k cycles)

Temperature sensor controlled self refresh rate and Partial Array
Self Refresh

Per-Bank / Per-2-Bank Refresh

Optional digital tgag lockout

On-die termination (ODT)

ODT and output driver strength auto-calibration with external
resistor ZQ

Programmable termination and driver strength offsets (40 ohm
to 60ohm)

IInte:'nal Vrer for data inputs and CA inputs with programmable
evels

Separate internal Vggr for CA (Command / Address) inputs
Vendor ID1 and ID2 for identification

x16/x8 mode configuration set at power-up with EDC
Pseudo-channel mode (PC mode) configuration set at power up
with CA6

1.35V +/- 0.0405V supply for device operation (Vpp)

1.35V +/- 0.0405V supply for I/O interface (Vppq)

1.8 + 0.108V / - 0.054V supply for Vpp

180 ball BGA package with 0.75mm pitch
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2.2. ORDERING INFORMATION

Power Supply
Part No VPP/VDD/VDDQ WCK Frequency Max Data Rate Interface
1.8/1.35/1.35 10.0GHz 20Gbps/pin POD 135
H56G42AS8DX014
1.8/125/1.25 9.0GHz 18Gbps/pin POD 125
1.8/1.20/1.20 8.0GHz 16Gbps/pin POD_125
1.8/1.35/1.35 9.0GHz 18Gbps/pin POD 135
H56G42AS6DX014
1.8/1.25/1.25 8.0GHz 16Gbps/pin POD 125
1.8/1.20/1.20 7.0GHz 14Gbps/pin POD 125
1.8/1.35/1.35 8.0GHz 16Gbps/pin POD 135
H56G42AS4DX014
1.8/1.25/1.25 7.0GHz 14Gbps/pin POD 125
1.8/1.20/1.20 6.0GHz 12Gbps/pin POD_125
1.8/1.35/1.35 7.0GHz 14Gbps/pin POD 135
H56G42AS2DX014
1.8/1.25/1.25 6.0GHz 12Gbps/pin POD 125
1.8/1.20/1.20 5.5GHz 11Gbps/pin POD 125

Notel) Above SKhynix P/N's are Lead-free, RoOHS Compliant and Halogen-free

2.3. DEFINITION OF SIGNAL STATE TERMINOLOGY

GDDR6 SGRAM will be operated in both ODT Enable (terminated) and ODT Disable (unterminated) modes. For highest
data rates it is recommended to operate in the ODT Enable mode. ODT Disable mode is designed to reduce power and
may operate at reduced data rates. There exist situations where ODT Enable mode can not be guaranteed for a short period
of time, i.e., during power up.

Following are four terminologies defined for the state of a device (GDDR6 SGRAM or controller) signal during operation.
The state of the bus will be determined by the combination of the device signal connected to the bus in the system. For
example, in GDDRG6 it is possible for the SGRAM pin to be tristated while the controller signal is HIGH or ODT. In both cases
the bus would be HIGH if the ODT is enabled. For details on the device’s signals and their function see Sections 9.1 and
9.2.

Device pin signal level:

* High: A device pin is driving the Logic “1” state.

e Low: A device pin is driving the Logic “0” state.

e Hi-Z: A device pin is tristate.

* ODT: A device pin terminates with ODT setting, which could be terminating or tristate depending on Mode Register setting.

Bus signal level:

¢ High: One device on bus is High and all other devices on bus are either ODT or Hi-Z. The voltage level on the bus would be nominally VDDQ

* Low: One device on bus is Low and all other devices on bus are either ODT or Hi-Z. The voltage level on the bus would be nominally VOL(DC) if ODT was enabled, or
VSSQ if Hi-Z.

e Hi-Z: All devices on bus are Hi-Z. The voltage level on bus is undefined as the bus is floating.
e ODT: At least one device on bus is ODT and all others are Hi-Z. The voltage level on the bus would be nominally VDDQ.
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2.4. DEFINITION OF CLOCKING TERMINOLOGY

Data refers to the signal being clocked (e.g. DQ by WCK and CA by CK

Half rate: clock is running at half of the data rate (e.g. WCK 4GHz and DQ at 8Gbps, or CK 1GHz and CA at 2Gbps)
Quarter rate: clock is running at a quarter of the data rate (e.g. WCK 2GHz and DQ at 8Gbps)

Eighth rate: clock is running at one eighth of the data rate (e.g. WCK internal 1GHz and DQ at 8Gbps)

DDR (Double Data Rate): complement to half rate, referring to data relative to clock

2.5. CLOCKING
The GDDR6 SGRAM supports DDR operating mode for WCK frequency

Figure 1 illustrates a DDR WCK. Figure 60 illustrates a WRITE command with a DDR WCK clock. Figure 75 illustrates a
READ command with DDR WCK clocking. Other figures in the specification are shown with the DDR WCK unless otherwise
noted.

GDDR6 SGRAM devices can be designed with a WCK/byte. The ball-out has provisions for a WCK/byte.

The DRAM info bits for WCK Granularity, WCK Frequency and Internal WCK can be read by the host during the initialization
process to determine the WCK architecture for the device and for devices that support multiple frequencies, MR2 OP11
allows for the mode to be set. For the frequencies for each mode see Table 69.

In DDR mode the GDDR®6 device operates from a differential clock CK_t and CK_c. Command and Address (CA) are
registered at every rising and falling CK edge. For WCK DDR ratio the GDDR6 device can support either a full data rate EDC
or a half data rate EDC. See EDC section for more details.

A rising CK (or WCK) edge is defined as the crossing of the positive edge of CK_t (or WCK_t) and the negative edge of
CK_c (or WCK_c). A falling CK (or WCK) edge is defined as the crossing of the negative edge of CK_t (or WCK_t) and the
positive edge of CK_c (or WCK_c).

Table 1 — Example Clock and Interface Signal
Frequency Relationship

PIN DDR WCK UNIT
CK_t, CK ¢ 15 GHz
CA 3.0 Gbps/pin
WCK_t, WCK_c 6.0 GHz
DQ, DBI_n 12.0 Gbps/pin
EDC 6.0 12.0 Gbps/pin

Rev 1.1 / Jul.2021 Confidential 6
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2.5 CLOCKING (cont’d)

DDR WCK
e f (i.e. 1.75 GHz)
CK_t
| | | | | | | |
| | | | | | | |
WCK_c A m 'm ' m ‘mn'nmn m r 4 (ie.7.0 GH
WCK_t (i.e. 7. z)
DATA ™ 8f (i.e. 14.0 Gbps)

Figure 1 — GDDR6 Clocking and Interface Relationship
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2.5 CLOCKING (cont’'d)

Controller GDDR6 SGRAM
ADD/CMD centered with CK_t/CK_c ADD/CMD sampled by CK_t/CK_c as DDR
CMD/ADD D Q > F———
CA[9:0]
(3 Gbps)
CK_t/CK_c WCKICK
(1.5 GHz) Alignment
PLL/DLL
Data Tx/Rx
L WCK_t/
WCK_c
(6 GHz) ek To EDC pin
int
FEmEEEEEEEEEEEEEEEEEEd EEEEEEEE (15GH2)
. Clock Phase .
" carly/late Controller .
. .
. . R T
. Phase detector/ " . .
. Phase accumulator G s Q Dle ]
[ X I . DATA - -
. .
N | early/late from " (12 Gbps) . .
L] QDb . . L]
J calibration data . "
. < .
. . . .
[ Receiver [ . "
. clock . . > D Q Dot .
b b . X .
" Clock Phase " [ 1 [
b Controller b . .
. . s s sssssemalsenmmnns
. .
" mm s EEEEEEEEEEE=EEEEEEEEEEEEEEEEEEEEE

For 8 data bits

Figure 2 — Block Diagram of an example clock system
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3. INITIALIZATION

3.1. POWER-UP SEQUENCE

GDDR6 SGRAMs must be powered up and initialized in a predefined manner. Operational procedures other than those
specified may result in undefined operation. The Mode Registers do not have RESET default values, except for CABI, CA
termination, and the EDC hold pattern. If the mode registers are not set during the initialization sequence, it may lead to
unspecified operation.

1) Apply power to VPP. Apply power to VDD at the same time or after power is applied to VPP. Apply power to VDDQ
at the same time or after power is applied to VDD. VPP must be equal to or higher than VDD at all times the device
is powered up except during power-off sequence.Apply Vrerc at same time or after power is applied to Vppq, or
pull VREFC LOW to select internal VREFC'

2) The voltage levels on all signal balls must be less than or equal to Vpp and Vppq on one side and must be larger
than or equal to Vsg on the other side.

3) Assert RESET_n LOW to ensure all drivers are in Hi-Z and all ODT are off. Maintain RESET_n LOW for a minimum
time of tINITl'

4) Set system configuration info at least a time tytg before RESET_n is driven HIGH:

a. Drive CA[5:4]_A and CA[5:4]_B both LOW or HIGH for the
desired CK ODT

b. Drive EDC1_A and EDCO_B both HIGH for x16 mode or LOW for x8 mode

C. Drive CA6_A and CA6_B both HIGH for 2 channel mode or LOW for PC mode

d. Drive CA1_A and CAO_A per Table 3 to select CA bus termination strength for
Channel A.

e. Drive CA3_B and CA2_B per Table 3 to select CA bus termination strength for
Channel B

d. Drive CK_t, WCK_t to static LOW level, and CK_c, WCK_c to static HIGH level.

After meeting targ requirement, drive RESET_n HIGH

5) After RESET_n is pulled HIGH, maintain CA[6:0] and EDC signals stable for a minimum time of tyty.

6) Pull CKE_n LOW after ta1y is satisfied. Assert and hold NOP command. The device performs the initial impedance
calibration during this time; this will be done without external clocks. Latest after tyyrm, the device enables the CK
and CA ODT as determined in steps 5 and 6.

7) Provide a stable CK clock for a minimum of tyyrr3 cycles.

8) Issue MRS command to MR15 to set the device into CA training mode (optional).

9) Complete CA training (optional).

10) Issue MRS command to read the Vendor ID (optional).

11) Issue MRS command to set WCK termination values.

12) Provide stable WCK clocks.

13) Issue MRS commands to the mode registers in any order. Issue MRS commands, to select the position of a
WCK2CK alignment point and WCK ratio, and to set WLmrs, RLmrs, CRCWL, and CRCRL to appropriate values. All
these features must be programmed before WCK2CK training, and tyop must be met during this procedure.

14) Issue two REFab commands followed by NOP until typcyp is satisfied.

15) After any necessary training sequences such as WCK2CK training, READ training (LDFF, RDTR) and WRITE training
(WRTR, RDTR), the device is ready for normal operation.
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3.1 POWER-UP SEQUENCE (cont'd)

Vpp, Vbpo

PP
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RESET_n
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EDCO_B
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Execution of steps
I 9-16 in Power-up I
sequence

tiNrm I tiNr2 I tNiT3 I I

1 1 1 1
Voltages stable

O Don't Care

Pull Vggpe ball to Vgg to select internal Vggpe
Drive CA[5:4] HIGH or LOW to select default CK ODT
Drive CA6 HIGH or LOW to select either 2 channel or PC mode
Drive EDC HIGH or LOW to select x8 or x16 mode
Drive CA[3:2]_B and CA[1:0]_A HIGH or LOW to select default CA ODT

Figure 3 — Power-up Initialization
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3.1 POWER-UP SEQUENCE (cont'd)

Table 2 — Device Initialization Timings

VALUES
PARAMETER SYMBOL UNIT | NOTES
MIN MAX
RESET_n initial LOW time after power-up tINITI 200 - us
Time after RESET_n de-assertion before starting the CK ¢ 1
cock INIT2 - ms
Stable CK clock cycles before issuing valid commands tiNIT3 100 - tck
CA[6:0] and EDC setup time before RESET_n de- ¢ 10 _ ns
assertion ATS
CA[6:0] and EDC hold time after RESET_n de-assertion tATH 10 - ns
RESET_n LOW time with stable power tRES 100 - ns
Temperature sensing time after RESET_n deassertion tvALTEMP 15 ms
Table 3 — CA Termination

CA[3:2] BorCAJ[1:0] A at Termination for Termination with CA6 LOW Termination with CA6 HIGH
RESET_n high transition CA[3:0] for CA[9:4], CABI_n & CKE_n | for CA[9:4], CABI_n & CKE_n

LOW, LOW Disabled Disabled Disabled

LOW, HIGH 60 Ohms 120 Ohms 60 Ohms

HIGH, LOW 120 Ohms 240 Ohms 120 Ohms

HIGH, HIGH Reserved Reserved Reserved

Table 4 — CK Termination

CA5 A CA4 A Default CK Termination
CA5_B CA4_ B Value
LOW X Disabled
HIGH LOW 60 Ohm
HIGH HIGH 120 Ohm
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3.2 INITIALIZATION WITH STABLE POWER (cont'd)

The following sequence is required for reset subsequent to power-up initialization. This requires that the power has been
stable within the specified Vpp and Vppg ranges since power-up initialization (see Figure 4):

1) Assert RESET_n LOW anytime when reset is needed.
2) Hold RESET_n LOW for minimum tges. Assert and hold NOP command.

3) Continue with step 5 of the power-up initialization sequence.

{— Voltages stable
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|
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EDCO_A, EDC1_B T ] I > T T —
| |
WCK_c e e o e e e -
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Execution of steps
I I I 9-16 in Power-up I
i bl il Y P] sequence i |
o Y Lt I X L |
{RES tNrm2 tiNT3
1 1 1 1
Notes:
A.C.=Any Command '
*) Pull Vgyggc ball to Vgg to select internal Vrggpe D Don't Care

**) Drive CA[5:4] HIGH or LOW to select default CK ODT

***) Drive CA6 HIGH or LOW to select either 2 channel or mode

() Drive EDC HIGH or LOW to select x8 or x16 mode

() Drive CA[3:2]_B and CA[1:0]_A HIGH or LOW to select default CA ODT

Figure 4 — Initialization with Stable Power

Rev 1.1 / Jul.2021 Confidential

12



SK%

3.3 VENDOR ID (cont'd)

GDDR6 SGRAMs include a Vendor ID feature that allows the controller to receive information from the device to
differentiate between different vendors and different devices using a software algorithm.

Vendor ID is part of the INFO field of Mode Register 3 (MR3) and is selected by issuing a MODE REGISTER SET command
with MR3 OP[7:6] = 01 for ID1 and MR3 OP[7:6] = 11 for ID2. MR3 OP[11:8] and OP[5:0] are set to the desired values.

When the Vendor ID function is enabled the device information will be transmitted on the DQ bus as shown in Figure 5.
The device will provide the Vendor ID as shown in Table 5 or Table 6 depending on whether ID1 or ID2 is selected. For x8
mode the 16 bits of Vendor ID information comes from 2 devices as only 1 data byte per channel per device is enabled.

Additional information can optionally be provided by the vendor using a vendor specific setting in the Reserved for Vendor
Specific Features MR and will follow the same protocol as vendor ID unless explicitly stated in the vendor data sheet.

The Vendor ID will be driven onto the DQ bus after the MRS command that sets bits OP6 to 1 and OP7 to 0 for ID1 orto 1
for ID2. The DQ bus will be continuously driven until an MRS command sets MR3 OP6 and OP7 back to 0. The DQ bus will
be in ODT state after tyyriporr(max). The code can be sampled by the controller after waiting tyripon(max) and before

twriporr(min). DBI is not enabled or ignored during all Vendor ID operations.

The EDC hold pattern is continuously driven on the EDC signals provided a stable WCK clock is applied.

Table 5 — Vendor ID to DQ Mapping - ID1 (MR3 OP[7:6] = 01)

DQ15_A DQI[14:13] A DQ12_A DQ11_A DQI[10:8]_A DQI7:4]_A DQI3:0]_A
DQ15_B DQI[14:13]_B DQ12_B DQ11_B DQI10:8]_B DQI7:4]_B DQI3:0]_B
WCK WCK . Manufacturers
g/e]g]%%lce)lzlg Frequency Granularity nternal WCK Density Revision ID | Vendor Code
a
see Table 11 see Table 10 see Table 8 see Table 9 see Table 7

The Manufacturers Vendor Code, Revision ID and Density allow the host to differentiate which vendor’s device, the revision
of the device and the density used in the system. Internal WCK tells the host whether to use an invert or quad shift when
programming MR10 OP[7:4]. WCK Granularity and WCK Frequency are used by the host to determine if the device in the
has WCK/byte or WCK/word to allow the device to be properly trained and configured.

Table 6 — Vendor ID to DQ Mapping - ID2 (MR3 OP[7:6] = 11)

DQI15:2]_A DQ1_A DQO0_A
DQI15:2]_B DQ1_B DQO0_B
RFU PRBS Programmable P2BR
(“17) See Table 14 See Table 13

Programmable P2BR allows the host to determine if the device has a register to select between MSB and LSB Don't Care
when using REFp2b commands or the device has just LSB do not care when using REFp2b commands.

PRBS allows the host to determine if the optional PRBS feature in MR12 is supported by the device.
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3.3 VENDOR ID (cont'd)

Table 7 — Manufacturers Vendor Code

DQ3_A DQ2 A DOQ1_A DQO_A
DQ3_B DQ2_B DQ1_B DQO_B Manufacturer's Name
0 1 1 0 SK hynix
Table 8 — Internal WCK
DQ11_A
DO11_B Internal WCK
1 Internal Eighth data rate WCK
Table 9 — Channel Density
DQ10_A DQ9_A DQ8_A q q
ngzB D89:B D88:B Channel (Device) Density
0 1 1 8 Gb (16 Gb)
Table 10 — WCK Granularity
S WCK Granularity
0 WCK/byte
Table 11 — WCK Frequency
DQ14_A DQ13_A
DQ14 B DQ13_B WCK Frequency
0 1 Half data rate WCK

Rev 1.1 / Jul.2021
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3.3 VENDOR ID (cont'd)

Table 12 — VDDQ Off

DQ15_A
DQ15_B VDDQ off
1 Hibernate Self Refresh with VDDQ
off supported

Table 13 — Programmable P2BR

ggg:‘g Programmable P2BR
0 Both LSB (BAQ) and MSB (BA3)
Don’t Care for REFp2b supported
Table 14 — PRBS
DQ1_A
DO1_B PRBS
0 Optional PRBS is supported

l ‘ 1L55

cA EID@I@D@D@III@CI

o 11 j tWRIDON(maX) j > 3 o MtMﬂDOFF(mln) Ons A
DQ | | | | | | | | >‘ | \Vend\or ID\ \< | | | | | | | |
0 et 00N RO RO RO N0V st A0 VO EOD RO RONO
OP = OpC(;de t(; be 1(‘)adec‘1 | | | | | | | | | | | |:| Do;'t Care

Figure 5 — Vendor ID Timing Diagram
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4. ADDRESS

4.1 COMMAND and ADDRESSING

GDDR6 SGRAMs use a double data rate command address scheme to reduce balls required on the device. The command
and address is packetized on the 10 CA signals (CA[9:0]) over either single cycle or multi cycles depending on the
command (see Command Truth Table). For single cycle commands the command and address data is provided to the
device in two parts; the first half is latched on the rising edge of CK; the second half is latched on the falling edge of CK.
An 11th CA signal (CA10) is reserved for higher densities.

GDDR6 addressing is defined for a single channel with devices having 2 channels/device.

Table 15 — Addressing Scheme

16 Gb

Memory Density
17,179,869,184

Device Organization x16 mode x8 mode

Number channels 2

Channel Memory 8 Gb
Density

Channel Density 8,589,934,592

Array Pre-Fetch 256 128
(bits, per channel)

Bank address BA[3:0]
(per channel)

Number Banks 16
(per channel)

Row address R[13:0] R[14:0]
(per channel)

Number of Rows 16,384 32,768
(per channel)

Column address C[6:0] C[6:0]
(per channel)

Page Size 4K 2K
(per channel)

Refresh 16K/32ms

Refresh period 1.9us

NOTE

1. The column address notation for GDDR6 does not include the lower four address bits as the burst order is always fixed for READ
and WRITE commands.

2. Row and column address values on the CA bus that are not used for a particular density must be at valid logic levels.

3. Page Size = 2”~COLBITS * (Prefetch_Size/8) where COLBITS is the number of column address bits.

4. Row address range with R[14:13] = 11 for x8 and R[13:12] = 11 for x16 is not present for 12 Gb density
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4.2 COMMAND ADDRESS BUS INVERSION (CABI)

Command Address Bus Inversion (CABI) reduces the power requirements on Command Address (CA) bus, as the number of CA lines
driving a LOW level can be limited to 5 in 2 channel mode or 7 in PC mode.

The Command Address Bus Inversion function is associated with the electrical signalling on the CA lines between a controller and the
device, regardless of whether the information conveyed on the CA lines is a row or column address, a command, a mode register op-

code, a data mask, or any other pattern.

The CABI_n input is an active LOW double data rate (DDR) signal and sampled by the device at the rising edge of CK and the falling

edge of CK along with the CA inputs.

Once enabled by the corresponding CABI Mode Register bit, the GDDR6 SGRAM will invert the pattern received on the CA inputs in case
CABI_n was sampled LOW, or leave the pattern non-inverted in case CABI_n was sampled HIGH, as shown in Figure 6.

CA

10

CABL n

from Mode Register:

0 = enabled
1 = disabled

Figure 6 — Example of Command Address Bus Inversion Logic

10

The flow diagram in Figure 7 illustrates the CABI operation. The controller decides whether to invert or not invert the data conveyed on

the CA lines. The GDDR6 SGRAM has to perform the reverse operation based on the level of CABI_n. CA input timing parameters are
only valid with CABI being enabled and a maximum of 5 or 7 CA inputs driven LOW depending on the channel configuration.

Data to be sent
Controller @

Determine "0/
count

lfNYesl
CABIL_n="H" CABI_n="L"
Don’t invert Invert

v v
CABLn="H’ CABLn="L’
Don't invert Invert
GDDR6 Data received
SGRAM on CA lines

Note: Figure shown for 2 channel configuration. In PC mode check for ‘0’ count>7

Figure 7 — Command Address Bus Inversion (CABI) Flow Diagram
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4.3 BANK GROUPS

For devices operating at frequencies above a certain threshold (fckgg), the activity within a bank group must be restricted

to ensure proper operation of the device. The 16 banks are divided into four bank groups. The bank groups feature is

controlled by OP[11:10] in Mode Register 3 (MR3). The assignment of the banks to the bank groups is shown in Table 16.

Table 16 — Bank Groups

Addressing 8 Gb - 16 Gb
Bank
BA3 BA2 BA1 BAO 16 banks
0 0 0 0 0
1 0 0 0 1
Group A
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
Group B
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
Group C
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
Group D
14 1 1 1 0
15 1 1 1 1

These bank groups allow the specification of different command delay parameters depending on whether back-to-back

accesses are to banks within one bank group or across bank groups as shown in Table 17.

Table 17 — Command Sequences Affected by Bank Groups

Corresponding AC Timing Parameter

Bank Groups Enabled
Command Sequence Bank Groups Notes
Disabled Accesses to a different | Accesses within the same
bank group bank group
ACTIVATE to ACTIVATE tRRDS tRRDS tRRDL
WRITE to WRITE tCCDS tCCDS tCCDL
READ to READ tCCDS tCCDS tCCDL
Internal WRITE to READ tWTRS tWTRS tWTRL
READ to PRECHARGE tRTPS trRTPS tRTPL 1

NOTE 1: Parameters trrps and tryp apply only when READ and PRECHARGE go to the same bank; use tryps When BG are
disabled, and tgrp. When BG are enabled.
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4.3 BANK GROUPS (cont'd)

Figure 8 shows back-to-back column accesses based on tecp, and teepg parameters.

Example 1 (Bank Groups disabled): tccps =2 * tck

TO T2 T4 Te T8 Ti10 Ti2 Ti4 Tie Ti18 T20 T22 T24 T26

CK
s OO 0O o0 & &0
DQ

Example 2: (Bank Groups enabled): tccpp, =4 * tok

TO T2 T4 Te T8 Ti10 Ti2 Ti4 Tie T18 T20 T22 T24 T26

CK
DQ [..A0,] Lo AL A2 L AL

Example 3: (Bank Groups enabled): tccpg =2 * tck

TO T2 T4 Te T8 Ti10 Ti2 Ti4 Tie Ti18 T20 T22 T24 T26

Cpiipiniipliniingiiniininiininininiinl

CAS[A0| [Bo] [A1] [B1] C0 DO C1

NOTE 1 Column accesses (CAS commands) are to open banks, and tgcp has been met.
NOTE 2 RL =0 assumed for illustration purposes
NOTE 3 Ax, Bx, Cx, Dx: accesses to bank groups A, B, C or D, respectively

NOTE 4 With bank groups enabled, tccpy is 3 tog or 4 tcg, as programmed in MR3.

Figure 8 — tCCDS and tCCDL
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5. TRAINING

5.1 INTERFACE TRAINING SEQUENCE

Due to the high data rates of GDDRS, it is recommended that the interfaces be trained to operate with the optimal timings.
GDDR6 SGRAM has features defined which allow for complete and efficient training of the I/O interface without the use of
the device’s memory array. The interface trainings are required for normal DRAM functionality unless deemed optional by
the DRAM vendor or unless running in lower frequency modes as described in the low frequency section. Interface timings
will only be guaranteed after all required trainings have been executed.

A recommended order of training sequences has been chosen based on the following criteria:

The Command Address (CA) training must be done first to allow full access to the Mode Registers. (MR15 for CA training is
a special single data rate mode register guaranteed to work without training). CA input timing shall function without
training as long as tag/y are met.

WCK2CK training should be done before read training because a shift in WCK relative to CK will cause a shift in all READ
timings relative to CK.

READ training should be done before WRITE training because optimal WRITE training depends on correct READ data. As
part of WRITE training, the host not only has the ability to find the data-eye optimal position in the horizontal direction but
also the ability to adjust VREFD levels using the mode registers to find the data-eye optimal position in the vertical
direction.

Initialization

¢

Command Address Training (optional)

¢

WCK2CK Alignment Training

¢

READ Training

¢

WRITE Training

#

Start Normal Operation

Figure 9 — Interface Training Sequence
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5.2 COMMAND ADDRESS TRAINING

GDDR6 SGRAMs provide a means for Command Address (CA) bus interface training. The controller may use the CA
training mode to improve the timing margins on the CA bus.

CA training mode is entered via the CADT bits in Mode Register 15 (MR15). Even though CA9 and CA8 are sampled on both
rising and falling edge of CK, the command encoding allows relaxed timing to guarantee the setup and hold times can be
met even though the CA bus timing has not yet been trained. When issuing an MRS command the increase in the CA8
timing around the rising edge of clock will lead to one of three different NOP encodings depending on the value on CA8
during the falling edges on either side of the clock rising edge. All NOPs are treated equally.

CA training mode uses an internal bridge between the device's CA inputs and DQ/DBI_n/EDC outputs. It also uses a special
COMMAND ADDRESS TRAINING CAPTURE (CAT) command that is encoded using the SDR pin CKE_n. Once the device is
placed into CA training mode, the only commands that can be interpreted use CKE_n = HIGH and are the CAT command,
a CA training mapping change or CA training exit. When CKE_n = LOW, the CA inputs are do not care, no command is
decoded and thus will be treated as a NOP. Once the CA training mode has been entered and tygp has been met, the CA
values registered coincident with the CAT command will be transmitted to the controller on DQ/DBI_n/EDC. The controller
is then expected to compare the CA pattern received to the expected value and to adjust the CA transmit timing
accordingly. The procedure may be repeated using different CA patterns and interface timings. No WCK clock is required
for this special CA training mode. The latched CA values are driven out asynchronously.

The CABI_n signal can be trained directly by using MR15 OP[3:2] = 11 or indirectly as part of a pass with MR15 OP[3:2] =
10 or 01 by enabling the CABI in MR1 OP10. When enabled by the CABI bit in Mode Register 1, command address bus
inversion (CABI) is effective during CA training mode. It is suggested to train CABI_n’s interface timing together with the
other CA lines. CABI is enabled by default on power up or subsequent reset. If CABI is disabled, CABI_n (input) is ignored
and CABI_n (output) is undefined during CA training.

CA training uses multiple passes to train all the CA signals for the rising and falling CK edge setup and hold times. Table 19
defines the correspondence between CA bits and DQ/DBI_n/EDC for all three passes.

When in CA training mode, two cycles of CKE_n = HIGH allows either the change of the mapping while in CA training mode
or the exit of CA training mode. The first cycle of CKE_n = HIGH will be interpreted as a CAT command. In the case of a CA
training exit, the first cycle of CKE_n = HIGH will be treated as a dummy CAT command as the CA training exit may disable
the outputs before the pattern sent to the CA inputs is output on the data bus as typz; may be shorter than typr and should
not be considered a valid training result. The second cycle will be interpreted as either an exit if MR15 OP[3:2] = 00 or a
change to the mapping. While in CA training mode, tag/tay must be met for the second cycle of CKE_n = HIGH.

Devices configured to x8 mode reflect the CA on the one byte being enabled in that mode, specifically byte 0 in Channel A
and byte 1 in Channel B. Devices configured to x16 mode reflect the CA on the same DQ as in x8 mode; in addition they
are allowed but not required to reflect the CA on those bytes that are disabled in x8 mode, specifically byte 1 in Channel A
and byte 0 in Channel B, thus reflecting each CA twice.

The timing diagram in Figure 10 illustrates the typical command sequence in CA training mode. The DQ/DBI_n/EDC output
drivers are enabled as long as the CADT bits are set to either 01, 10 or 11. The minimum spacing between consecutive CAT
commands is 2 tck, The minimum spacing between consecutive CA training passes is tyop as shown in Figure 10. tyop is

also to be met before the next valid command after the CA training exit.
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5.2 COMMAND ADDRESS TRAINING (cont'd)

CK_c
CK_t

CKEn ‘ / cat \ | / CAT \ CAT CADT | | |
4 i )
CAbl C 0 Xe)
)c; mlamm@- 388 DDC@DDDDDEDCDD
CA[74]
CA[10]
DQ @ {@ @
DBLn ’\ a & Q X CAx X CAyzz X CAz @
EDC | » > »

NOTE1 CAT command encoding: CKE_n=H, CA[9:0]=V. A.C. = Any Valid Command
NOTE2 CA inputs are sampled on rising edge of CK and/or falling edge of CK depending on MR15 OP [3:2]. OP3=0, OP2=1 mapping is shown as an example
NOTE3 DQs/DBI_n/EDC are enabled when CADT bits in Mode Register 15 set to 01, 10 or 11 (Enter Command Address Training Mode)

DQs/DBI_n/EDC are disabled after topz when CADT is exited (CKE_n = H for 2 cycles and MR15 OP([3:2] = 00 on the second cycle)

NOTE4 During CA training the CAT is the only valid command with other commands not decoded and thus treated as a NOP

NOTES5 The initial MRS command to MR15 to enter CA training is shown as DDR, however as timing cannot be guaranteed the command supports relaxed setup and hold timing
around the rising edge of CK. If two back-to-back MR15 MRS commands are issued or seen by the DRAM than only the first will be registered. The same two back-to-back

MR15 MRS commands are supported at a CA training pass change or at CA training exit.
NOTE 6 Figure shown with CABI enabled. CABL n is Don’t Care if CABI is disabled.

Figure 10 — Command Address Training Timing - Single Pass

D Don't Care

Table 18 — AC timings in Command Address Training Mode

Parameter Symbol Min Max Unit
CAT command to data out delay tADR 0 vendor specific ns
CADT off to DQ/DBI_n in ODT state delay taDz - vendor specific ns

Command Address Training with Self Refresh (CADT Self Refresh)

GDDR6 DRAMs support the ability to enable an active Self Refresh mode, here in after CADT Self Refresh mode, to
maintain the DRAM contents and enable the required receivers and transmitter that are normally powered down in Self
Refresh mode to allow the CA bus to be trained. To enable CADT Self Refresh mode, the CADT SRF register (MR2 OP10)
should be set to 1 prior to entering CA training mode with MR15 OP[3:2]. By default CADT Self Refresh will not be enabled
when CA training mode is entered. Once the CADT SRF register is set to 1 when MR15 OP[3:2] is set to something other
than 00 to enter CA training mode, the DRAM will also enter CADT Self Refresh mode. CA training with Self Refresh does
not support Hibernate nor VDDQ off modes and therefore those two Mode Registers are ignored when entering CADT Self

Refresh mode.
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5.2 COMMAND ADDRESS TRAINING (cont'd)

CA Training in Self Refresh works exactly the same as in normal CA training with the exception of exit from CA Training.
When CA training mode is exited with two cycles of CKE_n = HIGH and MR15 OP[3:2] = 00 then the device will also exit
CADT Self Refresh. After the device has exited CA training with Self Refresh,tys is required to be met before another valid

command as shown in Figure 11.

If multi pass training is planned, the two cycles of CKE_n = HIGH and MR15 OP[3:2] = 01, 10 or 11 will leave the DRAM in
the CADT Self Refresh state and change the mapping allowing an additional pass after tygp is met. The current
consumption in CADT Self Refresh mode will be higher than in actual Self Refresh mode because the CK clock, CA and data
interface is kept in an active state during CA training.

CA Training without Self Refresh (CADT Mode)

tMoDp tmop
CA Training Pass1 —————®| CA Training Pass2 ————®| Valid Command

CA Training with Self Refresh (CADT Self Refresh Mode)

tMop txs
CA Training Pass1 ———————®| CA Training Pass2 ————®=| Valid Command

Figure 11 — Multi pass CA Training Timings

An example of one use of CA Training is shown in Figure 12 and Figure 13. The first figure shows an example that sets the
CADT SREF register bit in low frequency where CA bus timing is assumed to be met without prior training. The frequency is
changed to a higher frequency using Self Refresh and then at the higher frequency two passes of CA training before the
exit of CA Training and CADT Self Refresh. The second figure shows the same example CADT sequence without CADT Self
Refresh.
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5.2 COMMAND ADDRESS TRAINING (cont'd)

CADT Self Refresh CADT SRX
State | Idle Self Refresh Idle I Idle
CA training DQ Mapping #1 CA training DQ Mapping #2 CA Er;l?mg
D D D D
° o |wu o o |wu
clilc|t|c|k clflc|t|c|k
CA™? | MRS SRE | NOP srX Nop | MRS NOP | 4 A AlS| Dont | A A AlS|Nop | valid
T{C|T|C|T Care T{C|T|C|T
a a 3 a a *3
r r r r
e e e e
tMoD —p txs —p  tMoD —p tMoD —p txs —p
CKE_n
Low Low toHigh Mapping #1 Mapping #2 OPr3=0,
Frequency: Frequency For example For example Oor2=0
change OP3=0, OPr3=1,

Set MRS for OP2=1 OP2=0

high frequency

includin

CADT SRF

(MR2, OP10-1)

Notes:

1) CA training using 2 passes while in Self Refresh is shown as an example.

2) See command truth table for detailed encoding of the Commands shown on the CA bus

3) The second cycle of CKE_n = H signals the DRAM of a mapping change or CA training exit depending on the value of MR15 OP[3:2]. Two back-to-back MR15 MRS commands are
supported at CA training entry, pass change or exit as timing cannot be guaranteed.

Figure 12 — Example of CADT Self Refresh - Multi pass

State Idle Self Refresh Idle CA training DQ Mapping #1 CA training DQ Mapping #2 gﬁttraining Idle
D D D D
o o o o
C T C T C 1\1{[ C v C v C 1}{4
. t t t t
CA? | MRS SRE | NOP srx Nop | MRS NOP | x A A3l ot | A A Al S |Nop | vaid
T|C|T|C|T Core T|C|T|C|T
a a *3 are a a *3
r r r r
e e e e
tMOD —p txs —p  tMoD —p tMOD —p txs —
CKE_n
Low Low toHigh Mapping #1 Mapping #2 OP3=0,
Frequency: Frequency For example For example OoPr2=0
change OP3=0, OP3=1,
Set MRS for OP2=1 OP2=0
high frequency
Notes:

1) CA training using 2 passes with a frequency change is shown as an example.

2) See command truth table for detailed encoding of the Commands shown on the CA bus

3) The second cycle of CKE_n = H signals the DRAM of a mapping change or CA training exit depending on the value of MR15 OP[3:2]. Two back-to-back MR15 MRS commands are
supported at CA training entry, pass change or exit as timing cannot be guaranteed.

Figure 13 — Example of CA Training - Multi pass
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5.2 COMMAND ADDRESS TRAINING (cont'd)

Table 19 — CA to Data Mapping in CA Training Mode

MR15 OP3=00P2=1
Output CA inputs registered at rising edge of CK
CA9 CAS8 CA7 CA6 CA5 CA4 CA3 CA2 CA1l CA0
CHA | EDCO | DBIO.n | DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO
CHB EDC1 | DBIl_n | DQI15 DQ14 DQ13 DQ12 DQ11 DQI10 DQ9 DQ8
MR15 OP3 =1 0OP2=0
Output CA inputs registered at falling edge of CK
CA9 CA8 CA7 CA6 CA5 CA4 CA3 CA2 CA1 CAO0
CHA EDCO DBIO_n DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO
CHB EDC1 DBI1_n DQ15 DQ14 DQ13 DQ12 DQ11 DQ10 DQ9 DQ8
MR15 OP3=10P2=1
CA inputs registered at rising edge of CK
Output
CABI_n
CHA DQ7
CHB DQ15
CA inputs registered at falling edge of CK
Output
CABI_n
CHA DQ5
CHB DQ13
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5.3 WCK2CK TRAINING

The purpose of WCK2CK training is to align the DATA WCK clock with the COMMAND and ADDRESS (CA) CK clock to aid in
the device’s internal data synchronization between the logic clocked by CK and WCK. This will help to define both READ
and WRITE latencies between the GDDR6 SGRAM and memory controller. WCK2CK training mode is controlled via MRS.
The host can read the Vendor ID for info on the WCK characteristics such as WCK Granularity, WCK Frequency and the
Internal WCK architecture to ensure the DRAM is configured properly.

Before starting WCK2CK training, the following conditions must be met:

® (K clock is stable and toggling

® The timing of all CA signals must be guaranteed

® The desired WCK2CK alignment point (MR7, OP0) and WCK Ratio (MR10 OP9) are selected.

® 2 Mode Register bits for internal WCK Inversion / Quad Shift (MR10, bits OP[7:4]) must be set to a known state
All banks are idle and no other command execution is in progress

WCK2CK training must be done after any of the following:

® Device initialization

® Any RLmrs, WLmrs, CRCRL or CRCWL latency change

® CK and WCK frequency changes

® Change of the WCK2CK alignment point (MR7 OP0) or WCK Ratio (MR2 OP11)
® Self Refresh exit or exit from Power-Down when LP2 (OP1 in MR5) is set

Figure 14 and Figure 15 show example WCK2CK training sequences. WCK2CK training is entered via MRS by setting OP8 in
MR10. This will initiate the WCK divider circuits associated with WCKO and WCK1 clocks in the case of WCK/byte or WCKO
in the case of WCK/word. In case the divider circuits on each byte of the channel are not in phase, which is indicated by
opposite or multiple U.I. Offset “early/late” phases on the EDC signals, they may be put into phase by using the WCK INV/
Quad shift MR bits to either invert the internal WCK (2UI shift if using internal quarter-rate WCK, 4UI shift if using internal
eight-rate WCK) or Quad shift the internal WCK (2UI shift if using internals eighth-rate WCK, not valid with internal
quarter-rate WCK). Alternatively, the WCK clocks may be put into a stable inactive state for this initialization event to aid in
resetting all dividers to the same output phase as shown in Figure 15. The host is required to restart the WCK clocks in a
way that all clock edges meet the WCK clock input specification. Otherwise, the WCK divider circuits for both WCKO0 (and
WCK1 if WCK/byte) might again have opposite alignment (Internal Quarter data rate) or out of phase alignment (internal
eighth data rate). The use of this WCK2CK training method is restricted to operating frequencies up to fyycxstop. Figure 17
illustrates the difference between a device that uses an internal quarter data rate and a device that uses a internal eighth
data rate for the internal WCK divider circuit.

Figure 16 illustrate how the WCK phase information is derived. The phase detectors (PD) sample the internally divided
WOCK clocks. Only one sample point is shown in the figure for clarity. In reality, when WCK2CK training mode is enabled, a
sample will occur every te and will be translated to the EDC signals accordingly. If the divided WCK clock arrives early,
then the EDC pin outputs a HIGH during the time interval specified in Figure 16. If the divided WCK clock arrives late, then
the EDC pin outputs a LOW during the time interval specified in Figure 16. This is shown in Table 20. Finally, if the divided
WCK and CK clocks are perfectly aligned at the PD, the EDC signals are indeterminate. For a GDDR6 device with WCK /
word the phase information is returned on both EDCO and EDC1 in x16 mode and on the enabled byte in x8 mode.
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5.3 WCK2CK TRAINING (cont'd)

(.

CK_t \,
CK_c /

CA

WCK_t
WCK_c WU UL

T ! I

Enter WCK2CK Training Start WCK2CK PLL/DLL Reset Exit WCK2CK Training
Phase Search (PLL/DLL on only) (sets data synchronizers,
rests FIFO pointers)

Figure 14 — Example WCK2CK Training Sequence

Enter WCK2CK WCK Start WCK2CK PLL/DLL Reset Exit WCK2CK
Training by MRS Restart Phase Search (PLL/DLL on only) Training by MRS
(resets WCK divider

. (Set data synchronizers,
clrcuits) resets FIFO pointers)

Figure 15 — Example WCK2CK Training Sequence with WCK Stopping

CK i

WCK I
(internal) v

4» twekack

Q@ Early EDC W //(// W / /\/ WCK Early W //// W / %

; . H > twckopH

WCK ' / !
(internal) ' . '

=+ twekeck

@) Late EDC 7 /}// W / %\ WeKLae WK N5 )

, H > twekopH
Lo

ey N4 N\
o e T T )

I [

! H—=> twckepn
I oo

.

Note Example shows an internal eighth data rate WCK.

Figure 16 — EDC pin Behavior for WCK2CK Training with Internal WCK
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5.3 WCK2CK TRAINING (cont'd)

o« [ [
S AVAVAVAVAVAVAVAVAVAVAVA

. 4
Internal Eighth data rate WCK G
External Half data rate WCK divide-by-4 (shown)

or Extornal Quarter data rate WCK divide-by2 W CKO. _/_\_/_\_/_\—
weor [ L[ L[ L
wao [ [ [
weko [ L[

Note 1 External Quarter data rate WCK divide-by-4 is not a valid architecture for a WCK Divider.
Note 2 WCKO° represents the possible positions of the internal divided WCK clock.

Figure 17 — Internal WCK Divider Circuit

Table 20 — Phase Detector and EDC behavior

Internal Quarter data rate or Internal .

Eighth data rate value sampled by CK WHELAE IS LGRS geon
"HIGH’ “Early’ HIGH Increase Delay on WCK
"LOW’ ‘Late’ LOW Decrease Delay on WCK

The ideal alignment is indicated by the phase detector output transitioning from “early” to “late” when the delay of the

WCK phase is continuously increased. The WCK phase range for ideal alignment is specified by the parameter tyckackpin
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5.3 WCK2CK TRAINING (cont'd)

WCK2CK training is exited via MRS by resetting OP8 in MR10. For proper reset of the data synchronizers it is required that
the WCK and CK clocks are aligned within tyckacksync at the time of the WCK2CK training exit.

After exiting WCK2CK training mode, the WCK phase is allowed to further drift from the ideal alignment point by a
maximum of tyckock (€.9., due to voltage and temperature variation). Once this WCK phase drift exceeds tyckack(min) or

twekack(max), it is required to repeat the WCK2CK training and realign the clocks. The values of tyckock @and twekacksyne
may vary with the WCK ratio as defined in the AC timing table.

WCK2CK alignment at PIN Mode (optional)

The WCK and CK phase alignment point can be changed via MRS by setting OP0 in MR7. In normal mode, when MR7 OP0O
is set to '0’, the phases of CK and WCK are aligned at the phase detector. On the other hand, when MR7 OPO is set to ‘1,
the phases of CK and WCK are aligned at the balls as shown in Figure 19. PIN mode is supported up to the max CK clock
frequency of fckprn, @and is an option to reduce the time of WCK2CK training at low frequency.

Internal WCK Divider
—o—
WCK—t ——)HIn Out Phase
WCK_¢ Co— Detector
CK_t Co—
CK ¢ — Internal CK
EDC <
Figure 18 — Normal Mode
Internal WCK Divider
D
WCK _t
- > IN OouT Phase
WCK_C Detector
CK_ t ——
CK ¢ — Internal CK

EDC <

Figure 19 — Pin Mode (optional)
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5.3 WCK2CK TRAINING (cont'd)

WCK2CK Auto Synchronization

When WCK2CK automatic synchronization mode is enabled using MR7 OP4, WCK2CK training can be limited to meeting the
twekacksyne specification and issuing two WCK2CK MRS for WCK 2CK training entry and exit. The use of WCK2CK

automatic synchronization mode is restricted to operating frequencies up to fckautosync @s described in vendor's
datasheets and works for both normal and PIN mode.

Table 21 describes WCK2CK training methods for different frequency ranges. Each Frequency range is vendor specific.
Normal and PIN mode of WCK2CK training are described in Table 21. Each frequency range is DRAM vendor specific.
Divider initialization can be done by training with WCK2CK inversion, WCK2CK stopping, or WCK2CK auto-sync. If the user
wants to use WCK2CK stop for divider initialization instead of WCK2CK auto-sync, the user must not set the WCK2CK auto-
sync. Below middle frequency, the combined use of PIN and WCK2CK auto-sync modes can minimize WCK2CK training
time.

Table 21 — An example of WCK2CK training simplified for Normal mode and PIN mode

High Frequency Middle Frequency Low Frequency
(i.e., 12 Gbps) (i.e., 4 Gbps) (i.e., 800 Mbps)
Frequency (Vendor Specific)
WCK2CK alignment mode Normal PIN Normal PIN Normal PIN
Phase Search Required Required Required No* No* No*

* NOTE The divided WCK_t/WCK_c should be aligned CK_t/CK_c by WCK2CK Auto Synchronization or WCK stop mode

The following examples describe the WCK2CK training in more detail.

Example 1: outline of a basic WCK2CK training sequence without WCK clock stop:

1) Enable training mode via MRS and wait tygop

2) Sweep and observe the phase independently for WCKO on EDC0O and WCK1 on EDC1; in case the internal divider
circuits are at opposite phase use either the WCK inversion / quad shift bits to flip/shift one of the WCK divider
circuits

3) Adjust the WCK phase independently for WCKO and WCK1 or WCKO for WCK/word to the optimal point (“ideal
alignment”)

4) Issue a PLL/DLL reset and wait for t, ¢ (PLL/DLL on mode only)

5) While all WCK and CK are aligned, exit WCK2CK training mode via MRS

6) Wait tygp for the reset of data synchronizers

Example 2: outline of a basic WCK2CK training sequence with WCK clock stop:

1) Stop WCK clocks with WCKO_t/WCK1_t LOW and WCKO_c/WCK1_c HIGH

2) Wait tycxomrs for internal WCK clocks to settle

3) Enable training mode via MRS and wait tyrstwick for divider circuits to reset

4) Start WCK clocks without glitches (divider circuits remain in sync)

5) Wait tycxoTr for internal WCK clocks to stabilize

6) Sweep and observe the phase independently for WCKO on EDC0O and WCK1 on EDC1 or WCKO for WCK/word ;
adjust the WCK phase to the optimal point (“ideal alignment”)

7) Issue a PLL/DLL reset and wait t, x (PLL/DLL on mode only)

8) While all WCK and CK are aligned, exit WCK2CK training mode via MRS

9) Wait tygp for the reset of data synchronizers

Rev 1.1 / Jul.2021

Confidential 30



SK%

5.3 WCK2CK TRAINING (cont'd)

Example 3: WCK2CK training sequence for configurations with 2 devices sharing their WCK clocks:

1) Enable training mode for both DRAMs via MRS and wait tyop

2) For both DRAMs sweep and observe the phase independently for WCKO on EDCO and WCK1 on EDC1; in case the
internal divider circuits are at opposite phases use either the WCK inversion / quad shift bits to flip/shift one of the
WCK divider circuits; use MREA and MREB bits in MR15 (soft chip select) to explicitly direct the MRS command for
this operation to one of the two devices.

3) Sweep and observe the phase on the first device; store the setting for the optimal WCK phase.

4) Sweep and observe the phase on the second device; store the setting for the optimal WCK phase.

5 Sweep WCK phase to the midpoint of both device’s optimal settings

6) Issue a PLL/DLL reset and wait for t; ¢ (PLL/DLL on mode only)

7) While all WCK and CK are aligned, exit WCK2CK training mode via MRS

8) Wait tygp for the reset of data synchronizers

READ and WRITE latency timings are defined relative to CK. Any offset in WCK and CK at the balls and/or the phase
detector will be reflected in the latency timings. The parameters used to define the relationship between WCK and CK are
shown in Figure 20. For more details on the impact on READ and WRITE timings see the OPERATIONS section.
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5.3 WCK2CK TRAINING (cont'd)

| tCK |
< >
la ten »l toL g
L | L

i

«Q
CK_C - —
CK_t 4 — - - — ‘
Case 1: Negative tWCKZCKPIN; tWCKZCK =0 (1deal WCK2CK alignment)

twekn twekL - tyex .
WCK_c - ~ ~ TWEKZCKPINﬁ - ~ -
WCK t _/L J\ /L J\ /L J\ /L J\ /L J\
_ | \ | | ‘

Case 2: Negative tWCKZCKPIN; negative tWCKZCK
WCK « —P{ twekackpIN * twekack
_C T — — T\ /AR
Case 3: Positive tWCKZCKPIN; tWCKZCK =0 (1deal WCK2CK alignment)

't
W CK_C - WCK2CKPIN

WCK_t SN ;J\ﬁ jw _/ U

Case 4: Positive tWCKZCKPIN; positive tWCKZCK ‘

‘4—N twekackPIN + twekack

o NN TN

Note: tywckockpin and twekock parameter values could be negative or positive numbers, depending on the selected

WCK2CK alignment point, PLL-on-or PLL-off mode operation and design implementation. They also vary across
PVT. WCK2CK training is required to determine the correct WCK-to-CK phase for stable device operation.

Figure 21 — WCK2CK Timings for WCK DDR Ratio
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5.4 READ TRAINING

Read training allows the memory controller to find the data-eye optimal position (symbol training) and burst frame location
(frame training) for each high-speed output of the device. Each pin (DQ[15:0], DBI[1:0]_n, EDC[1:0]) can be individually

trained during this sequence.

For Read Training the following conditions must be true:

® at least one bank is active, or a REFab must be in progress and OP2 in Mode Register 5 (MR5) is set to 0 to allow training during a
REFab (to disable this special refresh enabling of the WCK clock tree an ACT command must be issued, or the device must be set

into power-down or self refresh mode)
® WCK2CK training must be complete
® the PLL/DLL must be locked, if enabled

® RDBI and WDBI must be enabled prior to and during Read Training if the training shall include DBI_n. RDCRC and WRCRC must be
enabled prior to and during Read Training if the training shall include the EDC signals.

The following commands are associated with Read Training:

® | DFF to preload the Read FIFO;

® RDTR to read a burst of data directly out of the Read FIFO.
Neither LDFF nor RDTR access the memory core. No MRS is required to enter Read Training.

Figure 22 shows an example of the internal data paths used with LDFF and RDTR. Table 22 lists AC timing parameters

associated with Read Training.

Table 22 — LDFF and RDTR TIMINGS
VALUES
PARAMETER SYMBOL UNIT | NOTES
MIN MAX

ACTIVATE to LDFF command delay tRCDLTR - ns

ACTIVATE to RDTR command delay tRCDRTR 18 - ns

REFab to RDTR or WRTR command delay tREFTR 19 - ns

RDTR to RDTR command delay tceps 2 - tck 2
LDFF to LDFF command cycle time tLTLTR 4 - tck

LDEFF15 to RDTR command delay tLTRTR 4 - tck

READ or RDTR to LDFF command delay tRDTLT RL+CRCRL+4tCK - tck

Note 2: Use tcepg for gapless consecutive RDTR commands regardless whether Bank Groups is enabled or not.
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5.4 READ TRAINING (cont'd)

e.g., 750 Mbps
RX 1:16 D! e
Serial to Parallel P
Converter

WRTR strobe
(CK domain) WRTR
DQ/DBI FIFO: 6 x 144 bits Mg DRAM
DQI7:0] = C ore
DBI0_n e.g., 12 Gbps
0 710 7H
] M
Parallel to Serial u U DBI 128
Converter | |
X 16:1 -
M ] WRTR
750 Mbps | LDEF
p4 71j64] 71
0?1‘2345 071T2345 i
RDTR strobe output input U WRTR strobe
(WCK domain) pointer pointer

X LDFF strobe

EDC FIFO: 6 x 16 bits

<oz

Parallel to Serial
Converter

V4 { DEMUX
EDCO X 16:1 16 o|1 3|4l56]7 |8 |ofopi1fi2hafi4hs LDFF BAO-BA3
0{1{2(3]4|5 0]1/2(3]4|5 M CRC strob
5 strobe
RDTR strobe AP U Address
(WCK domain) PO ROmE X LDFF15 strobe Path

>

CA[9:0] RX

- Data path used with LDFF
@B Data path used with WRTR

SN D:ta path used with LDFF/WRTR
- Data path used with RDTR

Note: Data paths shown for 1 of 2 bytes (byte 0 Channel A)

Figure 22 — Data Paths used for Read and Write Training

LDFF Command

The LDFF command (Figure 23) is used to securely load data to the device’s Read FIFOs via the CA bus. The READ FIFO has a fixed
depth of 6 bursts and thus can store a 6 x 16 = 96 U.I. long bit pattern uniquely to every DQ, DBI_n and EDC pin within a byte.

Sixteen LDFF commands are required to fill one FIFO stage; each LDFF command loads one burst position, and B[3:0] conveyed on
CA[7:4] select the burst position from 0 to 15.

The data pattern D[9:0] for DQ[7:0], DBIO_n, and EDCO is conveyed on CA[5:0]; the data are internally replicated to both bytes in a
channel, as shown in Figure 24.

LDFF loads the DBI FIFO when WDBI and RDBI are enabled in the Mode Register. It also loads the EDC FIFO regardless of the WRCRC
and RDCRC Mode Register bits, and no CRC is calculated; however, RDBI and RDCRC must be enabled to read the DBI and EDC bits,
respectively, with the RDTR command.

If the EDC Mode is set to Half data rate in MR2 OP8, pattern for the EDC pin provided with the LDFF command must be the same for the
even and next odd burst position (e.g. burst positions 0-1, 2-3, ... , 14-15). If retrieved the EDC FIFO using the RDTR command, such a
pattern will appear as a half data rate.
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5.4 READ TRAINING (cont'd)

LDFF Command

CK_t -

CAO0
CAl
CA2
CA3
CA4
CA5
CAb6
CA7
CAS8
CA9

CA[5:4]

B = Burst Position
D = Data Pattern

[ ] poNTCARE

0
capor TOXOXTXD)

Figure 23 — LDFF Command

CA-to-DQ Mapping
Byte 0 Byte 1
[ D0 ] [DQO [ DQ8 |

1 FIFO STAGE =1 BURST

012345678 9101112131415

D0 | D4 —>

B [ D1] [ DQIL | DQI |
D7 % —»{ D2 [ DQ2 | DQI0 |
BO | D8

50 D3| [ DQ3 | DQI1 |
B2 FL

8 | D4 ] [ DQ4 [DQ12]
H - ‘H-

] (D5 ] [ DQ5 [ DQI3]

[D6 | [ DQ6 [DQ14]

| D7 | [ DQ7 | DQIS5 |

| D8 | [DBI0_n| DBII_n|

R \D9HEDCOHEDC1\

N Burst Position -

s " 011121314|5|6|7[8[9(10[11[12[13[14[15

Y . BO | [of1{of1{of1{Of1|{Of1|{Of1[O|1[O0O]L

b e $ [ B1| [o[o|1][1]oj0|1[1f0f0[1][1]|0[0]1|T
R R » | B2||ofo|ojof1|1]1|{1|{0]O|OfO[T]|1|1}|L
----------------------------- » | B3| |oflo|ojofojojofof2|1|Lfr]L|L|1|L
LDFF FIFO Load Pulse

Figure 24 — LDFF Command Address to DQ/DBI_n/EDC Mapping

Rev 1.1 / Jul.2021

Confidential

35



SK%

5.4 READ TRAINING (cont'd)

All bursts (0 to 15) must be loaded; LDFF commands to burst 0 to 14 may be issued in random order; the LDFF command
to burst 15 (LDFF15) must be the last of 16 consecutive LDFF commands, as it effectively loads the data into the FIFO and
results in a FIFO pointer increment. Consecutive LDFF commands have to be spaced by at least t 1, 1r

LDFF pattern may efficiently be replicated to the next FIFO stages by issuing consecutive LDFF commands to burst 15
(with identical data pattern). The data pattern in the scratch memory for LDFF will be available until the first RDTR
command.

The DQ/DBI_n output buffers remain in ODT state during LDFF.

An amount of LDFF commands to burst 15 greater than the FIFO depth is allowed and shall result in a looping of the FIFO’s
data input.

The total number of LDFF commands to burst 15 modulo FIFO depth must equal the total number of RDTR commands
modulo FIFO depth when used in conjunction with RDTR. No READ or WRITE commands are allowed between LDFF and
RDTR.

The EDC hold pattern is driven on the EDC signals during LDFF.

RDTR Command

A RDTR burst is initiated with a RDTR command as shown in Figure 25. No bank or column addresses are used as the data
is read from the internal READ FIFO, not the array. The length of the burst initiated with a RDTR command is sixteen.
There is no interruption nor truncation of RDTR bursts. The FIFO access is suppressed when CE bit is LOW. In two channel
mode CE shall be driven HIGH.

RDTR

CK.c _—
CK_t . N

CKE.n Low

CA9 ;‘{ \ /

cas _/ |\ / T\

'
RDTR

oo DX
NORDTR

CA7
CA6

V = Valid (Hor L, but not floating) [__| DON'T CARE

Figure 25 — RDTR Command
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5.4 READ TRAINING (cont'd)

A RDTR command may only be issued when a bank is open or a refresh is in progress and bit OP2 in MR5 is set to 0 to
allow training during REFab.

RDBI and RDCRC must be enabled to read the DBI and EDC bits, respectively, with the RDTR command. If not set, DBI_n
will remain in ODT state, and the EDC signals will drive the EDC hold pattern.

An amount of RDTR commands greater than the FIFO depth (= 6) is allowed and shall result in a looping of the FIFO’s data
output.

During RDTR bursts, the first valid data-out element will be available after the Read latency (RL). The latency is the same
as for READ. The data on the EDC signals comes with additional CRC latency (tcrcrp) after the RL.

Upon completion of a burst, assuming no other RDTR command has been initiated, all DQs and DBI_n will drive a value of
'1' and the ODT will be enabled at a maximum of 1 tg later. The drive value and termination value may be different due to

separately defined calibration offsets. If the ODT is disabled, the signals will drive Hi-Z.

Data from any RDTR burst may be concatenated with data from a subsequent RDTR command. A continuous flow of data
can be maintained. The first data element from the new burst follows the last element of a completed burst. The new
RDTR command should be issued after the first RDTR command according to the tecpg timing.

A WRTR can be issued any time after a RDTR command as long as the bus turn around time tgpy is met.

The total number of RDTR commands modulo FIFO depth must be equal to total number of WRTR commands modulo
FIFO depth when used in conjunction with WRTR. No READ or WRITE commands are allowed between WRTR and RDTR.

The total number of RDTR commands modulo FIFO depth must be equal to the total number of LDFF commands to burst
position 15 modulo FIFO depth when used in conjunction with LDFF. No READ or WRITE commands are allowed between
LDFF and RDTR.
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5.5 WRITE TRAINING

Write training allows the memory controller to find the data-eye optimal position (symbol training) and burst frame location
(frame training) for each high-speed input of the device. Each signal pin (DQ[15:0] and DBI[1:0]_n) can be individually

trained during this sequence.

For Write Training the following conditions must be true:

® at least one bank is active, or a REFab must be in progress and bit OP2 in Mode Register 5 (MR5) is set to 0 to allow training during
a REFab (to disable this special REF enabling of the WCK clock tree an ACT command must be issued, or the device must be set into

power-down or self refresh mode)
® WCK2CK training should be complete
® Read training should be complete

® RDBI and WDBI must be enabled prior to and during Write Training if the training shall include DBI_n. RDCRC and WRCRC must be
enabled prior to and during Write Training if the training shall include the EDC signals.

The following commands are associated with Write Training:

® WRTR to write a burst of data directly into the Read FIFO;

® RDTR to read a burst of data directly out of the Read FIFO.

Neither WRTR nor RDTR access the memory core. No MRS is required to enter Write Training.

Figure 22 shows an example of the internal data paths used with WRTR and RDTR. Figure 27 shows a typical Write training
command sequence using WRTR and RDTR. Table 23 lists AC timing parameters associated with WRITE Training.

Table 23 — WRTR and RDTR Timings

VALUES
PARAMETER SYMBOL UNIT | NOTES
MIN MAX
ACTIVATE to WRTR command delay tRCDWTR 10 - ns
ACTIVATE to RDTR command delay tRCDRTR 18 - ns
REFab to RDTR or WRTR command delay tREFTR 19 - ns
RD/WR bank A to RD/WR bank B command delay ¢ 2 _ ¢ 1
different bank groups CCbs CK
WRTR to RDTR command delay tWTRTR WLA+2tCK+5ns - tCK
WRITE to WRTR command delay tWRWTR WL+CRCWL+2tCK - tCK
READ or RDTR to WRITE or WRTR command delay tRTW RL+BL/8+2ns- - ns 2
WL+CRCRL

sidered in the calculation of the bus turnaround time.

Note 1: Use tcepg for gapless consecutive WRTR and RDTR commands regardless whether Bank Groups is enabled or not.
Note 2: tgry is not a device limit but determined by the system bus turnaround time. The difference between twckopgo and twckapgr shall be con-
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5.5 WRITE TRAINING (cont’'d)

WRTR Command

A WRTR burst is initiated with a WRTR command as shown in Figure 26. No bank or column addresses are used as the
data is written to the internal READ FIFO, not the array. The length of the burst initiated with a WRTR command is sixteen.
There is no interruption nor truncation of WRTR bursts. The FIFO access is suppressed when CE bit is LOW. In two channel
mode CE shall be driven HIGH.

WRTR

CKc _ — - —

CK_t _ A ___

CKEn Low

CA9

CAS8

I

WRTR

CA3

1

NO WRTR
'

CA[2:0], CA5

]

CA7

1T

CA6

CA4

!

V =Valid (H or L, but not floating) I:I DON'T CARE

Figure 26 — WRTR Command

A WRTR command may only be issued when a bank is open or a refresh is in progress and OP2 in MR5 is set to 0 to allow
training during REFab.

WDBI and WRCRC must be enabled to write the DBI and EDC bits, respectively, with the WRTR command. If WDBI is not
set, a ‘1’ will be written to the DBI FIFO, and a ‘1’ will be assumed for the DBI_n input in the CRC calculation. In contrast
to a normal WRITE, no CRC is returned by the WRTR command and the EDC signals will drive the EDC hold pattern.

Please note that RDCRC must be enabled to read the calculated CRC data with the RDTR command.

An amount of WRTR commands equal to the FIFO depth (= six) is required to fully load the FIFO; any number of WRTR
commands greater than the FIFO depth is allowed and shall result in a looping of the FIFO's data input.

During WRTR bursts, the first valid data-in element must be available at the input latch after the Write Latency (WL). The
Write Latency is the same as for WRITE.

Upon completion of a burst, assuming no other WRTR data is expected on the bus the DQs and DBI_n will be driven
according to the ODT state. Any additional input data will be ignored.
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5.5 WRITE TRAINING (cont’'d)

Data from any WRTR burst may be concatenated with data from a subsequent WRTR command. A continuous flow of data
can be maintained. The first data element from the new burst follows the last element of a completed burst. The new
WRTR command should be issued after the previous WRTR command according to the tecpg timing.

A RDTR can be issued any time after a WRTR command as long as the internal bus turn around time tgmy1r is met.

The total number of WRTR commands modulo FIFO depth must equal the total number of RDTR commands modulo FIFO
depth when used in conjunction with RDTR. No READ or WRITE commands are allowed between WRTR and RDTR.

Ta+2 Ta+4 Ta+6 Ta+8

s CIramaeiccarsEaE:

WLmrs | WLmr ‘tWTRTR RLmrs, CRCRL_ _RLmrs_ _CRCRL

WMMMMWMWWMMWWWMWM
DQ ””H HHHRZ” ' U”” ”l”“

. |
epc  feocH dX EDC HZ@dX EDC szldX EDC H%de EDC HoldX EDC oldX EDC H, dX EDC Hm ”l T4k }

7
| | | |

WA

D Don't Care

1. WLmrs, RLmrs and CRCRL set to 2 for ease of illustration; check Mode Register definition for supported settings
2. WCK_t and CK are shown aligned (tywckockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

Figure 27 — Write Training using WRTR and RDTR Commands

Rev 1.1 / Jul.2021 Confidential 40



SK%

6. MODE REGISTERS

GDDRG6 specifies 14 Mode Registers to define the specific mode of operation. MRO to MR12 and MR15 are defined as shown
in the overview in Figure 28. MR13 and MR14 are not defined and reserved for vendor specific features. Reprogramming
the Mode Registers will not alter the contents of the memory array.

All Mode Registers are programmed via the MODE REGISTER SET (MRS) command and will retain the stored information
until they are reprogrammed, chip reset, or the device loses power. Mode Registers must be loaded when all banks are idle
and no bursts are in progress, and the controller must wait the specified time tygp before initiating any subsequent

operation. Violating either of these requirements will result in unspecified operation.

No default states are defined for Mode Registers except when otherwise noted. Users therefore must fully initialize all Mode
Registers to the desired values upon power-up or after a subsequent chip reset.

Reserved states should not be used, as unknown operation or incompatibility with future versions may result. RFU bits are
reserved for future use and must be programmed to 0.

If the user activates bits in an optional field, either the optional field is activated (if option is implemented in the device) or
no action is taken by the device (if option is not implemented).
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6 MODE REGISTERS (cont’d)

M3 | M2 | M1 | M0 |OP11|OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
MRO ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ Write Recovery (WR) ‘ ™ ‘ Read Latency (RLmrs) ‘ Wr(ﬁv\i;ﬁ;ir;cy ‘
Cal Data .
MR1 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ RFU ‘CABI ‘WDBI‘ RDBI ‘ RFU ‘ Upd RFU Termination DrlverStrength‘
EDC | CADT EDC OCD Pullu OCD Pulldown Driver
MR2 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ HR | SRF ‘ RDQS ‘ mode | SelfRefresh ‘ Driver Offsct Offset
. CA DQ and WCK
MR3 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ Bank Groups | WR Scaling ‘ Info ‘ Termination Offset ‘ Termination Offset ‘
CRC Read .
EDC | WR RD CRC Write Latency
MR4 0 1 0 0 v | crC | cre Latency (CRCWT) EDC Hold Pattern
(CRCRL)
MR5 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ RFU ‘ RFU ‘ LP3 ‘ LP2 ‘ RFU ‘
MR6 | o [ 1] 1] 0] Pin Sub-Address VREFD Level |
Half | HALF | DQ | Auto LF Hiber- | WCK
MR?7 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ bcc VDD Range | yREFD | VREFC | PreA | Sync | Mode | RFU ‘ nate | AP
CK WR RL CK EDC CA CAH CAL
MRS 1 0 0 0 Termination | EHF | EHF REFpb AC Hi-Z TO | Terminnation | Termination
MR9 1 0 0 1 Pin Sub-Address RFU Decision Feedback Equalization
WCK WCK |WCK2 | WCK Inv /QS | WCKInv/QS
MR10 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ Termination | Ratio | CK ‘ Byte 1 Byte 0 VREFC Offsets ‘
MRI11 ‘ 1 ‘ 0 ‘ 1 ‘ 1 ‘ PASR Row Segment Mask ‘ PASR 2-Bank Mask ‘
P2BR |VDDQ
MR12 ‘ 1 ‘ 1 ‘ 0 ‘ 0 ‘ RFU ‘ PRBS ‘ Addr ‘ OFF
MR13 ‘ 1 ‘ 1 ‘ 0 ‘ 1 ‘ Reserved for Vendor Specific Features ‘
Reserved for Vendor Specific
MR14 1 1 1 0 DCA Features
MR15 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ CADT MRE

Figure 28 — Mode Registers Overview
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6.1 MODE REGISTER 0 (MRO)

Mode Register 0 controls operating modes such as Write Latency, Read Latency, Write Recovery and Test Mode as shown
in Figure 29. The register is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0000.

M3 | M2 | M1 | MO |OP11|OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
0 0 0 0 Write Recovery (WR) ™ Read Latency (RLmrs) Write Latency
Y 4 (WLmrs)
Write OP7 | Test Mode Write Latenc
N8 0P11/0P10| OP9 | OPS |  Recovery OP2 | OP1| OP0 | (o atency
(WR) 0 Normal
0 0 1 RFU
0 0 0 0 0 4 / optional 1 Test Mode
- 0 1 0 RFU
0 0 0 0 1 5 / optional
0 1 1 RFU
0 0 0 1 0 6 / optional
1 0 0 RFU
0 0 0 1 1 7 | optional —
0o o] 1[0/ 0] 8/ optional Please note that the 1ot 5/ optiona
0 0 1 0 1 9/ optional MSB is located in 1 1 0 6 / optional
optiona .
P Mode Register 8 (MR8) 1 1 1 7/ optional
0 0 1 1 0 | 10/ optional (see text)
0 0 1 1 1 | 11/optional
0 1 0 0 0 | 12/ optional i v
0 1 0 0 1 13 tional
/ optiona RS | 0oP6 | OPs | OP4 [ Op3 | Read Latency
0 1 0 1 0 14 / optional
0 1 0 1 1 | 15/ optional 0 0 0 0 0 RFU
0| 1| 1| 0| 0 | 16/optional 0 0 0 0 1 RFU
0 1 1 0 1 17 / optional 0 0 0 1 0 RFU
0 1 1 1 0 | 18/optional 0 0 0 1 1 RFU
0| 1] 1| 1] 1 |19/optional 0 0 1 0 0 9 / optional
1 0 0 0 0 | 20/ optional 0 0 1 0 1 10 / optional
1 0 0 0 1 | 21/optional 0 0 1 1 0 11 / optional
0 0 1 1 1 12 / optional
1 1 1 1 0 | 34/optional 0 1 0 0 0 13 / optional
1 1 1 1 1 | 35/optional 0 1 0 0 1 14 / optional
0 1 0 1 0 15 / optional
0 1 0 1 1 16 / optional
Please note that the 0 1 1 0 0 17 / optional
MSB is located in -
Mode Register 8 (MRS) L e 18 / optional
(see text) 0 1 1 1 0 19 / optional
0 1 1 1 1 20 / optional
1 0 0 0 0 21 / optional
1 0 0 0 1 22 / optional
1 0 1 0 1 26 / optional
1 0 1 1 0 27 [ optional

Figure 29 — Mode Register 0 (MR0) Definition
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Data Rate (Speed bin, VDD) RL WL L Uit
20Gbps (VDD=1.35V) 28 8 2 14 (K
18Gbps (VDD=135V) 27 7 2 14 {CK
16Gbps (VDD=135V) 2 7 2 14 K
14Gbps (VDD=135V) 24 7 2 14 (CK
12Gbps (VDD=135V) 22 7 2 14 {CK
10Gbps (VDD=135V) 20 6 2 14 {CK
8Gbps (VDD=135V) 18 6 1 13 (CK
6Gbps (VDD=1.35V) 15 5 1 12 {CK
4Gbps (VDD=1.35V) 10 5 1 10 {CK
18Gbps (VDD=125V) 28 7 2 14 (CK
16Gbps (VDD=125V) 27 7 2 14 {CK
14Gbps (VDD=125V) 2 7 2 14 {CK
12Gbps (VDD=125V) 24 7 2 14 (CK
10Gbps (VDD=125V) 22 6 2 14 {CK
8Gbps (VDD=1.25V) 20 6 1 13 {CK
6Gbps (VDD=125V) 17 5 1 12 (CK
4Gbps (VDD=1.25V) 16 5 1 10 {CK
16Gbps (VDD=1.2VV) 28 7 2 14 {CK
14Gbps (VDD=12VV) 27 7 2 14 (CK
12Gbps (VDD=12VV) 25 7 2 14 {CK
10Gbps (VDD=12VV) 23 6 2 14 {CK
8Gbps (VDD=12VV) 21 6 1 13 (CK
6Gbps (VDD=12VV) 18 5 1 12 {CK
4Gbps (VDD=1.2VV) 17 5 1 10 (CK

Note: User should set RL, WL, CRCL for each speed bin according to the above table.
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6.1 MODE REGISTER 0 (MRO) (cont'd)

Write Latency (WLmrs)

The Write latency (WLmrs) is the delay in clock cycles used in the calculation of the total Write latency (WL) between the
registration of a WRITE or WRTR command and the availability of the first piece of input data. DRAM vendor specifications
should be checked for value(s) of WLmrs supported. All WLmrs values are marked as “optional”, allowing the DRAM vendor
to define the minimum and maximum supported WLmrs values; the supported WLmrs range must be contiguous. As the
Write latency is set to higher values (i.e., ... 5, 6, 7, 8 clocks) the input receivers turn on when the WRITE or WRTR
command is registered. The full Write latency definition can be found in the section entitled OPERATION.

Read Latency (RLmrs)

The Read latency (RLmrs) is the delay in clock cycles used in the calculation of the total Read latency (RL) between the
registration of a READ or RDTR command and the availability of the first piece of output data.

RLmrs is specified by bits MRO OP[6:3] and MR8 OP8, defining a RLmrs range of 9 to 36 tck. Please note that the MSB is

located in MR8; a Read latency change therefore may require two MRS commands. All RLmrs values are marked as
“optional”, allowing the DRAM vendor to define the minimum and maximum supported RLmrs values; the supported RLmrs
range must be contiguous. The full Read latency definition can be found in the section entitled OPERATION.

Write Recovery (WR)

The programmed WR value is used to delay the internal auto-precharge until after the tWR timing has been met. The WR
register bits are not a required function and may be implemented at the discretion of the DRAM manufacturer.

WR must be programmed with a value greater than or equal to RU{tyr/tck}, Where RU stands for round up, tyg is the
analog value from the vendor datasheet and tcg is the operating clock cycle time.

WR is specified by MRO OP[11:8] and MR8 OP9, defining a WR range of 4 to 35 tc. Please note that the MSB is located in
MRS8; a WR change therefore may require two MRS commands. All WR values are marked as “optional”, allowing the DRAM
vendor to define the minimum and maximum supported WR values; the supported WR range must be contiguous. The
number of clock cycles programmed for WR is multiplied by a factor of 1x (default), 2x or 3x as given by the WR Scaling
bits in MR3 OP[9:8].

Test Mode

The normal operating mode is selected by issuing a MODE REGISTER SET command with bit OP7 set to'0’, and bits
OP[6:0] and OP[11:8] set to the desired values. Programming bit OP7 to ‘1’ places the device into a test mode that is only
to be used by the DRAM manufacturer. No functional operation is specified with test mode enabled.
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6.2 MODE REGISTER 1 (MR1)

Mode Register 1 controls functions like driver strength, data termination, Read DBI, Write DBI, CABI, control of calibration
updates, as shown in Figure 30.

The register is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0001. OP[3:0], OP6 and OP10 of
this register are initialized with ‘0’s.

M3 | M2 | M1 | M0 |OP11|OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4

1311 13131 1 11311

RFU | CABI [WDBI| RDBI | RFU S;é RFU Data Driver

o
o
=}
[

Termination | Strength

v

OP1 | OPO Driver Strength
0 0 Auto Calibration On (60/40)
0 1 Auto Calibration On (48/40)
v A 4
OP6 | Calibration Update OP3 | OP2 | Data Termination
0 On 0 0 Disabled
1 Off 0 1 60 ohm
v 1 0 120 ohm
OP9 | Write DBI 1 1 48 ohm
0 On
1 Off
v
\4 OP8 | Read DBI
OP10 CABI 0 On
0 On 1 Off
1 Off

Figure 30 — Mode Register 1 (MR1) Definition

Impedance Auto Calibration of Output Buffer and Active Terminator

GDDR6 SGRAMs offer auto calibrating impedance output buffers and on-die terminations. This enables a user to match the
driver impedance and terminations to the system within a given range. To adjust the impedance, an external precision
resistor is connected between the ZQ and Vgs. A nominal resistor value of 120 Ohms is equivalent to the 40 Ohms

Pulldown and 60 or 48 Ohms Pullup nominal impedances of devices. RESET_n is not internally terminated.

The output driver and on-die termination impedances are updated during all REFab commands to compensate for
variations in supply voltage and temperature. The impedance updates are transparent to the system.
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6.2 MODE REGISTER 1 (MR1) (cont'd)

Driver Strength

OP[1:0] define the driver strength. The Auto Calibration setting enables the Auto Calibration functionality for the Pulldown,
Pullup and Termination over process, temperature and voltage changes.

Data Termination

OP[3:2] define the data termination value for the DQs and DBI_n. Data termination is disabled by default; it can be set to
a value of 48 Ohm, 60 Ohm, or 120 Ohm depending on system conditions. Data termination may also be turned off.

Calibration Update

The Calibration Update setting enables the calibration value to be updated automatically by the Auto Calibration engine.
The function is enabled upon power-up to reduce update induced jitter. The user may decide to suppress updates from the
auto calibration engine by disabling Calibration Update (OP6=1).

The calibration updates can occur with any REFab command. The update is not complete for a time tyg after the latching
of the REFab command. During this txg time, only NOP commands may be issued.

Calibration updates for the CK ODT can be disabled separately by the CK AC bit in MR8 OP6.

RDBI and WDBI

Bit OP8 controls Data Bus Inversion (DBI) for READs (RDBI), and bit OP9 controls Data Bus Inversion for WRITEs (WDBI).
For more details on DBI see READ and WRITE Data Bus Inversion (DBI) in the section entitled OPERATION.

CABI

Command Address Bus Inversion (CABI) is selected independently from DBI using bit OP10. When enabled any data sent
over the CA bus (whether opcode, addresses, LDFF data or DM) is inverted or not inverted based on the state of CABI_n
signal. With a change to the CABI register it is required to wait tyop instead of tygp with CABI_n held HIGH after an MRS
command that changes the CABI and any subsequent MRS command. For more details on CABI see Command Address
Bus Inversion (CABI) in the section entitled ADDRESS.
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6.3

MODE REGISTER 2 (MR2)
Mode Register 2 defines the output driver (OCD) offsets, EDC mode, EDC Hold Rate, Self Refresh, RDQS mode and CADT

SRF functions as shown in Figure 31. Bit OP10 of this register is initialized with '0'.
Mode Register 2 is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0010.

M3 | M2 | M1 | M0 |OP11|OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
EDC [CADT EDC OCD Pullup OCD Pulldown
0 0 1 0 HR | SRF RDQS mode Self Refresh Driver Offset Driver Offset
| J i
OP11 | EDC Hold Rate (EDC HR) Or2 | OP1 | OPO O&R? S?f‘;?t“
0 Full data rate 0 0 0 0
1 Half data rate OP7 | OP6 | Self Refresh 0 0 1 +1
0 0 32 ms 0 1 0 +2
0 1 128 ms 0 1 1 +3
1 0 16 ms 1 0 0 4
temperature con-
1 1 ptrolled 1 0 1 3
1 1 0 -2
OP10 CADT SRF 1 1 1 -1
0 Off
1 On A 4
OCD Pullup
OP5 | OP4 | OP3 Driver Offset
0 0 0 0
0 0 1 +1
0 1 0 +2
0 1 1 +3
OP9 RDQS v
1 0 0 -4
0 Off (0) ] EDC mode
1 0 1 -3
1 On 0 Full data rate
1 1 0 -2
1 Half data rate
1 1 1 -1

Figure 31 — Mode Register 2 (MR2) Definition

CADT SRF

OP10 enables Self Refresh when CA Training mode is entered. A detailed description of the CA Training while in Self Refresh can be
found in the section entitled TRAINING.

RDQS Mode

OP9 enables the RDQS mode of the device. In this mode the EDC outputs will act as a READ strobe (RDQS). No CRC is supported in
RDQS mode, and all related bits in MR4 will be ignored. A detailed description of the RDQS mode can be found in the section entitled
OPERATION.

EDC mode

EDC mode selects between Full data rate and Half data rate EDC modes. See EDC section for more details.
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6.3 MODE REGISTER 2 (MR2) (cont'd)

Self Refresh
The refresh interval in Self Refresh mode may be set to 32ms, or being controlled by an integrated temperature sensor.

EDC Hold Rate

EDC Hold Rate selects between Full data rate and Half data rate for the EDC hold pattern provided the hold pattern is
programmed to 1010 or 0101. Programming the hold pattern to 0011, 0110, 1100 or 1001 effectively results in a half or
quarter data rate hold pattern depending on the EDC HR setting. EDC Hold Rate is set independently of the EDC mode.

only half data rate PRBS is supported, EDC HR is not to affect the output when the PRBS feature is supported and enabled
in MR12 OP2.

Impedance Offsets (MR2 OP[5:0] & MR3 OP[5:0])

The driver and termination impedances may be offset individually for PD driver, PU driver, DQ/DBI_n/WCK termination and
CA termination. The offset impedance step values may be non-linear and will vary across DRAM vendors and across PVT.
With negative offset steps the drive strengths will be decreased and Ron will be increased. With positive offset steps the
drive strengths will be increased and Ron will be decreased. With negative offset steps the termination value will be
increased. With positive offset steps the termination value will be decreased.

IV curves and AC timings are only guaranteed with zero offset.
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6.4 MODE REGISTER 3 (MR3)

Mode Register 3 controls functions including Bank Groups, WR Scaling, DRAM Info, Termination offsets for CA as well as
Data and WCK as shown in Figure 33.

Mode Register 3 is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0011.

M3 | M2 | M1 | M0 |OP11|OP10

OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
. CA Data and WCK
0 0 1 1 |Bank Groups| WR Scaling | DRAM Info Termination Offset | Termination Offset

— i

OP11 | OP10 Bank Groups

or2 | or1 | oro Data and WCK

0 X | off /tCCDL =2 tcy Termination Offset
1 0 on /tCCDL =4 tcg 0 0 0 0
1 1 | on/tCCDL =3 tcg 0] 0| 1 +1
0 1 0 +2
0 1 1 +3
J 1 0 0 4
OP9 | OP8 WR Scaling 1 0 1 -3
0 0 1x (default) 1 1 0 2
1 1 RFU 1 1 1 1

v

OP5 | OP4 | OP3 Termination Offset

0 0 0 0

i 0 0 1 +1

OP7 | OP6 DRAM Info 0 1 0 12

0 0 off 0 1 1 +3

0 1 Vendor ID (ID1) 1 0 0 -4

1 0 Temperature Readout 1 0 1 3

1 1 Vendor ID (ID2) 1 1 0 2
1 1 1

-1

Figure 33 — Mode Register 3 (MR3) Definition

DRAM Info
OP[7:6] enable the DRAM Info mode which is provided to output the Vendor ID or Temperature Readout.

The Vendor ID identifies the manufacturer of the device, and provides the die revision, memory density and other
information about the device. See the Vendor ID section for more details.

WR Scaling

MR9 OP[9:8] enables the number of clock cycles for Write Recovery (WR) programmed in MR8 OP9 and MR0O OP[11:8] to
be either the value set or scaled by either 2x or 3x.
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6.4 MODE REGISTER 3 (MR3) (cont’d)

Bank Groups

OP11 enables the bank groups feature, and OP10 specifies the min column-to-column command delay (tccp ). With OP11

set to '1’, back-to-back column accesses within a bank group have to be spaced by 3 or 4 clocks as defined by bit OP10.
With OP11 set to *0’, the bank groups feature is disabled and tccp equals tecps.

The DRAM vendor’s datasheet specifies the operating frequency limit below which the user may run the device without
activating the bank groups feature (fekgg)-
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6.5 MODE REGISTER 4 (MR4)
Mode Register 4 defines the Error Detection Code (EDC) features shown in Figure 34.

The register is programmed via the MODE REGISTER SET (MRS) command with M[3:0]= 0100. OP[3:0] (EDC Hold
Pattern) of this register are initialized with '1111".

M3 | M2 | M1 | MO |OP11|OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
CRC Read .
EDC | WR | RD CRC Write Latency
0 1 0 0 Latency EDC Hold Pattern
0 Inv | CRC | CRC (CRCRL) (CRCWL)
OP11 EDC Hold Pattern Invert OP3 | OP2 | OP1 | OP0 | EDC Hold Pattern
for EDC1
0 0 0 0 Pattern
0 EDC hold pattern not
inverted
1 EDC hold pattern inverted | ! | ! | ! | ! | Pattern
Burst Burst Burst Burst
Pos3 Pos2 Pos1l PosO0
d
v o

OP10 | WR CRC OP9 | RD CRC
0 On 0 On v
OP6 | OP5 | OP4 | CRC Write Latency (CRCWL)
1 Off 1 Off
0 0 0 15
0 0 1 16
0 1 0 RFU
OP8 | OP7 | CRC Read Latency (CRCRL) 0 1 1 10 / optional
0 0 4 / optional 1 0 0 11 / optional
0 1 1/ optional 1 0 1 12 / optional
1 0 2 / optional 1 1 0 13 / optional
1 1 3 / optional 1 1 1 14 / optional

Figure 34 — Mode Register 4 (MR4) Definition

EDC Hold pattern / EDC Invert

The 4-bit EDC hold pattern is considered a background pattern transmitted on the EDC signals. The register is initialized with all ‘1’s. The
pattern is shifted from right to left and repeated with every 4 U.I. The output timing is the same as of a READ burst.

CRC bursts calculated from WRITEs or READs will replace the EDC hold pattern for the duration of those bursts, provided CRC is enabled
for those bursts.

The EDC hold pattern will be replaced by a pseudo random bit stream when the optional PRBS feature is supported by a device and
enabled in MR12 OP2.

The EDC hold pattern will be undefined for tygp with the following MRS commands:

MR4 that changes bits OP[3:0] or OP[11:9]
MR1 that changes bits OP[1:0]
MR6 that changes TX EQ codes

[ ]
[ J
[}
® MR12 OP2 to disable the optional PRBS feature
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6.5 MODE REGISTER 4 (MR4) (cont’d)

The EDC hold pattern will not be transmitted when the device is in CA training mode, in WCK2CK training mode, in Self
Refresh mode, in reset state, in power-down state with the LP2 bit set, or EDC Hi-Z.

With OP11 set to '1’, EDC1 will transmit the inverted EDC hold pattern, resulting in a pseudo-differential pattern. OP11 is
ignored for READ, WRITE and RDTR CRC bursts and the clock phase information in WCK2CK training mode.

Read CRC and CRC Read Latency (CRCRL)

Bit OP9 controls the CRC calculation for READ bursts, and bits OP[8:7] hold the CRC read latency. When enabled, the
calculated CRC pattern will be transmitted on the EDC signals with the latency as programmed in the CRCRL field of this

register. With Read CRC being off, no CRC will be calculated for READ bursts, and the EDC hold pattern will be transmitted

instead.

All CRCRL values are marked as “optional”, allowing the DRAM vendor to define the minimum and maximum supported
CRCRL values; the supported CRCRL range must be contiguous.

Write CRC and CRC Write Latency (CRCWL)

Bit OP10 controls the CRC calculation for WRITE bursts, and bits OP[6:4] hold the CRC write latency. When enabled, the
calculated CRC pattern will be transmitted on the EDC signals with the latency as programmed in the CRCWL field of this
register. With Write CRC being off, no CRC will be calculated for WRITE bursts, and the EDC hold pattern will be
transmitted instead.

All CRCWL values are marked as “optional”, allowing the DRAM vendor to define the minimum and maximum supported
CRCWL values; the supported CRCWL range must be contiguous.
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6.6 MODE REGISTER 5 (MR5)
Mode Register 5 defines digital RAS, PLL band-width and low power modes as shown in Figure 35.

The register is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0101.

OP0

M3 | M2 | M1 | M0 |OP11|OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3

1314 13

‘0‘1‘0‘1‘ RFU RFU ‘LP3‘LP2‘ ‘

OP2 | LP3

A4
OP1 LP2

0 Off
1 On / optional

Figure 35 — Mode Register 5 (MR5) Definition

Low Power Modes (LP2, LP3)

OP[2:0] control several low power modes of the device. The modes are independent of each other. LP2 are optional
features.

When OP1 (LP2) is set, the WCK receivers may be turned off during power-down.

When OP2 (LP3) is set, RDTR, WRTR and LDFF commands are not allowed while a REFab command is being executed.
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6.7

MODE REGISTER 6 (MR6) & MODE REGISTER 9 (MR9)

Mode Register 6 and Mode Register 9 control data input receiver properties like VREFD level and DFE as shown in Figure
36 and Figure 37. MR6 also controls the optional data output driver equalization (TX EQ). Both registers use a 5-bit wide
sub-address to allow programming of VREFD level and DFE values individually for each data input pin.

Mode Register 6 is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0110. Mode Register 9 is

programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 1001.

Ori1

OP10

¢¢¢¢¢¢¢¢

¢¢¢¢¢¢¢¢

Pin Sub-Address

VREFD Level

I

Figure 36 — Mode Register 6 (MR6) Definition

OP11|OP10| OP9 | OP8 | OP7 |Pin Sub-Address OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OP0 | VREFD Level

0 0 0 0 0 DQO see VREFD Level Table
oo o 0] DQ1
oo | 1]1]o DQs6
oo |1 1]1 DQ7
ol 1o o] o DBI0_n
o100/ 1 RFU
0 1 0 1 0 TX EQ Byte 0 (see text below)
o1 ]lo | 1]1 L

gsgggz OP6 | OP5 | OP4| OP3 | OP2 | OP1 | OP0|  TXEQ
ol 1| 1] 1]o 0] o Off
0 1 1 1 1 Byte 0 RFU 1 1 3 / optional
10 0] o0]o DQ8
110001 DQ9
1o 1] 1]o0 DQ14
1o 1|11 DQI5
11 0] o0]o DBII_n
11001 RFU
1 1] 0/| 1] 0 | TXEQBytel
11 0|1 ]1

Vendor

Specific
111 |1
11 1|1 ] Byte 1
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6.7 MODE REGISTER 6 (MR6) & MODE REGISTER 9 (MR9) (cont'd)

M3 | M2 | M1 | MO0 |OP11|OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OP0
: Decision Feedback Equaliza-
1 0 0 1 Pin Sub-Address RFU tion (DFE)
OP11|0OP10| OP9 | OP8 | OP7 |Pin Sub-Address OP3 | OP2 | OP1 | OP0O DFE
0 0 0 0 0 DQO 0 0 0 0 Off
0 0 0 0 1 DQ1 0 0 0 1 +/-0.5% VDDQ | +/-7mV
0 0 1 0 +/-1.0% VDDQ | +/- 14mV
0 0 1 1 0 DQ6
0 0 1 1 1 DQ7 1 1 1 0 +/-7.0% VDDQ | +/-98mV
0 1 0 0 0 DBIO_n 1 1 1 1 +/-7.5% VDDQ | +/- 105mV
0 1 0 0 1 RFU Note: voltages for DFE
0 1 0 1 0 are approximated values.
0 1 0 1 1 Vendor
. Specific
0 1 1 1 0
0 1 1 1 1 Byte 0
1 0 0 0 0 DQ8
1 0 0 0 1 DQ9
1 0 1 1 0 DQ14
1 0 1 1 1 DQ15
1 1 0 0 0 DBI1_n
1 1 0 0 1 RFU
1 1 0 1 0
1 1 0 1 1 Vendor
Specific
1 1 1 0
1 1 1 1 1 Byte 1
Figure 37 — Mode Register 9 (MR9) Definition
VREFD Level

The reference voltage for the DQ and DBI_n inputs (Vrerp) is generated internally, and separate Vggr circuits are associ-
ated with each data input pin.

The VREFD level is linear with a total range of 96 steps and a nominal step size of 1/200 x Vppq (or 0.5%) in a range from
0.490 x Vppq to 0.965 x Vppq as illustrated in Table 24 and Figure 39. The mid point of 0.725 x Vppq has been set to
match the ideal vertical data eye center with nominal 48 Ohms pullup and 40 Ohms pulldown driver strength (see MR1).
With nominal 60 Ohms pullup and 40 Ohms pulldown driver strength the ideal vertical data eye center will be at 0.7 x
Vppq, only 35mV lower. Both mid point settings are highlighted in Table 24.
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6.7 MODE REGISTER 6 (MR6) & MODE REGISTER 9 (MR9) (cont'd)

The VREFD level must be set by programming bits OP[6:0] in MR6 individually for each pin; the associated pin sub-address
bits in OP[11:7] select the pin. The sub-address field also provides encodings to program the same VREFD level for a byte
(byte 0 or byte 1). MRS commands to program the VREFD level can be issued in random order. No valid VREFD level is
defined for decimal steps 96 to 127 (OP[6:5] = 11).

The Vrgpp settling time tyrerp is @ constant value for the device, and is referenced from the MRS command to when the
90% level of the delta between old and new Vrgrp voltage has been reached as illustrated in Figure 40.

Half VREFD mode enables the Vrerp level to be adjusted when the DQ and DBI_n inputs operate without termination.
When bit OP7 in MR7 is set to '1’, a level of nominally 0.5 x Vppq is generated. The maximum operating frequency for this
mode is defined by fexyrerpz- Disabling Half VREFD mode restores the programmed VREFD level and DFE values. A Half
VREFD mode reference voltage change requires tyrerp; to settle.

DQ, DBL n B Y

Programmable Half
@ o VREFD
I—o (MR?7 OP7)
0.5 x Vbppg

Figure 38 — VREFD Options

Table 24 — VREFD Level

VREEFD Level Code VREFD Level
MRé6 OP[6:0] Decimal | % Vppg Divider Vzerp [V
1011111 95 0.965 193 /200 1.303
1011110 94 0.960 192 /200 1.296
1011101 93 0.955 191 /200 1.289
0110000 48 0.730 146 /200 0.986
0101111 47 0.725 145 /200 0.979
0101110 46 0.720 144 /200 0.972
0101101 45 0.715 143 /200 0.965
0101100 44 0.710 142 /200 0.959
0101011 43 0.705 141 /200 0.952
0101010 42 0.700 140 /200 0.945
0101001 41 0.695 139 /200 0.938
0000010 2 0.500 100 /200 0.675
0000001 1 0.495 99 /200 0.668
0000000 0 0490 98 /200 0.662
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6.7

Vobo

200 199

MODE REGISTER 6 (MR6) & MODE REGISTER 9 (MR9) (cont'd)

48/40 Ohms
1.35V N
194 1.30V ~
4|_|1—.(0_
95 &
193 o | &
S |2
I—rro_- =
94 o | =
192 2| &
T ¢ Vrerp § )
99 1 0.66V- o
0.61V- -
E_r]/o—
0
98 LA
)
]
97
oV
Figure 39 — VREFD Circuit and Range
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Figure 40 — VREFD and DFE Settling Time
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6.7 MODE REGISTER 6 (MR6) & MODE REGISTER 9 (MR9) (cont'd)

Decision Feedback Equalization (DFE)

The input data eye may be closed at the DRAM balls due to Inter System Interference (ISI) on the channel. GDDR6
provides means for improving (or opening up) the data eye at the receiver by the use of a 1-tap Decision Feedback
Equalization (DFE).

DFE must be set by programming bits OP[3:0] in MR9 individually for each pin; the associated pin sub-address bits in
OP[11:7] select the pin. The sub-address field also provides encodings to program the same DFE value for a byte (byte 0
or byte 1). MRS commands to program DFE can be issued in random order.

The DFE settings shall be equivalent to a positive and negative shift of the programmed VREFD level in steps of approxi-
mately +/-0.5% x Vppq Or +/-7mV as shown in Figure 37. The programmed VREFD level plus DFE voltage cannot be out-

side the range of the VREFD level supported in MR6 OP[6:0]. The actual DFE implementation is vendor specific. The Vrgrp
settling time tyrerp Must be satisfied for any DFE changes to settle.

Transmit Equalizer (TX EQ)

The optional transmit equalizer function allows to program each data byte’s output drivers to better match the system
channel characteristics. The actual TX EQ implementation is vendor specific.

TX EQ uses opcodes in MR6 not used otherwise for programming VREFD as shown in Figure 36. The TX EQ option is
selected by bits MR6 OP[1:0], and programmed for byte 0 with OP[11:7] = 01010 and for byte 1 with OP[11:7] = 11010.
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6.8 MODE REGISTER 7 (MR7)

Mode Register 7 controls features like WCK2CK Alignment Point, Hibernate Self Refresh, Low Frequency mode, Auto
Synchronization, DQ Preamble, Half VREFD, Half VREFC, VDD Range and DCC as shown in Figure 41. The register is
programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 0111.

M3 | M2 | M1 | M0 |OP11|OP10| OP9 | OP8 | OP7 OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO

Yy v v v vy vy v v v v vy

Half Half DQ | Auto | LF Hiber-| WCK
0 |1 1 1 RFU | yREFD | VREFC | PreA | Sync [Mode| RFY | nate | AP

OP11 | OP10 DCC OF0 WCK2CK
Alignment Point
0 0 DCC off / optional
0 PD inside DRAM
0 1 DCC start / optional 1 at balls
A 4
1 0 RFU
OP4 | WCK2CK Auto Sync
1 1 DCC hold / optional
0 Off v
1 On / optional OP1 Hibernate
0 Off
1 On
v
OP5 DQ Preamble
0 Off
1 On / optional
v v v
OP7 Half VREFD OP6 Half VREFC OP3 |Low Frequency Mode
Programmed 0 0.7*VDDQ 0 Off
0 VREEFD level and
DFE value 1 0.5*VDDQ 1 On / optional
1 0.5* VDDQ

Figure 41 — Mode Register 7 (MR7) Definition

WCK2CK Alignment Point (WCK AP)

OP3 defines the position of the alignment point between CK and WCK. When set to ‘0", the alignment point will be at the
phase detector inside the device. When set to ‘1, the alignment point will be at the CK and WCK balls.
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6.8 MODE REGISTER 7 (MR7) (cont'd)

Hibernate Self Refresh

With OP1 set to '1’, the device enters Hibernate Self Refresh mode with the next SELF REFRESH ENTRY command. The bit
is self-clearing.

Low Frequency Mode

When Low Frequency Mode is enabled by OP3, the power consumption of input receivers and clock trees is reduced. The
maximum operating frequency for this low frequency mode is given in the vendor's datasheet. Low Frequency Mode is
optional.

WCK2CK Auto Synchronization

GDDR6 SGRAMs may optionally support a WCK2CK automatic synchronization mode that reduces the WCK2CK training to
issuing two WCK2CK MRS for WCK2CK training entry and exit. This mode is controlled by OP4. For a detailed description
see WCK2CK Auto Synchronization in the section entitled WCK2CK Training.

DQ Preamble

When enabled by OP5, non-gapless READ bursts will be preceded by a fixed DQ preamble on the DQ and DBI_n signals of
8 U.I. duration. The programmed READ latency does not change when the DQ Preamble is enabled. The pattern is not
encoded with RDBI, however, if RDBI is disabled, the DBI_n signals will not toggle and drive a HIGH. DQ Preamble is
optional.

Half VREFC and Half VREFD
See MODE REGISTER 6 (MR6) & MODE REGISTER 9 (MR9) for details on VREF features.

Duty Cycle Correction (DCC)

OP[11:10] control the operation of the duty cycle corrector (DCC). The DCC can be used to cancel out a static duty cycle
error on the WCK clocks. For more details see Duty Cycle Correction (DCC) in section entitled OPERATION.
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6.9 MODE REGISTER 8 (MRS8)

Mode Register 8 defines Clock Termination Override, CAL and CAH Termination, EDC Hi-Z, CK Auto Calibration, REFpb, CK
Termination and extensions to Read latency (RLmrs) and Write Recovery (WR) as shown in Figure 42. The register is
programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 1000. OP4 of this register is initialized with '0’s.

M3 ( M2 | M1 | MO |OP11| OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
1 0 0 0 CK WR | RL REFob CK | EDC | CA CAH CAL
Termination | EHF | EHF P AC | Hi-Z | TO | Termination | Termination
OP11 | OP10 | CK Termination
0 0 Value at RESET OP7 REFpb - p—
0 1 60 oh 5 it
om 0 REFpb OP4 CATO
1 0 120 ohm 0 off
1 REFp2b 0 off
1 1 Disabled 1 on
1 on
\4
OP6 |CK Auto Calibration (CK AC)
OP3 | OP2 | CAH Termination
0 CK auto-calibration update
during REFab disabled 0 0 Disabled
1 CK auto-calibration update 0 1 60 ohm
during REFab enabled
1 0 120 ohm
1 1 240 ohm
v l A4
WRITE Recovery Read Latency OP1 | OP0 | CAL Termination
OP9 | Extra High Frequency OP8 | Extra High Frequency
0 0 Disabled
0 WR normal range 0 RLmrs normal range
(4 to 19 tcy) (5 to 20 tcy) 0 1 60 ohm
1 WR extended range 1 RLmrs extended range 1 0 120 ohm
(20 to 35 tcy) (21 to 36 tck) 1 1 Reserved

Figure 42 — Mode Register 8 (MR8) Definition

READ Latency Extra High Frequency (RLEHF)
OP8 extends the RLmrs (READ Latency) field in MRO from 4 bits to 5 bits. See Mode Register 0 for more details.

WRITE Recovery Extra High Frequency (WREHF)
OP9 extends the WR (WRITE Recovery) field in MRO from 4 bits to 5 bits. See Mode Register 0 for more details.

EDC Hi-Z

With bit OP2 set to ‘1, the EDC signals are in Hi-Z state. The EDC Hi-Z function takes precedence over all other features

that define the EDC signal’s data pattern.
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6.9 MODE REGISTER 8 (MR8) (cont'd)

CK Auto Calibration (CK AC)

With bit OP6 set to ‘0’, the update of the CK impedances by the calibration engine during REFab is disabled resulting in only
the other impedances updated. With OP6 set to ‘1’, the CK impedances are updated by the calibration engine during a
REFab. If the calibration updates are off (MR1 OP6=1) or the CK Termination is disabled upon reset or by an MRS
command that sets MR8 OP[11:10]=11, then this bit is ignored.

REFpb

OP7 selects between Per-bank (REFpb) and Per-2-bank (REFp2b) Refresh when CA4 = LOW is set in a REFRESH
command. See REFRESH and PER-BANK / PER-2-BANK REFRESH section for more details.

CK Termination

OP[11:10] allows a change to the termination value of CK_t and CK_c that was determined at device initialization. The CK
Termination register feature is optional. After any change to OP[11:10] from the default value of 00, the device operation
cannot be guaranteed unless defined otherwise. If the feature is not supported by a device, the programming of the
register will be ignored and the CK ODT value set during device initialization will remain valid as long as the device is
powered or a subsequent chip reset.

The default setting ('00") selects the CK termination as determined by latching CA[5:4] on the rising edge of RESET_n. The
CK termination can also be set to a value of 60 Ohm which is intended for a single loaded system, or 120 Ohm which is
intended for double loaded configurations with two devices sharing a common CK. The values are the combined
termination impedances from both channels as seen by the host. CK termination may also be turned off, for example, if
external CK termination is used.

It is required to program the same CK termination value in both channels. In case the associated MRS commands are not
issued at the same CK cycle to both channels, the ODT value as seen by the host cannot be guaranteed until a time tygp

has been met after the second MRS command. To allow a termination change to be completed, it is required to wait tyop
instead of tygp after an MRS command that changes the CK termination and any subsequent MRS command.

CA Termination Override (CA TO), CAH and CAL Termination

OP4 allows the CA Termination set during the power-up initialization sequence to be changed using CAH and CAL
Termination.

OP[3:2] define the termination for the higher CA inputs, specifically CA[9:4], CABI_n and CKE_n. Values of 60 ohm, 120
ohm and 240 ohm are supported. The termination may also be disabled for the higher CA inputs.

OP[1:0] define the termination for the lower CA inputs, specifically CA[3:0]. Values of 60 ohm and 120 ohm are
supported. The termination may also be disabled for the lower CA inputs.

The use of the CA Termination Override, CAH and CAL Termination allow the CA Termination to be set individually for one,
two or four loads on a common CA bus, depending on whether the DRAM is in two channel operation or PC mode, or x8 or
x16 mode as well as other factors.

If CA Termination Override is set to ‘0’ any change to the CAH and CAL Termination registers will be ignored. To allow a
termination change to be completed, it is required to wait tygp instead of tygp after an MRS command that changes the

CA termination and any subsequent MRS command.
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6.10 MODE REGISTER 10 (MR10)

Mode Register 10 controls the VREFC Offset, WCK Termination, WCK Ratio, WCK2CK and WCK Inv / Quad Shift functions as shown in
Figure 43. Mode Register 10 is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 1010. OP[11:10] of this
register is initialized with '0’s.

Mode Register 10
BA3 | BA2 | BA1 | BAO [OP11|OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
WCKInv/ | WCK Inv/
11011 o0 WCK  WCK\WCK| i 2d Shift | Quad Shift VREFC Offset
Termination | Ratio | 2CK B
yte 1 Byte 0
v
OP3 | OP2 [ OP1 | OP0 | YREEC
OP8 WCK2CK
0/
0 Off 0 0 0 0 default
1 On o] o] o0 1 +1
0 0 1 0 +2
0 0 1 1 +3
v ol 1]o] o +4
OP9 WCK Ratio O 1 0 1 +5
0 Half data rate 0 1 1 0 +6
1 Quarter data rate 0 1 1 1 +7
1 0 0 0 0
v 1 0 0 1 -7
OP11 | OP10 | WCK Termination 1 0 1 0 -6
0 0 Disabled 1 0 1 1 -5
0 1 60 ohm 1 1 0 0 -4
1 0 120 ohm 1 1 0 1 -3
1 1 Reserved 1 1 1 0 )
1 1 1 1 -1
v
WCK Inv / Quad WCK Inv / Quad
e Shift Byte 1 EE Shift Byte 0
0 0 invert off / 0 0 invert off /
Shift 0 degrees Shift 0 degrees
0 1 invert off / 0 1 invert off /
Shift 90 degrees Shift 90 degrees
1 0 invert on / Shift 180 1 0 invert on / Shift 180
degrees degrees
1 1 invert on / 1 1 invert on /
Shift 270 degrees Shift 270 degrees

Figure 43 — Mode Register 10 (MR10) Definition
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6.10 MODE REGISTER 10 (MR10) (cont'd)

WCK Inversion /Quad Shift

OP[7:4] control whether the internal phase of the WCK clock inputs after internal quarter data rate WCK shall be inverted,
corresponding to a 2 U.I. phase shift for devices that use this method. Otherwise the bits control whether the internal
phase of the WCK clock inputs after internal eighth data rate WCK shall be shifted for devices that use this method. The
bits are used in conjunction with WCK2CK training mode. OP[7:6] on Channel A and OP[5:4] on Channel B are ignored for
a device with WCK/word. The WCK Granularity field of the Vendor ID can be read to determine if device is designed with a
WCK/byte or WCK/word.

WCK2CK Training

OP8 (WCK2CK) enables and disables the WCK2CK alignment training. For details on this training sequence, see the section
on TRAINING.

WCK Ratio

OP9 selects between half data rate and quarter data rate WCK when the DRAM supports both ratios. If the DRAM does not
support both ratios then WCK ratio is a do not care. WCK frequency ratios support can be determined from the WCK Ratio
field of the Vendor ID1.

WCK Termination
OP[11:10] define the (single ended) termination value for the on-die termination (ODT) for WCK.

The termination is disabled by default and can be set to a value of 60 Ohm or 120 Ohm depending on the system
conditions. The WCK termination may also be turned off.

Input Reference Voltage for CA and CABI_n Pins and VREFC Offset

The reference voltage for the CA bus (VREFC) can be supplied via the external VREFC pin or be generated internally as
illustrated in Figure 44. The selection is made with the rising edge of RESET_n: the device selects internal VREFC with a
default level of 0.7 x Vppq When the VREFC pin is pulled LOW in the system; otherwise external VREFC is selected. GDDR6

also provides the capability to offset the internal VREFC by use of the VREFC offset bits OP[3:0]. The offset step values
may be non-linear and will vary across DRAM vendors and across PVT.

Half VREFC mode enables the VREFC level to be adjusted when the CA bus operates without termination. When bit OP6 in
MR?7 is set to '1’, a level of nominally 0.5 x Vppq is generated. The maximum operating frequency for this mode is defined

by fckvrerc2- A Half Vrerc mode reference voltage change requires tyrerc, to settle. The programmable VREFC offset is not
available in Half VREFC mode.
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6.10 MODE REGISTER 10 (MR10) (cont'd)

CA[9:0],

CABI n & >
[ VREFC Offsets
0.7 x Vppg Half
@ o o VREFC
I—o (MR?7 OP6)
0.5 x Vbppg
& f"l
= 0
VREFC X O [ VREFC
0: Vrerc= Vss Source
1: Vrerc> 0.3 x Vbpo
> D Q
RESET n[X

Figure 44 — VREFC Options
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6.11 MODE REGISTER 11 (MR11)

Mode Register 11 controls operating modes such as PASR Row Segment Mask and PASR 2-Bank Mask as shown in Figure
45. The register is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 1011.

M3 | M2 | M1 | M0 |OP11|OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
PASR Row Segment
110 |1 1 Mack © PASR 2-Bank Mask
8 Gb 12 Gb 16 Gb 24 Gb 32Gb
OP11|OP10| OP9 | OP8 | PASRRow
& R[13:12] | R[13:12] | RI[13:12] TBD TBD
X X X 1 Segment 0 0
X X 1 X Segment 1 o1
X 1 X X Segment 2 10
1 X X X Segment 3 1
OP[11:0] PASR Mask (all bits)
0 Refresh enabled (= unmasked, default)
1 Refresh blocked (= masked)
X “Don’t Care” for the particular segment or banks
\ 4
OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO 2-Bank Mask
X X X X X X X 1 Bank 0 and 1
X X X X X X 1 X Bank 2 and 3
X X X X X 1 X X Bank 4 and 5
X X X X 1 X X X Bank 6 and 7
X X X 1 X X X X Bank 8 and 9
X X 1 X X X X X Bank 10 and 11
X 1 X X X X X X Bank 12 and 13
1 X X X X X X X Bank 14 and 15

Figure 45 — Mode Register 11 (MR11) Definition
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6.12 MODE REGISTER 12 (MR12)

Mode Register 12 controls operating modes such as VDDQ off, PRBS, P2BR Address and also has register fields that are
reserved for future features. The register is programmed via the MRS command with M[3:0] = 1100.

M3 M2 M1 MO | OP11 | OP10 | OP9 | OP8 | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 OPO‘

P2BR |VDDQ
1 1 0 0 RFU PRBS Addr | OFF
oP2 PRBS OP1 P2BR Address OPO VDDQ OFF
0 Disabled / optional 0 LSB (BAO) “Don’t Care” 0 Disabled
1 Enabled / optional 1 MSB (BA3) “Don’t Care” 1 Enabled

Figure 46 — Mode Register 12 (MR12) Definition

VDDQ OFF

OP1 enables and disables the optional Hibernate Self Refresh with VDDQ Off feature. The VDDQ Off bit must be set on
both channels before entering Hibernate Self Refresh. For details on the sequence, see the Hibernate Self Refresh section.

P2BR Address

OP1 selects between LSB bank address, BAQ, as “Don't Care” for REFp2b and MSB bank address, BA3, as “"Don‘t Care” for
REFp2b. P2BR Address is an optional register as MSB is an optional feature with only LSB “Don’t Care” required to be
supported. In the case the device only supports LSB “Don’t Care” the programming of this register will be ignored. Support
for MSB and the P2BR Address register is determined using the Vendor ID (ID2). For details see the PER-BANK REFRESH
(REFpb) and PER-2-BANK REFRESH (REFp2b) Commands section.

PRBS

OP2 controls the optional PRBS feature. When enabled, the EDC hold pattern will be replaced by a pseudo random bit
stream.(PRBS7)

When the feature is enabled, the pseudo random bit stream is driven after tygp. The bit stream may be different any time
the feature is enabled.

register bits MR4 OP[11,3:0] are ignored when PRBS is enabled.
The EDC HR bit (MR2 OP11) bit selects between a full and half data rate bit stream if the device supports both options.

Rev 1.1 / Jul.2021 Confidential 69



”

SK

6.13 MODE REGISTER 13 (MR13)

MR13 is reserved for vendor specific features. The register is programmed via the MRS command with M[3:0] = 1101.

OP11

OP10

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

Reserved for Vendor Specific Features

Figure 47 — Mode Register 13 (MR13) Definition

6.14 MODE REGISTER 14 (MR14)

MR14 is reserved for vendor specific features. MR14 is programmed via the MRS command with M[3:0] = 1110.

Duty Cycle Adjuster (DCA)

M3 M2 M1 MO | OP11 | OP10 OP0 ‘
Reserved for Vendor Specific
1 1 1 0 DCA Features
|

v 4

DQ[7:0], EDCO, BDIO_A DQI[15:8], EDC1, BDI1_A

DQI15:8], EDC1, DBIL_B DQI[7:0], EDCO, DBIO_B

OP11 | OP10 | OP09 | OPO8 or7 OP6 OP5 OP4
0°-90° phase, 90°-180° phase 0°-90° phase, 90°-180° phase
180°-270° phase 270°-0° phase 180°-270° phase 270°-0° phase

0 0 0 0 OFF OFF 0 0 0 0 OFF OFF
0 0 0 1 +1 -1 0 0 0 1 +1 -1
0 0 1 0 +2 -2 0 0 1 0 +2 2
0 0 1 1 +3 -3 0 0 1 1 +3 -3
0 1 0 0 +4 -4 0 1 0 0 +4 -4
0 1 0 1 +5 -5 0 1 0 1 +5 -5
0 1 1 0 +6 -6 0 1 1 0 +6 -6
0 1 1 1 +7 -7 0 1 1 1 +7 -7
1 0 0 0 -7 +7 1 0 0 0 -7 +7
1 0 0 1 -6 +6 1 0 0 1 -6 +6
1 0 1 0 -5 +5 1 0 1 0 -5 +5
1 0 1 1 -4 +4 1 0 1 1 -4 +4
1 1 0 0 -3 +3 1 1 0 0 -3 +3
1 1 0 1 -2 +2 1 1 0 1 -2 +2
1 1 1 0 -1 +1 1 1 1 0 -1 +1
1 1 1 1 OFF OFF 1 1 1 1 OFF OFF

Figure 48 — Mode Register 14 (MR14) Definition

OP[11:4] control the operation of the duty cycle adjuster (DCA). The DCA can be used to cancel out a static duty cycle error on the WCK clocks. For more
details see Duty Cycle Adjuster (DCA) in section entitled OPERATION.
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6.15 MODE REGISTER 15 (MR15)
Mode Register 15 controls CA training mode (CADT) and access to Mode Registers 0 to 14 (MRE) as shown in Figure 49.

The register is programmed via the MODE REGISTER SET (MRS) command with M[3:0] = 1111.

Mode Register 15 is a special register that latches data on both edges but only evaluates the rising edge of CK. Therefore
nothing is evaluated by the device on the falling edge of CK as shown in Figure 49. Increased CA setup and hold times are
assumed to ensure the MRS command to this register is successful while CA training (CADT) has not taken place and the
integrity of the DDR CA may not be guaranteed.

M3 | M2 | M1 | M0 |OP11{OP10| OP9 | OP8 | OP7 | OP6 | OP5 | OP4 OP1 | OPO

I P!

CADT MREB | MREA

; -

—_
—
—_
—

OP3 | OP2 Command Address Training (CADT) oPo | MRS Ctﬁahrfri(}-gdkm
0 | o Off
0 | 1 | Train CA[9:0] Rising edge of CK using CAT 0 | MRSnotblocked
1 0 | Train CA[9:0] Falling edge of CK using CAT 1 MRS blocked
1 1 Train CABI_n using CAT v
= [
0 MRS not blocked
1 MRS blocked

Figure 49 — Mode Register 15 (MR15) Definition

Command Address Training (CADT)
Command Address training mode is controlled by OP[3:2]. See Command Address Training section for details.

Mode Register 0-14 Enable (MRE)

MRE function allows for the individual configuration of two devices sharing a common CA bus. The function utilizes the fact
that in such a configuration the CA inputs of channel A of the first device are shared with the CA inputs of channel B of the
second device. The default is to issue MRS to both devices. OP0 is evaluated by channel A only and ignored by channel B.
With OP0O = 1 any MRS command to registers MR0O to MR14 is blocked as shown in Figure 50. OP1 is evaluated by channel
B only and ignored by channel A. With OP1 = 1 any MRS command to registers MRO to MR14 is blocked as shown in Figure
50.
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6.15 MODE REGISTER 15 (MR15) (cont’d)

CHA+CHB

Mode Registers Accessible

(MR15 OP[1:0] = 00)

CHA CHB
MRO MRO
to to
MR14 MR14
MR15 MR15

CHA

Mode Registers Accessible

(MR15

OP[1:0] = 10)

CHA CHB

MRO
to

MR14

MR15 [MR15]

Figure 50 — Mode Register Enable

CHB
Mode Registers Accessible
(MR15 OP[1:0] =01)

CHA CHB
MRO
to
MR14
[MR15| MR15
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7. OPERATION

7.1 COMMANDS

Table 25 — Truth Table - Commands

CKE_n
FUNCTION SYMBOL | Clock | Previpus | Cameont
Cycle (n-1) (n) CA10 | CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CA0 | NOTES
R L L H H v v v v v v v A%
NO OPERATION (NOP) (1) NOP 1,10
F H H \ \ \ \ \ \ \ \
R L L H H v v A% A% A% A% A% A%
NO OPERATION (NOP) (2) NOP 1,10
F H L) A% v v v v \Y% v v
R L L H IL \ \ \ \ \ \ \ \
NO OPERATION (NOP) (3) NOP 1,10
F H H \ \ \ \ \ \ \ \
R L L H L) M3 M2 M1 MO or3 or2 Oor1 Oro
MODE REGISTER SET MRS 1,23
F H L OP11 | OP10 | OP9 OP8 or7 | OP6 OP5 OP4
R L L IL A% BA3 BA2 BA1 BAO R3 R2 R1 RO
ACTIVATE (Select bank & ACT (R14) 1,24
activate row)
F R13 R12 R11 R10 R9 R8 R7 R6 R5 R4
READ (Select bank, column & R L L H H | BA3 | BA2 | BAL | BAO | C3 2 C1 Co
tart burst ’ RD 1,2,56
start burst) F IL H IL IL \ IL CE C6 C5 C4
R L L H H BA3 BA2 BA1 BAO C3 Cc2 C1 Co
READ with Autoprecharge RDA 1,2,56
F IL H IL IL \ H CE C6 C5 C4
R L L H H B3 B2 B1 BO D3 D2 D1 DO
Load FIFO LDFF 1,28
F 1L, H H 1L, D9 D8 D7 D6 D5 D4
R L L H H v A% A% v A% A% v v
READ Training RDTR 1,26
F IL H H H \ IL CE \ \ \
WRITE without Mask (Select R L L H H | BA3 | BA2 | BA1 | BAO | C3 C2 c1 Co
WOM 1,256
bank, column, & start burst) F L L L L v L CE c6 Cc5 ca
i i R L L H H BA3 BA2 BA1 BAO c3 C2 C1 Cco
\AVRtITE w;:hout Mask with WOMA 1,2,5,6
utoprecharge F IL IL IL IL \ H CE C6 C5 C4
Cycle 1R L L R H H BA3 BA2 BA1 BAO C3 c2 C1 co
WRITE with double-byte mask WDM F E L L H L v L CE Co G5 C4 1256
WDM) S a
( Cycle 2R i H H BST7 | BST6 | BST5 | BST4 | BST3 | BST2 | BST1 | BSTO
F R H H BST15 | BST14 | BST13 | BST12 | BST11 | BST10 | BST9 | BST8
Cycle 1R L L v H H BA3 BA2 BA1 BAO c3 C2 C1 Cco
E
WRITE with double-byte mask | 1vpna F D L L H L v H CE Co <5 ¢ s
ith Autoprecharge s
wi P & Cycle 2R H H BST7 | BST6 | BST5 | BST4 | BST3 | BST2 | BST1 BSTO
F H H BST15 | BST14 | BST13 | BST12 | BST11 | BST10 | BST9 | BST8
Cycle 1R L L H H BA3 BA2 BA1 BAO C3 Cc2 C1 Co
F IL IL IL H \ IL CE (@3 C5 C4
Cycle 2R H H ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | ByteO
BST7 | BST6 | BST5 | BST4 | BST3 | BST2 | BST1 | BSTO
WRITE with single-byte mask WSM F H H | ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | 1 5 5 ¢
BST15 | BST14 | BST13 | BST12 | BST11 | BST10 | BST9 | BST8
Cycle 3R H H Bytel | Bytel | Bytel | Bytel | Bytel | Bytel | Bytel | Bytel
BST7 | BST6 | BST5 | BST4 | BST3 | BST2 | BST1 | BSTO
F H H Byte1l | Bytel | Bytel | Bytel | Bytel | Bytel | Byte1l | Bytel
BST15 | BST14 | BST13 | BST12 | BST11 | BST10 | BST9 | BST8
Cycle 1R L L BA3 BA2 BA1 BAO C3 c2 C1 co
F IL IL IL H \ H CE (€3 C5 C4
Cycle 2R ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | ByteO
BST7 | BST6 | BST5 | BST4 | BST3 | BST2 | BST1 | BSTO
WRITE with single-byte mask WSMA F H H | ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | ByteO | 1 5 5 ¢
with Autoprecharge BST15 | BST14 | BST13 | BST12 | BST11 | BST10 | BST9 | BSTS | '~
Cycle 3R H H Bytel | Bytel | Bytel | Bytel | Bytel | Bytel | Bytel | Bytel
BST7 | BST6 | BST5 | BST4 | BST3 | BST2 | BST1 BSTO
F H H Bytel | Bytel | Bytel | Bytel | Bytel | Bytel | Bytel | Bytel
BST15 | BST14 | BST13 | BST12 | BST11 | BST10 | BST9 | BST8
. R L L H H \ \ \ \ \ \ \ \
WRITE Training WRTR 1,26
F 1L, 1L, H H \ 1L, CE \ \ \
R L L H 1L, BA3 BA2 BA1 BAO A% A% A% v
PRECHARGE (per bank) PREpb 12,9
(Deactivate row in a bank) F L L v v v L v v v v
PRECHARGE (all banks) R L L H L v v v v v v v v
- 1 PREab 1,2
(Deactivate row in all banks) F L L v v v H v v v v
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Table 25 — Truth Table - Commands

CKE_n
FUNCTION SYMBOL | Clock | “iovipes | Cament
Cycle (1) tm | CA10 | CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CA0 | NOTES
PER-BANK / PER-2 BANK REFpb / R L L H L BA3 BA2 BA1 BAO v v v v 127
,2,7,9
REFRESH REFp2b F L H A4 A4 A4 L A4 A4 A4 A4
R L L H L v v v v v v v v
REFRESH (all banks) REFab 1,27
F L H v v v H v v v v
R L H R H H v v v v v v v v
POWER DOWN ENTRY PDE 1,2
F E H H v v v v v v v v
R H L ; H H v v v v v v v v
POWER DOWN EXIT PDX 1,2
F R H H v v v v v v v v
R L H v H L v v v v v v v v
SELF REFRESH ENTRY SRE E 1,27
F D L H v v v v v v v v
R H L H H v v v v v v v v
SELF REFRESH EXIT SRX 1,2
F H H v v v v v v v v
COMMAND ADDRESS CAT R L H v v v v v v v v v v 12
TRAINING CAPTURE F v v v v v v v v v v ,

NOTE 1 H = Logic HIGH Level; L = Logic LOW Level; V = Valid, signal may be H or L, but not floating; R, F = Rising, Falling CK clock edge

NOTE 2 Values shown for CA[9:0] are logical values; the physical values are inverted when Command/Address Bus Inversion (CABI) is enabled
and CABI_n=L.

NOTE 3 M[3:0] provide the Mode Register address (MRA), OP[11:0] the opcode to be loaded.

NOTE 4 BA[3:0] provide the bank address, R[(14), 13:0] provide the row address.

NOTE 5 BA[3:0] provide the bank address, C[6:0] provide the column address; no sub-word addressing within a burst of 16. BST[15:0] provide
the write data mask for each burst position with WDM(A) and WSM(A) commands.

NOTE 6 CE (Channel Enable) is intended for PC mode. The command is active when CE = H. When CE = L the array access is suppressed.
In two channel mode CE shall be driven HIGH.

NOTE 7 The command is Refresh (all banks) or Per-Bank / Per-2-Bank Refresh when CKE_n(n) = L and Self Refresh Entry when CKE_n(n) =
H. The second bit of CA4 selects between Refresh (all banks) and Per-Bank / Per-2-Bank Refresh.

NOTE 8 B[3:0] select the burst position, and D[9:0] provide the data.

NOTE 9 BA[3:0] provide the bank address.

NOTE 10 All three encodings perform the same NOP. NOP (2) and NOP (3) encodings are only allowed during CA Training.
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7.2 COMMAND, ADDRESS and WRITE DATA INPUT TIMINGS

Figure 51 and Figure 52 illustrate the timings associated with the Command and Address input as well as Data input.

| |
tAPW tapw  tas itan  tas itan
! ‘ ' I ] ' I l I

ex 00 0C0C X

O Don't Care

Figure 51 — Command and Address Input Timings

! twck2pQr |
[ " — 9'—M
| WCK2DQI ‘ |
- '9'—>\ |

‘ o tpbw o, tDiPW L

L toivw L Dvw

! \4_'_>\ : ‘u T | :
DQ/DBI_n ‘ ‘
(1 Pin) XXXX | NX ‘

Figure 52 — Data Input Timings

7.3 NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to instruct the device to perform a NOP. This prevents unwanted commands
from being registered during idle or wait states. Operations already in progress are not affected. GDDR6 defines three
encodings for the NOP command, and all three encodings perform the same NOP, NOP (2) and NOP (3) encodings are only
allowed during CA Training.
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7.4 MODE REGISTER SET

The MODE REGISTER SET command is used to load the Mode Registers of the device. M[3:0] select the Mode Register,

and OP[11:0] determine the opcode to be loaded. See MODE REGISTER for a register definition.

The MODE REGISTER SET (MRS) command can only be issued when all banks are idle and no bursts are in progress. The
MRS command cycle time, tygrp, is required to complete the write operation to the Mode Register and is the minimum time

required between two MRS commands. For the CK Termination, CA Termination and CABI registers, tygp is required after
changing the register and a subsequent MRS command. The MRS command to non-MRS command delay, tygp, is required

by the device to update the features, and is the minimum time required from an MRS command to a non-MRS command

excluding NOP.

The value of tygp is less than tygp. The use of the two timing parameter tyrp and tyop allows the controller to schedule a
series of MRS commands more efficiently than with a single timing parameter. However, the same timing is achieved when

only parameter tyqp is taken into account.

MODE REGISTER SET

CKc _— - o~ —
CKE.n 10w | |
I I
cro [/ | \ L\
CA8 _\ | / \ ‘ /
cara) "C
caol T oA X0
| |

M = Mode Register
OP = Opcode

[ ] poNTcaRE

Figure 53 — MRS Command

CKe - — iy Y /Y ‘ 5 /Y 8~ o /
MW\J:\.; \L = \L J L
CK_t 5
cA G:)@@(:ab NO#DCD@OD;:@GS CEQCDCD

tMRD tMoD

Old Setting X Updating Setting X New Setting
A.C.=any command allowed in bank idle state

Figure 54 — Mode Register Set Timings
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7.5 ROW ACTIVATION

Before any READ or WRITE commands can be issued to a bank in the device, a row in that bank must be “opened”. This is
accomplished by the ACTIVATE command (see Figure 55): BA[3:0] select the bank, and R[13:0] or R[14:0] select the row
to be activated. Once a row is open, a READ or WRITE command could be issued to that row, subject to the tycp

specification.

A subsequent ACTIVATE command to another row in the same bank can only be issued after the previous row has been
closed (precharged). The minimum time interval between two successive ACTIVATE commands on the same bank is
defined by tgc. A minimum time, tgas, must have elapsed between opening and closing a row.

A subsequent ACTIVATE command to another bank can be issued while the first bank is being accessed, which results in a
reduction of total row-access overhead. The minimum time interval between two successive ACTIVATE commands on
different banks to different bank groups is defined by trrps. With bank groups enabled, the minimum time interval

between two successive ACTIVATE commands to different banks in the same bank group is defined by tggp, . In all other
cases the interval is defined by tgrps. Figure 56 shows the tgcp and trrp definition.

The row remains active until a PRECHARGE command (or READ or WRITE command with Auto Precharge) is issued to the
bank.

ACTIVATE

enr XXX
ensn - TGO

BA =Bank Address "
R=Row Address |:| DONT CARE

V =Valid (H or L, but not floating)

Figure 55 — ACTIVATE Command

trReD = tRCDRD tRCDWR tRCDRTR tRCDWTR OF tReDLTR, depending on command

Figure 56 — Bank Activation Command Cycle
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7.6 BANK RESTRICTIONS

There may be a need to limit the number of activates in a rolling window to ensure that the instantaneous current
supplying capability of the devices is not exceeded. To reflect the short term capability of the device current supply, the
parameter tgay (four activate window) is defined. No more than 4 banks may be activated in a rolling tgay window.

Converting to clocks is done by dividing teaw (ns) by tck (ns) and rounding up to next integer value. As an example of the
rolling window, if (tpaw/tck) rounds up to 10 clocks, and an ACTIVATE command is issued at clock N, no more than three
further ACTIVATE commands may be issued at clocks N+1 through N+9 as illustrated in Figure 57.

It is preferable that GDDR6 SGRAMs have no rolling activation window restrictions (teaw = 4 * trrp)-

e OO e

/)
< \/ X \/ X \/ X \/ < X \/ X \/ X \/ X \/ >
CA ACT ACT ACT ACT ACT ACT ACT ACT
1\ \ \ /\ x ) \ I \ I \ \
tRRD tRRD tRRD ““®rD | _®RD | RRD
’ tFAW N
traw * 3*tRRD

tRrD = tRRDL O trrDs depending on Bank Groups on/off setting and accessed banks

Figure 57 — trrD and traw
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7.7 WRITE (WOM)

WRITE bursts are initiated with a WRITE command as shown in Figure 58. The bank and column addresses are provided
with the WRITE command and auto precharge is either enabled or disabled for that access with the AP bit (CA4 input
falling edge of CK). If auto precharge is enabled, the row being accessed is precharged after tyg(min) has been met or
after the number of clock cycles programmed in the WR field of MRO, depending on the implementation choice per DRAM
vendor. The length of the burst initiated with a WRITE command is sixteen and the column address is unique for this burst
of sixteen. There is no interruption nor truncation of WRITE bursts. No write data is received, the array write access is
suppressed, and the EDC hold pattern is driven instead of a CRC burst when the CE bit is LOW. In two channel mode CE
shall be driven HIGH.

WRITE

CKec _

CK_t _/\__J

CKE.n 1 oW

CA9

CA8

CA7

CA6

s XX X W)

EN AP

car L XEXC L XR)

DIS AP
WRITE

s XX X

NO WRITE

AP = Auto Precharge

C = Column Address |:| DON'T CARE
BA =Bank Address

V =Valid (H or L, but not floating)
EN AP = Enable Auto Precharge; DIS AP = Disable Auto Precharge
CE = Channel Enable

Figure 58 — WRITE Command

i

WRITE timings are shown with DDR WCK ratio in Figure 59. During WRITE bursts, the first valid data-in element must be
available at the input latch after the Write Latency (WL). The Write Latency is defined as WLmrs * tex + twekockpin +

twekock + twekapqr, Where WLmrs is the number of clock cycles programed in MRO, twciockpin is the phase offset between
WCK and CK at the balls when phase aligned at phase detector, tyckock is the alignment error between WCK and CK at the
phase detector, and tyckapqr is the WCK to DQ/DBI_n offset as measured at the DRAM balls to ensure concurrent arrival

at the latch. The total delay is relative to the data eye center averaged over one byte if WCK/byte or double byte if WCK/
word. The maximum skew within a byte is defined by tpgpqr-

The data input valid window, tpp, defines the time region when input data must be valid for reliable data capture at the
receiver for any one worst-case channel. It accounts for jitter between data and clock at the latching point introduced in
the path between the DRAM pads and the latching point. Any additional jitter introduced into the source signals (i.e., within
the system before the DRAM pad) must be accounted for in
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7.7 WRITE (WOM) (cont'd)

the final timing budget together with the chosen PLL/DLL mode and bandwidth. tppy is for DRAM design only and valid on
the silicon die. It is not intended to be measured. tpp,y is defined for the PLL/DLL off and on mode separately. In the case
of PLL on, tppyw must be specified for each supported bandwidth. In general thpy is smaller than thpy.

The data input pulse width, tpipy, defines the minimum positive or negative input pulse width for any one worst-case
channel required for proper propagation of an external signal to the receiver. tppyy is for DRAM design only and valid on
the silicon die. It is not intended to be measured. tppyy is independent of the PLL/DLL mode. In general tpipyy is larger
than tDIVW'

Upon completion of a burst, assuming no other WRITE data is expected on the bus the DQ and DBI_n signals will be driven
according to the ODT state. Any additional input data will be ignored. Data for any WRITE burst may not be truncated with
a subsequent WRITE command.

Data from any WRITE burst may be concatenated with data from a subsequent WRITE command. A continuous flow of
data can be maintained. The first data element from the new burst follows the last element of a completed burst. The new
WRITE command should be issued after the previous WRITE command according to the tcp timing. If that WRITE

command is to another bank then an ACTIVATE command must precede the WRITE command and tgcpywr also must be
met.

A READ can be issued any time after a WRITE command as long as the internal turn around time tyy1r is met. If that READ
command is to another bank, then an ACTIVATE command must precede the READ command and tgcprp also must be
met.

A PRECHARGE can also be issued after tjyg has been met. After the PRECHARGE command, a subsequent command to the
same bank cannot be issued until tpp is met.

The data inversion flag is received on DBI_n. If DBI_n is LOW the data is stored after inversion and not inverted if DBI_n is
HIGH. WRITE Data Inversion can be enabled (OP9 = 0) or disabled (OP9 = 1) using WDBI in MR1.

When enabled by the WRCRC flag in MR4, EDC data are returned to the controller with a latency of (WLmrs + CRCWL) *
tek + twekackpin + twekack + twekopgor Where CRCWL is the CRC Write latency programmed in MR4 and tyckapqo is the
WCK to DQ/DBI_n/EDC phase offset at the DRAM balls. GDDR6 supports both a Full data rate and Half data rate EDC as

described in the EDC section.
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7.7 WRITE (WOM) (cont'd)

\4—” tWCKZCKPIN + twckeck

|
L U A U 0 U 0 U A WA U A0 W AR W AR O
WCK_c () () () () () () () () ()

\
Case 1: Negative tywckopgr ‘
\

‘4—>‘ twek2par
DQ@EL_HI; mm [{p2 J{D3 J{D4 [ D5 || D6 | D7 [ D8 J Do XXDwXXDuXXDuX)(DBXXDMw
\

» tDQDQI(mm)

DQ/DBLn wm X)(Dz {p3 J{p4 [{ s J{ D6 J{ D7 [ s [ D9 XXDlOXXDllWDlZ)O(Dl?;XXDMw

(first bit)

—P‘ <« tDQDQI(maX)

DQ/DBLn XWXDl o2 J[ps J[o4 J[os J[os JTo7 J[os JToo Jioreorffoiffous]fomd e

(last bit)

Case 2: Positive twckapor

4—> twckepor

DQ/DBLn | mm T[o2 J{ps Jo4 Jos JToe Jo7 [os oo XXDlOXXDllXXDlZXXDlSXXDMX)mX:

(mean)

‘ —N N— tDQDQI(min)

DQ/DBLn wm Jip2 {3 J{D4 [ D5 J{ Ds J{D7 [ Ds J{Do XXDlOXXDl]XXDlZXXDBXXDMM

(first bit)

‘ -P‘ '¢— tpopgi(max)

DQ/DBI_n X)@(Xm J{D2 J[ D3 J{p4 f{ D5 J{ D | D7 { D8 J{Do XXDlOXXDllXXDlZXXDBXXDMm

(last bit)

[J Don't Care

1) WLmrs is the WRITE latency programmed in Mode Register MRO.
2) Timings are shown with positive tywcxaockxpiv and twekack values. See WCK2CK timings for

twekackpin and twckock ranges.
3) twckapgr parameter values could be negative or positive numbers, depending on PLL-on or PLL-off mode
operation and design implementation. They also vary across PVT. Data training is required to determine

the actual tyckopgr value for stable WRITE operation.
4) tpgpar defines the minimum to maximum variation of twckopgr within a single byte or double byte.

5) Data Read timings are used for CRC return timing from WRITE commands with CRC enabled.

Figure 59 — WRITE Lane Timings
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7.7

WCK_t
WCK_c

DBI_n

EDC

Notes:

WCK_t

WRITE (WOM) (cont’d)

WL =WLmrs =6

g

(
)

EDC Hold Pattern

WLmrs = 6 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

. WCK and CK are shown aligned (tycxackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
. For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.
. An ACTIVATE (ACT) command is required to be issued before the WRITE command, and trcpwr must be met.

. twck2pQr twekpo = 0 is shown for illustration purposes.

Figure 60 — Single WRITE without EDC (WCK DDR mode)

7\ - A r 7 /
WCK c - - - - - -
o L e

B L Lisc e b 1 N N N
} } } } } } {( 1 1 1 1 Il Il } } } } } }
DBLn | | | | | Y LARARRE | | | | | | | |
o ol o o I

EDC EDC Hold Pattern 0

)T

| | | |
Notes: 1. WLmrs = 6 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

g W N

. WCK and CK are shown aligned (twcxackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
. For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.
. An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpwg must be met.

. twek2pQr twekpo = 0 is shown for illustration purposes.

Figure 61 —
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7.7 WRITE (WOM) (cont'd)

CK_c -
CK_t

CA

|
| WL=WLmrs=7 |
| | | |
weer OO0 G000
| |
| |
| |

pQ — i ;
| | | |
DBI_n | | | |
| | | |

EDC EDC Hold Pattern  EDC Hold

J\_Pattern

Notes: 1. WLmrs =7 and CRCWL =14 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
. WCK and CK are shown aligned (twckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
. For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.

. An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpwgr must be met.

o W N

- twekepar twekpgo =0 is shown for illustration purposes.

Figure 62 — Single WRITE with EDC (Full data rate)

|
{ (- {
R B B
eoc o i i e L
| | | | | | | | | | | | | | | | | |
| | |

Notes: 1. WLmrs =7 and CRCWL =14 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

WCK and CK are shown aligned (twckacxpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

2.

3. For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.
4. An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpwg must be met.
5.

twck2pQr twekpgo = 0 is shown for illustration purposes.

Figure 63 — Single WRITE with EDC (Half data rate)
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7.7 WRITE (WOM) (cont'd)

Tl4n TI15 TI5n Ti6

|
((
/) ~ /)
WRITE m NOF X ACTn
/\ | I)S | /\ | | /\

WL=WLmrs=7 |

WCK_t 1
WCK_c

DQ

DBIL_n

Notes: 1. WLmrs =7 and tgcpwr = 3 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

. WCK and CK are shown aligned (tyckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
. EDC may be on or off. See figure entitled “Single WRITE with EDC” for EDC Timing.

. For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.

. An ACTIVATE (ACT) command is required to be issued before the WRITE commands, and tgcpywg must be met.

o U W N

. twekzpqr = 0 is shown for illustration purposes.

Figure 64 — Non-Gapless WRITEs

CK_c
CK_t

CA

| tcep=2

WL =WLmrs =2

WL =WLmrs =2

[ [ [ [ [ [ |
R I N NI I L N A Y

DQ

W
.. Dm+15

DBILn W W W W Wy

DBIm ... DBIm+15

Notes: 1. WLmrs =2 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

. WCK and CK are shown aligned (tywcxackpin=0, twciack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

. EDC may be on or off. See figure entitled “Single WRITE with EDC” for EDC Timing.

. For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.

2
3
4. tcep = toeps when bank groups is disabled or the second WRITE is to a different bank group, otherwise tccp=tcepy .-
5
6. An ACTIVATE (ACT) command is required to be issued before the WRITE commands, and tgcpwg must be met.

7

. twckapgr = 0 is shown for illustration purposes.

Figure 65 — Gapless WRITEs
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7.7 WRITE (WOM) (cont'd)

Ta20n Ta21 T2In Ta22

CK_¢
CK_t

CA

WCK_t
WCK_¢

DQ

DBLn

Notes: 1. WLmrs =7 and RLmrs =20 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

2. WCK and CK are shown aligned (tywckacxpin=0, twckzck=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
. EDC may be on or off. See figure entitled “Single WRITE with EDC” for EDC Timing.
. twTr = twrrL, When bank groups is enabled and both WRITE and READ access banks in the same bank group, otherwise tyr=twTrs-

. For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.

[< NS, N S M)

. An ACTIVATE (ACT) command is required to be issued before the READ and WRITE commands, and tgrcprp Or trepwr - respectively,
must be met.

7. twckepQr twekpQo = 0is shown for illustration purposes.

Figure 66 — WRITE to READ

CK_c —
CK_t

CA

WCK_t
WCK_c

DQ

DBI_n

Notes: 1. WLmrs =7 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
2. WCK and CK are shown aligned (twcgackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3. EDC may be on or off. See figure entitled “Single WRITE with EDC” for EDC Timing.
4. For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.
5. An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpwg must be met.
6. twckapqr = 0 is shown for illustration purposes.
7. If auto precharge is enabled with the WRITE command, the precharge is initiated at the earliest possible time an explicit PRECHARGE would be allowed.

Figure 67 — WRITE to PRECHARGE
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7.8 WRITE DATA MASK (DM)

The traditional method of using a DM input for WRITE data mask must be abandoned for a new method. Due to the high
data rate, bit errors are expected on the interface and are not recoverable when they occur on the traditional DM input.

In GDDR6 the DM is sent to the SGRAM over the CA bus following the bank/column address cycle associated with the
command, during the NOP commands between the WRITE command and the next command. The DM is used to mask the
corresponding data according to the following table.

Table 26 — DM State

DM
FUNCTION Value DQ
Write Enable 0 Valid
Write Inhibit 1 X

Two additional WRITE commands that augment the traditional WRITE Without Mask (WOM) are required for proper DM
support. The WOM command should be consulted for general WRITE operation and Table 49 should be consulted for
timing differences between the 2 additional WRITE commands. The two additional WRITE commands may need an
internal Read-Modify-Write if they follow another WRITE command to the same bank. See the detailed description and
timing differences in Section 0.30 and Table 49. The commands for proper DM support are:

* WDM: WRITE-With-Doublebyte-Mask:

2 cycle command where the 1st cycle carries command and address information and the 2nd cycle carries data mask
information (2 byte granularity);

WDM
D G G G G
i a— 0 (a

CA9

o
i

CA8

CA7

CA6

CA5

-

Nor
<
AP = Auto Precharge

C=Column Address  CE = Channel Enable l:l DON'T CARE
BA =Bank Address

DM = Data Mask

V =Valid (H or L, but not floating)

EN AP = Enable Auto Precharge; DIS AP = Disable Auto Precharge

Figure 68 — WRITE-With-Doublebyte-Mask Command

CA4

Q

CA3

CA[2:0]

OB EeD 1
@3
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7.8  WRITE DATA MASK (DM) (cont'd)

Burst
DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQ8
DQY

DQ10
DQI1
DQI12
DQ13
DQl4
DQ15

o0 =<od

=]

Burst
DQO
DQI
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQ8
DQY

DQI0
DQI1
DQI2
DQI3
DQIl4
DQ15

on <o

=)

Burst
DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQ8
DQY
DQ10

DQI1
DQI2
DQI13
DQ14
DQI5

on~=<0od

=}

Table 27 — WDM Mapping x16 mode

Byte and Burst Position Masked During WDM

2nd Cycle Rising Edge of CK 2nd Cycle Falling Edge of CK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

CAO0 CA1 CA2 CA3 CA4 CA5 CA6 CA7 CAO0 CA1 CA2 CA3 CA4 CA5 CA6 CA7
Table 28 — Example WDM x16 mode
Byte and Burst Position Masked During WDM
2nd Cycle Rising Edge of CK 2nd Cycle Falling Edge of CK
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
Data out from Example WDM
1st Cycle Data

0 1 2 3 4 5 6 7 8 | 9 J 1o ] ] 2] 13] 1] 15
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data Masked
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
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7.8

Burst
DQO
DQI
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQ8
DQY

DQI0
DQI1
DQI2
DQI3
DQl4
DQI5

o on=<ol

o0 =<od

-

Burst

DQO
DQI
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQ8
DQY
DQI0
DQI1
DQI2
DQI3

1 DQ14

DQI5

o omno~=<0od

on~=<0od

Burst

DQO
DQI1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQ8
D DQY
e DQI0
i DQI1
€ DQI2
DQI3

1 DQI4

DQ15

on~=<0od

o

WRITE DATA MASK (DM) (cont'd)

Table 29 — WDM Mapping x8 mode

Byte and Burst Position Masked During WDM

2nd Cycle Rising Edge of CK

2nd Cycle Falling Edge of CK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
CAO0 CA1l CA2 CA3 CA4 CA5 CA6 CA7 CAO0 CA1l CA2 CA3 CA4 CA5 CA6 CA7
CAO0 CA1 CA2 CA3 CA4 CA5 CA6 CA7 CAO0 CA1 CA2 CA3 CA4 CA5 CA6 CA7

Table 30 — Example WDM x8 mode
Byte and Burst Position Masked During WDM
2nd Cycle Rising Edge of CK 2nd Cycle Falling Edge of CK

0 1 2 B 4 5 6 7 8 9 10 11 12 13 14 15

0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Data out from Example WDM
1st Cycle Data

0 1 2 3 4 5 6 7 8 9 [ 10 | 1 | 12 ] 18] 147 15
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data Masked
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data

Masked
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
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7.8  WRITE DATA MASK (DM) (cont'd)

CKc — —\
CK_t ~

I
tcep=2

|
CA X WDM m WDM n NOP NOP NOr NOr
— —

WL =WLmrs =2 WL =WLmrs =2

L
Dm ... Dm+15

N R N

Notes: 1. WLmrs =2 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
. EDC may be on or off. See figure entitled “Single WRITE with EDC” for EDC Timing.
. tcep = teeps when bank groups is disabled or the second WRITE is to a different bank group, otherwise tccp=tcepy.-

. For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.

. An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpwg must be met.

N @ ok W N e

twckapgr = 0 is shown for illustration purposes.

Figure 69 — WDM Timing

. WCK and CK are shown aligned (twcgockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
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7.8  WRITE DATA MASK (DM) (cont'd)

® \WSM: WRITE-With-Singlebyte-Mask:

3 cycle command where the 1st cycle carries command and address information and the 2nd and 3rd cycle carry data

mask information (byte granularity);

CK_c

CK_t
CKE_n

CA9

CA7

CA6

CA4

CA3

CA[2:0]

%

-

Oow

.

L

®
&3
@
g

%

EXTIDENITIDEN T
o am—a < <
eSS GS

C=Column Address  CE = Channel Enable l:l DON'T CARE
BA = Bank Address

DM = Data Mask

V= Valid (H or L, but not floating)

EN AP = Enable Auto Precharge; DIS AP = Disable Auto Precharge

BGEaae

Figure 70 — WRITE-With-Singlebyte-Mask Command
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7.8

WRITE DATA MASK (DM) (cont'd)

Table 31 — WSM Mapping x16 mode

Byte and Burst Position Masked During WSM

2nd Cycle Rising Edge of CK

2nd Cycle Falling Edge of CK

3rd Cycle Rising Edge of CK

3rd Cycle Falling Edge of CK

Burst

0 1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

0 1 2 3 4 5 6

8

9 10 11 12 13 14 15

DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6

DQ7

CAO | CA1| CA2| CA3 | CA4 | CA5 [ CA6 | CA7

DQ8
DQY
DQI0
DQI1
DQI2
DQI13
DQI4
DQI15

CA7

CAO | CA1| CA2| CA3 | CA4 | CA5 | CA6 | CA7

Table 32 — Example WSM x16 mode

Byte and Burst Position Masked During WSM

2nd Cycle Rising Edge of CK

2nd Cycle Falling Edge of CK

3rd Cycle Rising Edge of CK

3rd Cycle Falling Edge of CK

Burst

0 1 2 3 4 5 6 7

8 9 10 | 11 | 12 | 13 | 14 | 15

0 1 2 3 4 5 6

8

9 10 | 11 | 12 | 13 | 14 | 15

DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7

DQ8
DQ9
DQI10
DQI1
DQI2
DQI3
DQl4
DQI5

Data output from Example WSM

1st Cycle Data

Burst

of1]a]s]a]s]s]>

8 9 10 | 11 12 | 13 | 14 | 15

DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6

DQ7

Masked

Data | Data | Data | Data | Data | Data | Data | Data

Data | Data | Data | Data | Data | Data | Data | Data

Data | Data | Data | Data | Data | Data | Data | Data

Data | Data | Data | Data | Data [ Data | Data | Data

Data | Data | Data [ Data | Data | Data [ Data | Data

Data | Data | Data | Data | Data | Data | Data | Data

Data | Data | Data | Data | Data [ Data | Data | Data

Data | Data | Data | Data | Data | Data | Data | Data

DQ8

Data | Data | Data | Data | Data | Data | Data | Data

DQ9

Data | Data | Data [ Data | Data | Data | Data | Data

DQI0

Data | Data | Data | Data | Data [ Data | Data | Data

DQI1

Data | Data | Data | Data | Data | Data | Data | Data

DQ12

Data | Data | Data | Data | Data | Data | Data | Data

DQ13

Data | Data | Data | Data | Data | Data | Data | Data

DQ14

Data | Data | Data | Data | Data | Data | Data | Data

DQI5

Data | Data | Data [ Data | Data | Data | Data | Data

Masked
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WRITE DATA MASK (DM) (cont'd)

Table 33 — WSM Mapping for x8 mode

Byte and Burst Position Masked During WSM for x8 mode device

2nd Cycle Rising Edge of CK

2nd Cycle Falling Edge of CK

3rd Cycle Rising Edge of CK

3rd Cycle Falling Edge of CK

Burst§ 0 1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

o1 J2]3]a[s5]6]7

sJoJuw[nje]Blu]s

DQO
DQI1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7

CAO | CA1| CA2 | CA3 | CA4 [ CA5 | CA6

CA7Q CA0

CA1 | CA2| CA3 | CA4 | CA5 [ CA6 | CA7

Table 34 — WSM Mapping for x8 mode

Byte and Burst Position Masked During WSM for x8 mode device

2nd Cycle Rising Edge of CK

2nd Cycle Falling Edge of CK

3rd Cycle Rising Edge of CK

3rd Cycle Falling Edge of CK

Burst

o1 J2]3]as]s5]6]7

sJoJw[n]jre]B[u]s

0 1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

DQ8
DQ9
DQI10
DQI11
DQI12
DQI13
DQl4
DQI15

CA1 [ CA2 | CA3 | CA4 | CA5 [ CA6 | CA7

CAO [ CA1 | CA2 | CA3 | CA4 | CA5 [ CA6 | CA7

Table 35 — Example WSM

Byte and Burst Position Masked During WSM for x8 mode device
2nd Cycle Rising Edge of CK 2nd Cycle Falling Edge of CK 3rd Cycle Rising Edge of CK 3rd Cycle Falling Edge of CK

Bustf o [ 1 |23 ]a]s]e]7fs]o]Jo]jun]jr]B]u]s o[1J2]3[a[s5JeJ7zfs[oJwo[ufr]B]u]s

DQO
p DQ1
e pQ2
! pw
SO IR0 IR B T I B B U A R R R
¢ pos
0 DQ6

DQ7

Byte and Burst Position Masked During WSM for x8 mode device
2nd Cycle Rising Edge of CK 2nd Cycle Falling Edge of CK 3rd Cycle Rising Edge of CK 3rd Cycle Falling Edge of CK
Bustf o J1 J2[3Ja[sJe[7s]oJwo[u[r]B]u]s o J1J2]3]a]s]e]7fs]oJwo]jun|jr]B]u]s
DQ8
D bQ9
e DQI0
i P o oo ool ofola|aa]ala]a]1]n
c DQI2
¢ DQI3
1 DQl4
DQI5
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7.8  WRITE DATA MASK (DM) (cont'd)

Data output from Example WSM x8 mode

1st Cycle Data

Burle|l|2|3|4|5|6|78910 1 | 12 | 13 [ 14 | 15

DQO Data [ Data | Data | Data [ Data | Data | Data | Data

DQ1 Data | Data | Data | Data | Data | Data [ Data | Data

DQ2 Data | Data | Data | Data | Data | Data | Data | Data

DQ3 Data | Data | Data | Data | Data | Data | Data | Data
Masked

DQ4 Data | Data | Data | Data | Data | Data | Data | Data

on~<od

DQ5 Data | Data | Data | Data | Data | Data | Data | Data

[}

DQ6 Data | Data | Data | Data | Data | Data | Data | Data

DQ7 Data | Data | Data | Data | Data | Data [ Data | Data

DQ8 JData | Data | Data | Data | Data | Data | Data | Data

DQ9 JData | Data | Data | Data | Data | Data | Data | Data

DQ10 fData | Data | Data | Data | Data | Data | Data | Data

DQ11 jData | Data | Data | Data | Data | Data | Data | Data

Masked

DQI12 | Data | Data | Data | Data | Data | Data | Data | Data

o0 ~<oT

DQ13 jData | Data | Data | Data | Data | Data | Data | Data

—_

DQ14 fData | Data | Data | Data | Data | Data | Data | Data

DQI15 fData | Data | Data | Data | Data | Data | Data | Data

T7 T7n T8 T8n T9 T14 T14n TI15 T15n Ti6
CK_c - -\

CK_t

o {08 GD CD G0 C0 8
WL WLmrs =7 | | | WL WLmrs =7 | | | )
WCK_t
wmcHHHMMMHHMHHHHMHﬂﬂﬂﬂuﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
DQ
| | | | | |
| | | | | |
DBLn i i i i T T

Notes: 1. WLmrs =7 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

. WCK and CK are shown aligned (tywckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
. EDC may be on or off. See figure entitled “Single WRITE with EDC” for EDC Timing.

. For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.

. An ACTIVATE (ACT) command is required to be issued before the WRITE command, and tgcpywg must be met.

o G R W N

. twckepqr = 0 is shown for illustration purposes.

Figure 71 — WSM Timing
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7.10 READ

A READ burst is initiated with a READ command as shown in Figure 73. The bank and column addresses are provided with
the READ command and auto precharge is either enabled or disabled for that access with the AP bit (CA4 input falling edge
of CK). If auto precharge is enabled, the row being accessed is precharged at a time tgyp after the READ command and

after tgag(min) has been met or after the number of clock cycles programmed in the RAS field of MR5, depending on the

implementation choice per DRAM vendor. The length of the burst initiated with a READ command is sixteen and the column
address is unique for this burst of sixteen. There is no interruption nor truncation of READ bursts. The array read access is
suppressed, no read data and the EDC hold pattern instead of a CRC burst are transmitted when the CE bit is LOW. In two
channel mode CE shall be driven HIGH.

READ

e XX\

cas XXXV
e XX X)

DIS AP
T
READ

en XXX

NO READ

AP = Auto Precharge  CE = Channel Enable l:‘ DON'T CARE
C=Column Address BA =Bank Address

V =Valid (H or L, but not floating)
EN AP = Enable Auto Precharge; DIS AP = Disable Auto Precharge

Figure 73 — READ Command

READ timings are shown with DDR WCK ratio in Figure 74. During READ bursts, the first valid data-out element will be
available after the Read latency (RL). The Read Latency is defined as RLmrs * tex + twekackpin + twekack + twekepqor

where RLmrs is the number of clock cycles programed in MRO, tyckackpin iS the phase offset between WCK and CK at the
balls when phase aligned at the phase detector, tyckack is the alignment error between WCK and CK at the phase
detector, and tycxapqo is the WCK to DQ/DBI_n/EDC offset as measured at the DRAM balls. The total delay is relative to

the data eye initial edge averaged over one byte if WCK/byte or double byte if WCK/word. The maximum skew within a
byte is defined by tpgpqo-

Upon completion of a burst, assuming no other READ command has been initiated, all DQ and DBI_n signals will drive a
value of '1' and the ODT will be enabled at a maximum of 1 tg later. The drive value and termination value may be

different due to separately defined calibration offsets. If the ODT is disabled, the signals will drive Hi-Z.
Data from any READ burst may be concatenated with data from a subsequent READ command. A continuous flow of data

can be maintained. The first data element from the new burst follows the last element of a completed burst. The new
READ command should be issued after the previous READ command according to the tcp timing. If that READ command

is to another bank then an ACTIVATE command must precede the READ command and tycprp also must be met.

Rev 1.1 / Jul.2021 Confidential 94



SK%

7.10 READ (cont'd)

A WRITE can be issued any time after a READ command as long as the bus turn around time tgy is met. If that WRITE
command is to another bank, then an ACTIVATE command must precede the second WRITE command and tgcpwr also
must be met. A PRECHARGE can also be issued with the same timing restriction as the new READ command if tgag is met.
After the PRECHARGE command, a subsequent command to the same bank cannot be issued until tgp is met.

The data inversion flag is driven on the DBI_n pin to identify whether the data is true or inverted data. If DBI_n is HIGH,
the data is not inverted, and if LOW it is inverted. Read Data Inversion can be enabled (OP8 = 0) or disabled (OP8 = 1)
using RDBI in MR1.

When enabled by the RDCRC flag in MR4 EDC data is returned to the controller with a latency of (RLmrs + CRCRL) * tg +
twekackpin + twekack + twekepgo, Where CRCRL is the CRC Read latency programmed in MR4. GDDR6 supports both a Full
data rate and Half data rate EDC as described in the EDC section.
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7.10 READ (cont'd)

ﬂ—} twekeckPIN * twekack

DDR WCK_t
A A W A A WA U A W A WA U A W A
Ratio WCK ¢/ () () (S () () () (A (N ()

Case 1: Negative tywckopgo ‘

|
4—” twck2po

DQ/DBIL_n/EDC
(mean)

|
»' tDQDQO(min)

DQ/DBI_n/EDC mm ‘XXDz T[os o4 Jos J[ o6 [ o7 J[os J oo XXDlOXXDllXXDDXXDBXXDMM

(first bit)

—P} '€~ tpgpgo(max)

DQ/DBI_n/EDC wm T[02 o3 Jo4 J[os [T o6 [ o7 Jos [T o9 leoWDnWDlzXXDBWDMM

(last bit) i
EDC (Half Szt:trlitii; [ o [IEERERERERENR - |
|
Case 2: Positive twckopgo — It
DQ/DBI_n/EDC ‘ WKZDQO
mean) | D1 [{p2 [[p3 D4 J{Ds [ 6 [[ 7 JDs [ Do WDloXXDnXXDuXXDwXXDMw:

‘ —N ‘4— tDQDQO(min)
(2l o1 J 2 Jf D3 f{ D4 J{D5 | Ds [ D7 }{ D8 Ji D9 [[D10[[D11][D12f[D13JfD14 | {R3EY]

DQ/DBI_n/EDC
(first bit) |

| 4 tpopgo(max)

DQ/DBL_n/EDC mm J[p2 '3 [ J[os [ o6 [T o7 JTos I XXD10>0<D11XXD12)O(D13>0<D14M

(last bit)
EDC (Half (d;;t:tr;i)) m pi Jl b2 JJ ps T e ] b5 JI e w
1
[J Don't Care

1) RLmrs is the Read Latency programmed in Mode Register MRO.
2) Timings are shown with positive tycxacxpmv and twekock values. See WCK2CK timings for

twekackpin and twekock ranges.
3) twckopgo parameter values could be negative or positive numbers, depending on PLL-on or PLL-off mode

operation and design implementation. They also vary across PVT. Data training is required to determine
the actual twckopgo value for stable READ operation.
4) tpgpo defines the minimum to maximum variation of tyckopgo Within a byte or double byte.

5) tpgpgo also applies for CRC data from WRITE and READ commands with CRC enabled and the EDC hold pattern.
6) EDC is shown with Full data rate EDC. Half data rate EDC (last bit) is shown separately for comparison.

Figure 74 — READ Lane Timing

Rev 1.1 / Jul.2021 Confidential

96



Sk?'

7.10 READ (cont'd)

CK_c
CK_t

CA

WCK_t
WCK_c

DQ

DBLn

ODT

T21 T2In T22

LA
DBIn

L
DBI n+15

ODT Disabled

ODT Enabled N X

o

¢

EDC EDC Hold Pattern 2{
)T
|

Notes: 1. RLmrs =20 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
2. WCK and CK are shown aligned (twckackpin=0, twckock=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

3. An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.

4. twckapgo = 0 is shown for illustration purposes.

Figure 75 — Single READ without EDC (WCK DDR mode)

WCKt — r r r r r
WCK ¢ - J J 2 2 2
bq ———t——f—F——+— e
| | | | | )|) | | XXX n%nld"nDﬂﬂtz:n XXX[ | | | | |
((
DBI_ ) LA ARAI
R e ot 0 T
ODT ODT Enabled Eg >< ODT Disabled X ODT Enabled
A
| | | | | | | | | | | | | | | | | |
EDC EDC Hold Pattern Eg
)T
[

Notes: 1. RLmrs =20 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
2. WCK and CK are shown aligned (tywcgackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

3. An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.

4. twckapgo = 0is shown for illustration purposes.

Figure 76 —
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7.10 READ (cont'd)

TO T1 « T20 T20n T21 T22n  T23 T24 T24n  T25 T25n  T26 T27

CKe - \, Y VallinY B —\ VallinY r—
CK_t — _ _/
| | | | | | | | | | | | |
CA READ n X NOP N/ QP X NRP X NRP X N/ QP X N/QP X N/ QP X NRP )
I I | I I I I I I I I I
RL =RLmrs =20 | | CRCRL = 4| | | |
| | | |
WCK_t
WeK ¢ MMMWMHHWHHHMMXHWMHMX
| | | (
” v U e s T
I I I I I I I I I I I I I
(( . "
DBLn I I I ) (YY) I I I I I I I I I
I I I I I I I I I I I I I
| EAAREARARAALELAS) EDCTIo
I I
| |

((
EDC EDC Hold Pattern (}

|

|

Notes: 1. RLmrs =20 and CRCRL =4 are shown as examples. Actual supported values will be found in the MR and AC timings sections.
2. WCK and CK are shown aligned (tycxackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

3. An ACTIVATE (ACT) command is required to be issued before the READ command, and trcprp must be met.
4. twckopgo = 0 is shown for illustration purposes.

Figure 77 — Single READ with EDC (Full data rate)

TO T1 « T20 T20n T21 T22n T23 T24 T24n T25 T25n T26 T27
CKe - N\ N\ N\ Y I\ r—
CK_t - -/ -/
I I I I I I I I I I I I I I
(
CA READ n X NOP NOP X NOP X NOP X NOr X NOP X NOP X NOP )
/\ /\ /\ /\ /\ /\ /\
I I I ' I I I I I I I I I I
RL = RLmrs =20 . CRCRL=4 | . | | | | |
| |

e mmmmwmﬂmmmmmm

DQ t 1 T WV W WY
TN s LTI
I I I I I I I I I I I I I
4 4 4 (( | . i | , 4 4 4 4 4 4 4 4 4
DBIn Y T
I I I I I I I I I I I I
EDC EDC Hold Pattern /BEIETRE Pattem

- — I~
AN

Notes: 1. RLmrs =20 and CRCRL = 4 are shown as examples. Actual supported values will be found in the MR and AC timings sections.
2. WCK and CK are shown aligned (twcgockpin=0, twckock=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

3. An ACTIVATE (ACT) command is required to be issued before the READ command, and trcprp must be met.
4. twckopgo = 0 is shown for illustration purposes.

Figure 78 — Single READ with EDC (Half data rate)
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7.10 READ (cont'd)

TO T1 Té6 T12 T12n T15 T15n Ti6 T18 T18n T21 T2In  T22
CK_c -
CK_t
CA I{E//\Prn X { M4 ;
Ve ' | | | | | | | | | | | |
RL-Rimrs—12 | | | | | | | | | | | | |
| | | e N I I | | | | |
WCK_t ( ( (-
O N R NN RNt NN NN Nt R R N TR ReReanaRatNeRIzIRIRARIZIRIRLICILIL]
DQ I I I ()() I I I ()() wuwv!i\vww I ()<) wwwvllwwm I
| | | | | | X X X u?lmn thﬁmnl\Su X X X | X X x 0 Enn'"nliDﬂﬂﬁ 0 X X X [ |
((
PBLn | | I | | | : |
| | | | | | | |

Notes: 1. RLmrs = 12 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
2. WCK and CK are shown aligned (twcgockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
3. EDC may be on or off. See figure entitled “Single READ with EDC” for EDC Timing.
4. tcep = teepr when bank groups are enabled and both READs access banks in the same bank group; otherwise tccp=tccps.
5. An ACTIVATE (ACT) command is required to be issued before the READ commands, and tgcprp must be met.

6. twckopgr = 0 is shown for illustration purposes.

Figure 79 — Non-Gapless READs

TO T1 T2 T3 T10 TiOn TI1 Tlln TI12 Ti2n TI3 Ti3n T14

| tcep |

| |
'RL =RLmrs =10 | I |

ey

DQ

DBI_n

Notes: 1. RLmrs =10 is shown as an example. Actual supported values will be found in the MR and AC timings sections.
. WCK and CK are shown aligned (tywckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

. EDC may be on or off. See figure entitled “Single READ with EDC” for EDC Timing.

2
3
4. tcep = teeps when bank groups are disabled or the second READ is to a different bank group; otherwise tccp=tccpr-
5. An ACTIVATE (ACT) command is required to be issued before the READ commands, and trcprp must be met.

6

. twckepqr = 0 is shown for illustration purposes.

Figure 80 — Gapless READs
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7.10 READ (cont'd)

T21 T2In T22 T28n T29 T29n T30

DQ

| |

I

WCK_t 1 1 1 y | |
e OO O e D O D G O o o oo oo

|

DBLn

Notes: 1. WLmrs =7 and RLmrs = 20 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

2. WCK and CK are shown aligned (tywckackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

3. EDC may be on or off. See figure entitled “Single READ with EDC” for EDC Timing.

4. trrw is not a device limit but determined by the system bus turnaround time. The difference between twck2pgr , twck2po-shall be considered
in the calculation of the bus turnaround time.

o

. For WRITE operations it is important that the latching point meet the data valid window requirements, which may or may not be center aligned at the balls.

=N

. An ACTIVATE (ACT) command is required to be issued before the READ and WRITE commands, and trcpgrp Or trepwr - Tespectively,
must be met.

N

. twekepar twekpgo =0 is shown for illustration purposes.

Figure 81 — READ to WRITE

TO T1 Ta0 Tal Ta2 Ta3 T20 T20n T21 T2In  T22
(
- ())
1/
))

CK ¢ —
CK_t

[\ —

|
(
CA READn NOP y
—/ \_'_K)

trrp

| |
RL = RLmrs =20 |

e T

DQ

DBLn

Notes: 1. RLmrs =20 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

. WCK and CK are shown aligned (twcxockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

. EDC may be on or off. See figure entitled “Single READ with EDC” for EDC Timing.

. An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.

2
3
4. tgyp = trypr, When bank groups are enabled and the PRECHARGE command accesses the same bank; otherwise tgyp = tryps.
5
6. twckapo = 0 is shown for illustration purposes.

7

. If auto precharge is enabled with the READ command, the precharge is initiated at the earliest possible time an explicit PRECHARGE would be allowed.

Figure 82 — READ to PRECHARGE
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7.11 DQ PREAMBLE

DQ preamble is an optional feature for GDDR6 SGRAMs that is used for READ data. DQ preamble conditions the DQs for
better signal integrity on the initial data of a burst.

Once enabled by OP5 in MR7, the DQ preamble will precede all READ bursts, including non-consecutive READ bursts with
a minimum gap of 1 tcg, as shown in Figure 79. When enabled, the DQ preamble pattern applies to all DQs and DBI_n in
a byte, and the same pattern is used for all bytes as shown in Figure 83. DQ preamble is enabled or disabled for all bytes.
The EDC in each byte is not included in the DQ preamble. If ODT is enabled, the ODT is disabled 1 tcx before the start of
the preamble pattern as shown in Figure 84.

The preamble pattern on DBI_n is only enabled if the MR for RDBI is enabled (MR1 OP8). During the preamble DBI_n is
treated as another DQ and the preamble pattern on the DQs is not encoded with RDBI. If RDBI is disabled, then DBI_n
drives ODT.

Byte 0 | Bytel Idle Preamble Burst
DQ7 DQ15 J1|1f{1|1{1|1|1{1jJO0|1/0|1{0|1]0|1fV|V|V]|VH V| VIHV|VVVVYVVYVVYV
DQ6 DQ14 |1|1{1{1{1{1{1{1J1/0|1|0|1{0|1]0QV|V|IV|IVHV|V|VHVVVVVYVYVYVYV
DQ5 DQ13 11| 1| 1|1{1|1|1j0[1|0|1|0[1|0|1]V|V| V|V VIV V|V VHVVVVVVYV
DQ4 DQI12 11| 1| 1|1{1|1|1p1{0|1|0|1{0|1]O0QV|V| V|V VIV V| VHVHVVVVVVYV
DQ3 DQ11 §1{1|1{1{1{1{1|1J0(1|0|1|0|1{0|1]QV]|V|V|HV|VHV|VVVVYVYVYVVVYV
DQ2 DQ10 J1j1f{1|1{1|1|1{1j1{0/1{0(1|O|1|OfV|V|V]VH V| VIHV|VVVVVYVYVVYV
DQ1 DQ9 11111} 1}1{1{1J0|1]0|1{0|1|0]1]V|V|V|HV|V|V|VHVVVVVYVYVYVYV
DQO DQ8 1111} 1{21{1{1J1)0|1]0|1{0|1]0QV|V|IV|IHV|V|V|VHVVVVVYVYVYVYV
DBIOn | DB n | 1(1|1|1|1{1|1]1J0[1/0| 1|01 0|1]V|V|H V|V|VIHVHVVVVVVVVVYV
Max0'sJ 0| 0] 0| O0[0|0|0|0)5|4|5|4|5|4|5(4)4|4|4|4|4|4|4|4|4|4|4|4|4 4|4|4

Time

\

NOTES
1. The number of Max 0’s in the burst is 4 only if RDBI is enabled. Max 0s is on a per byte basis and does not include the EDC.
2.V =Valid signal (H or L, but not floating)

Figure 83 — DQ Preamble Pattern
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7.11 DQ PREAMBLE (cont’d)

T11 Tlln  T12  Ti2n T13 T13n  T14 T15

CK_c
CK_t

CA

SN ENE VRN T A C LI NEREIE IR E e IV RV IR E L TR LRIV R AN ERENENRNE

DQ7, DQ5, | | i i ’) i i | | U\ﬂf\_/ LA AR ARE] [ | [
DQ3, DQ1 Dn .. Dn+5

DO6, DO4, | | | | ( | | | | | I | | |
DQ2, DQO | | | | | | | | | X X X " Fﬂ"i"nlpﬁﬂi n X X X | | |
( (.
DBLn | | | IR | | | (FAVAYAY B A | | |
| | | L 1 | | | | | | | | | | | | |
oDT ODT Enabled ) )|< ODT Disabled MoDT Enabled
T

Notes: 1. RLmrs =12 is shown as an example. Actual supported values will be found in the MR and AC timings sections.

. EDC may be on or off. See figure entitled “Single READ with EDC” for EDC Timing.
. DQ6, DQ7 and DBI are shown to illustrate the DQ preamble pattern. RDBI is Enabled (MR1 OP8=0).
. An ACTIVATE (ACT) command is required to be issued before the READ command, and tgcprp must be met.

N U e W N

. twekepo = 0 is shown for illustration purposes.

Figure 84 — Preamble Timing Diagram

. WCK and CK are shown aligned (twckockpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.
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7.12 RDQS MODE

For device operation at lower clock frequencies the device may be set into RDQS mode in which a READ DATA STROBE
(RDQS) will be sent on the EDC signals along with the READ data. The controller will use the RDQS to latch the READ data.

RDQS mode is entered by setting the RDQS Mode bit OP9 in Mode Register 2 (MR2). When the bit is set, the device will
asynchronously terminate any EDC hold pattern and drive a logic HIGH after tygp at the latest. All features controlled by

MR4 and the PRBS controlled by MR12 OP2 are ignored by RDQS mode.

READ commands are executed as in normal mode regarding command to data out delay and programmed READ latencies.
A fixed clock-like pattern as shown in Figure 85 is driven on the EDC signals in phase (edge aligned) with the DQ. Prior to
the first valid data element, this fixed clock-like pattern or READ preambile is driven for 1 tCK.

No CRC is calculated in RDQS mode, neither for READs nor for WRITEs. The CRC engine is effectively disabled, and the
corresponding WRCRC and RDCRC Mode Register bits are ignored. The PLL/DLL may be on or off with RDQS mode,
depending on system considerations and the PLL/DLL’s minimum clock frequency.

There is no equivalent WDQS mode; WRITE commands to the device are not affected by RDQS mode.

RDQS mode is exited by resetting the RDQS Mode bit. In this case the device will asynchronously start driving the EDC hold
pattern after tyop.

The WCK2CK training should be performed prior to entering RDQS mode.

| I .
AL N N e T e B T
e XHHHHHHL?ZHHHHX?,‘e,HHXmHHH{HHHHWHHUHHHHHX%HHHXH
DQ I B B | R B R R 1 8§ 0S5 00 T L
e | I A T
- LT 20830 L
Y e e N A (N SO NN B
e BRI 0 yyvyvyvyuyvy o el Hold
TEnter RDQS Mode Exit RDQS ModeT

[ ] poNT CARE

1. WCK_t and CK are shown aligned (tywciackpin=0, twckack=0) for illustration purposes. WCK2CK training determines the needed offset between WCK and CK.

2. An ACTIVATE (ACT) command is required to be issued before the READ command, and trcprp must be met.
3. twckapo = 0 is shown for illustration purposes.

Figure 85 — RDQS Mode Timings
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7.13 READ and WRITE DATA BUS INVERSION (DBI)

Data Bus Inversion (DBIdc) reduces the DC power consumption on data signals, as the number of DQ lines driving a LOW
level can be limited to 4 within a byte. DBIdc is evaluated per byte.

There is one DBI_n per byte: DBIO_n is associated with DQ[7:0] and DBI1_n with DQ[15:8].

DBI_n are bidirectional active LOW double data rate (DDR) signals. For Writes, they are sampled by the device along with
the DQ of the same byte. For Reads, they are driven by the device along with the DQ of the same byte.

Once enabled by the corresponding RDBI Mode Register bit, the device inverts read data and sets DBI_n LOW, when the
number of ‘0’ data bits within a byte is greater than 4; otherwise the device does not invert the read data and sets DBI_n
HIGH, as shown in Figure 86.

Once enabled by the corresponding WDBI Mode Register bit, the device inverts write data received on the DQ inputs in
case DBI_n was sampled LOW, or leaves the data non-inverted in case DBI_n was sampled HIGH, as shown in Figure 87.

from 8 8
DRAM ,’ A\ Do
core
/0/
count
>4 DBL_n
from Mode Register:
0 = enabled
1 = disabled

Figure 86 — Example of Data Bus Inversion Logic for READs

8

L A\ to
bQr ! DRAM
core
DBI_n
from Mode Register:
0 =enabled
1= disabled

Figure 87 — Example of Data Bus Inversion Logic for WRITEs

The flow diagram in Figure 88 illustrates the DBIdc operation. In any case, the transmitter (the controller for WRITEs, the
GDDR6 SGRAM for READS) decides whether to invert or not invert the data conveyed on the DQs. The receiver (the GDDR6
SGRAM for WRITEs, the controller for READS) has to perform the reverse operation based on the level on DBI_n. Data
input and output timing parameters are only valid with DBI being enabled and a maximum of 4 data lines per byte driven
LOW.
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7.13 READ and WRITE DATA BUS INVERSION (DBI) (cont'd)

. Logical
Transmitter T
Determine '0’ count
in data byte
l—No @ Yes 1
DBI_n="H’ DBI_n="L’
Don’t invert Invert
data byte data byte
v 4
DBI_n="H’ DBI_n="L’
Don’t invert Invert
data byte data byte

. < Logical >
Receiver input data

Figure 88 — DBI Flow Diagram

DBI_n Special Function Overview

The DBI_n signal has special behavior compared to DQs because of the ability to enable and disable it via MRS. For either

WRITE or READ DBI_n training, both DBI READ and DBI WRITE in MRS must be enabled. The behavior of the DBI_n

signals in various mode register settings is summarized below:

If both DBI READ and DBI WRITE are enabled:

® DBI_n drives DBI FIFO data with RDTR command
® DBI_n FIFO accepts WRTR data with the WRTR command

If only DBI READ is enabled:
® DBI_n drives ODT when not READ or RDTR

If only DBI WRITE is enabled:
® DBI_n always drives ODT (unless RESET_n)

If both DBI READ and DBI WRITE are disabled:
® DBI_n drives ODT (unless RESET_n)
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7.14 ERROR DETECTION CODE (EDC)

The GDDR6 SGRAM provides error detection on the data bus to improve system reliability. The device generates a
checksum per byte lane for both READ and WRITE data and returns the checksum to the controller. GDDR6 supports 2
modes for the EDC with either a 16 bit checksum that runs at same rate as the data (Full data rate EDC) or an 8 bit
checksum that runs at half the rate of the data (Half data rate EDC). Mode Register 2 OP8 selects between the 2 modes
and is undefined at boot. The EDC rate register must be set during the initialization sequence after power up or after a
reset.

The 16 bit checksum of the Full data rate EDC is calculated in two halves based on the 2 halves of the 16 bit burst. The first
8 bits of the checksum, CRC-L, are calculated on burst positions 0 thru 7 and the second half of the checksum, CRC-U, are
calculated on burst positions 8 thru 15. The 8 bit checksum of the Half data rate EDC is calculated on the full 16bit burst
using an XOR of the CRC-L and CRC-U as illustrated in Figure 89.

Based on the checksum, the controller can decide if the data (or the returned CRC) was transmitted in error and retry the
READ or WRITE command. The device itself does not perform any error correction. The features of the EDC are:

® 8 bit checksum on 72 bits (9 bit lanes x 8 bit burst) x 2 for 16bit checksum (Full data rate EDC) or 8 bit checksum on 144 bits (9 bit
lanes x 16 bit burst) for 8 bit checksum (Half data rate EDC)

® dedicated EDC transfer pin per 9 bit lanes (2x per channel)
® asymmetrical latencies on EDC transfer for READs and WRITES

The 8 bit polynomial is 0x83, or X~8+X"2+X~1+1. The starting seed value is set in hardware at “zero”. Table 36 shows
the error detection rate for a variety of error types. All error rates are calculated over the entire BL16 of data.

Table 36 — Error Correction Details

Error Type I%etection Rate Detection Rate

ull data rate Half data rate
Random Single Bit 100 % 100 %
Random Double Bit 100 % 100 %
Random Triple Bit 100 % 99.6 %
Random Quad Bit 99.9 % 99.6 %

Random Odd Count 100 % >99.0 %

Burst <=8 100 % 99.8 %
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7.14 ERROR DETECTION

CRC Data Input

CODE (EDC) (cont’'d)

DQ/DBI bit ordering

DQO 4—»&
pa1 X
pQ2 X
pQ3 X
Dot X
D5 »[X]
DQ6 X
pQ7 X
DBI0_n ¢»[X]

Full data rate
EDC bit ordering

Half data rate
EDC bit ordering

CRC-L

CRC Polynomial

TO Burst 16 Ordering (2 tck) T0+16 U.L
|

o123 |4|5(6]|7]0]1]2]|3|4([5]|]6]7

89 (1011 |12 (13|14 |15 8 (9 |10 |11 |12 [13 |14 |15

16 |17 (18 (19 |20 |21 |22 |23 |16 |17 [18 |19 |20 (21 (22 |23

24 |25 (26 (27 |28 129 (30 |31 (24|25 |26 |27 28 (293031

32133 (34 (3536|3738 (393233343536 |37 (38 |39

40 [ 41 (42 |43 |44 (45 (46 |47 |40 (41 |42 |43 | 44 |45 |46 | 47

48 (49 |50 | 51 (52 |53 |54 [55 (48 |49 |50 (51 (52 |53 | 54 | 55

56 [57 [58 |59 |60 [61 [62 |63 |56 (57 |58 |59 |60 61|62 |63

64 |65 (66 [67 |68 |69 (70 |71 |64 |65 |66 |67 [68 [69 70|71

Burst 8 Ordering (1 tck) Burst 8 Ordering (1 tck)
TO CRC-L TO+8U.L T1 CRC-U T1+8 UL
> >

TO Burst 8 Ordering (2 tck) E+ 16 U.L
Cx0 X X1 X x2 X x3 X x4 X X5 X X6 X X7 >
CRC-HR

Half: Bit wise XOR of the
original CRC7 h-matrix

(see Verilog code) Full

CRC-U
[7:0] | N [7] 7] [6:0]
CRC_L[i] xor CRC_U[i] (i=7-0)
XOR
"/ Y/ Y/
Full data rate [7:0] Half data rate [7:0] Full data rate [15:8]

X8+ X2+X+1=0x83=(X+1) (X +X0+XO+X*+ X3+ X2+1)

Figure 89 — EDC Calculation Matrix
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7.14 ERROR DETECTION CODE (EDC) (cont'd)

The CRC calculation is embedded into the WRITE and READ data stream as shown in Figure 22:

® for WRITEs, the CRC checksum is calculated on the DQ and DBI_n input data before decoding with DBI
® for READs, the CRC checksum is calculated on the DQ and DBI_n output data after encoding with DBI

The bit ordering is optimized for errors in the time burst direction. Figure 89 shows the bit orientation on a byte lane basis.
All '1s' are assumed for DBI_n in the CRC calculation for WRITEs in case WDBI is disabled, and all '1s' are assumed for
DBI_n in the CRC calculation for READs in case RDBI is disabled. The CRC calculation is also not affected by any data mask
sent along with WDM, WDMA, WSM or WSMA commands.

The EDC latency is based on the READ latency for READ data and the WRITE latency for WRITE data. Table 37 shows the
2 timing parameters associated with the EDC scheme.

Mode Register 4 is used to determine the functionality of the EDC pin. OP[10:9] control the device’s CRC calculation
independently for READs and WRITEs. With EDC off, the calculated CRC pattern will be replaced by the EDC hold pattern
defined in Mode Register 4 OP[3:0]. The EDC hold pattern rate is determined by EDC HR bit. See MODE REGISTERS
section for more details.

Table 37 — EDC Timing

Description Parameter Value Units
EDC READ Latency tEDCRL RL + CRCRL tCK
EDC WRITE Latency tEDCWL WL + CRCWL tCK
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7.14 ERROR DETECTION CODE (EDC) (cont'd)

EDC Pin Special Function Overview

The EDC pin is used for many different functions. The behavior of the EDC pin in various modes is summarized in Table 38.

Table 38 — EDC Pin Behavior

Device Status

Device Power-up

Condition EDC Pin Status
RESET_n=LOW Hi-Z
RESET_n = HIGH; no WCK clocks HIGH

RESET_n = HIGH; stable WCK clocks

EDC hold pattern (default ="1111")

WCK is sampled HIGH HIGH
WCK2CK Training
WCK is sampled LOW LOW
EDCinv (MR4 OP11 = 0) EDC hold pattern or PRBS
Idle EDCO: EDC hold pattern or PRBS
EDCinv (MR4 OP11 =1) EDC1: inverted EDC hold pattern or
PRBS
WRCRC on (MR4 OP10 =0) CRC data
WRITE Burst
WRCRC off (MR4 OP10 =1) EDC hold pattern or PRBS
RDCRC on (MR4 OP9 = 0) CRC data
READ or RDTR burst
RDCRC off (MR4 OP9 = 1) EDC hold pattern or PRBS
LDFF WRCRC + RDCRC both on or both off | EDC hold pattern or PRBS
WRTR burst - EDC hold pattern or PRBS
WCK enabled (MR5 OP1 =0) EDC hold pattern or PRBS
Power-Down ; ; -
WCK disabled using MR5 OP1 =1 HIGH
(Optional)
Self Refresh - HIGH
Vendor ID Mode WCK is stable EDC hold pattern or PRBS
All except reset EDC Hi-Z (MR8 OP5 = 1) Hi-Z
CA Training CADT on (MR15 OP3 =1 or OP2=1) CA data

PRBS is enabled.

NOTE1 The PRBS feature is optional and set with MR12 OP[3:2].
NOTE2 The EDC hold pattern related register bits MR2 OP11, MR4 OP11 and MR4 OP[3:0] are not to influence the bit stream when
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7.14 ERROR DETECTION CODE (EDC) (cont'd)

CRC Polynomial Logic for Full data rate and Half data rate EDC
Below is an implementation of the 72 bit parallel CRC calculation based on the given polynomial: XA8+X/2+X”~1+1. The

indices of reg D correspond to the positions in Figure 89.

function [7:0] CRC_72TOS;
input [71:0] D;

input EDC_mode;

reg [7:0] CRCG;

begin

CRC[0] = D[69] ~ D[68] ~ D[67] ~ D[66] ~ D[64] ~ D[63] ~ D[60] ~ D[56] ~ D[54] ~ D[53] ~ D[52] ~ D[50] ~ D[49] ~
D[48] ~ D[45] ~ D[43] ~ D[40] ~ D[39] ~ D[35] ~ D[34] ~ D[31] ~ D[30] ~ D[28] ~ D[23] ~ D[21] ~ D[19] ~
D[18] ~ D[16] ~ D[14] ~ D[12] ~ D[8] ~ D[7] ~ D[6] ~ D[0];

CRC[1] = D[70] ~ D[66] ~ D[65] ~ D[63] ~ D[61] ~ D[60] ~ D[57] ~ D[56] ~ D[55] ~ D[52] ~ D[51] ~ D[48] ~ D[46]
D[45] ~ D[44] ~ D[43] ~ D[41] ~ D[39] ~ D[36] ~ D[34] ~ D[32] ~ D[30] ~ D[29] ~ D[28] ~ D[24] ~ D[23] ~
D[22] ~ D[21] ~ D[20] ~ D[18] ~ D[17] ~ D[16] ~ D[15] ~ D[14] ~ D[13] ~ D[12] ~ D[9] ~ D[6] ~ D[1] ~
D[O];

CRC[2] = D[71] ~ D[69] ~ D[68] ~ D[63] ~ D[62] ~ D[61] ~ D[60] ~ D[58] ~ D[57] ~ D[54] ~ D[50] ~ D[48] ~ D[47] ~
D[46] ~ D[44] ~ D[43] ~ D[42] ~ D[39] ~ D[37] ~ D[34] ~ D[33] ~ D[29] ~ D[28] ~ D[25] ~ D[24] ~ D[22] ~
D[17] ~ D[15] ~ D[13] ~ D[12] ~ D[10] ~ D[8] ~ D[6] ~ D[2] ~ D[1] ~ DI[0];

CRC[3] = D[70] ~ D[69] ~ D[64] ~ D[63] ~ D[62] ~ D[61] ™ D[59] ~ D[58] ~ D[55] ~ D[51] ~ D[49] ~ D[48] ~ D[47]
D[45] ~ D[44] ~ D[43] ~ D[40] ~ D[38] ~ D[35] ~ D[34] ~ D[30] ~ D[29] ~ D[26] ~ D[25] ~ D[23] ~ D[18] ~
D[16] ~ D[14] ~ D[13] ~ D[11] ~ D[9] ~ D[7] ~ D[3] ~ D[2] ~ D[1];

CRC[4] = D[71] ~ D[70] ~ D[65] ~ D[64] ~ D[63] ~ D[62] ~ D[60] ~ D[59] ~ D[56] ~ D[52] ~ D[50] ~ D[49] ~ D[48] ~
D[46] ~ D[45] ~ D[44] ~ D[41] ~ D[39] ~ D[36] ~ D[35] ~ D[31] ~ D[30] ~ D[27] ~ D[26] ~ D[24] ~ D[19] ~
D[17] ~ D[15] ~ D[14] ~ D[12] ~ D[10] ~ D[8] ~ D[4] ~ D[3] ~ D[2];

CRC[5] = D[71] ~ D[66] ~ D[65] ~ D[64] ~ D[63] ~ D[61] ~ D[60] ~ D[57] ~ D[53] ~ D[51] ~ D[50] ~ D[49] ~ D[47]
D[46] ~ D[45] ~ D[42] ~ D[40] ~ D[37] ~ D[36] ~ D[32] ~ D[31] ~ D[28] ~ D[27] ~ D[25] ~ D[20] ~ D[18] ~
D[16] ~ D[15] ~ D[13] ~ D[11] ~ D[9] ~ D[5] ~ D[4] ~ D[3];

CRC[6] = D[67] ~ D[66] ~ D[65] ~ D[64] ~ D[62] ~ D[61] ~ D[58] ~ D[54] ~ D[52] ~ D[51] ~ D[50] ~ D[48] ~ D[47] ~
D[46] ~ D[43] ~ D[41] ~ D[38] ~ D[37] ~ D[33] ~ D[32] ~ D[29] ~ D[28] ~ D[26] ~ D[21] ~ D[19] ~ D[17] ~
D[16] ~ D[14] ~ D[12] ~ D[10] ~ D[6] ~ D[5] ~ D[4];

if(EDC_mode === 1'b0) // full data rate

CRC[7] = D[68] ~ D[67] ~ D[66] ~ D[65] ~ D[63] ~ D[62] ~ D[59] ~ D[55] ~ D[53] ~ D[52] ~ D[51] ~ D[49] ~ D[48] ~

D[47] ~ D[44] ~ D[42] ~ D[39] ~ D[38] ~ D[34] ~ D[33] ~ D[30] ~ D[29] ~ D[27] ~ D[22] ~ D[20] ~ D[18] ~
D[17] ~ D[15] ~ D[13] ~ D[11] ~ D[7] ~ D[6] ~ D[5];
if(EDC_mode === 1'b1) // half data rate

CRC[7] = D[71] ~ D[70] ~ D[69] ~ D[64] ~ D[61] ~ D[60] ~ D[58] ~ D[57] ~ D[56] ~ D[54] ~ D[50] ~ D[46] ~ D[45] ~

D[43] ~ D[41] ~ D[40] ~ D[37] ~ D[36] ~ D[35] ~ D[32] ~ D[31] ~ D[28] ~ D[26] ~ D[25] ~ D[24] ~ D[23] ~
D[21] ~ D[19] ~ D[16] ~ D[14] ~ D[12] ~ D[10] ~ D[9] ~ D[8] ~ D[4] ~ D[3] ~ D[2] ~ D[1] ~ D[O];
CRC_72T08 = CRC;
end

endfunction

function [15:0] CRC_GDDR6_FULL;

input [143:0] D;

reg [7:0] CRC_L, CRC_U;

begin
CRC_U = CRC_72T08(D[143:72],1'b0);
CRC_L = CRC_72T08(D[71:0], 1'b0);
CRC_GDDR6_FULL = {CRC_U, CRC_L};

end

endfunction

function [7:0] CRC_GDDR6_HALF;

input [143:0] D;

reg [7:0] CRC_L, CRC_U;

begin
CRC_U = CRC_72TO8(D[143:72],1'b1);
CRC_L = CRC_72T08(D[71:0], 1'b0);
CRC_GDDR6_HALF = {CRC_U ~ CRC_L};

end

endfunction
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7.15 PRECHARGE

The PRECHARGE command (see Figure 90) is a single cycle command used to deactivate the open row in a particular bank
(PREpb) or the open row in all banks (PREab). The bank(s) will be available for a subsequent row access a specified time
(trp) after the PRECHARGE command is issued as illustrated in Figure 56.

Input CA4 (falling edge of CK) determines whether one or all banks are to be precharged. In case where only one bank is
to be precharged, inputs BA[3:0] select the bank. Otherwise BA[3:0] are treated as “Don’t Care”.

Once a bank has been precharged, it is in the idle state and must be activated prior to any READ or WRITE command
being issued. A PRECHARGE command will be treated as a NOP if there is no open row in that bank, or if the previously
open row is already in the process of precharging. Sequences of PRECHARGE commands must be spaced by at least tppp.

PRECHARGE

XXX
CA[2:0]
|

BA =Bank Address (for PREpb only and V for PREab) l:l DON'T CARE
V= Valid (H or L, but not floating)
PREpb = Precharge (per bank); PREab = Precharge all banks

Figure 90 — PRECHARGE command

7.16 AUTO PRECHARGE

Auto Precharge is a feature which performs the same individual bank precharge function as described above, but without
requiring an explicit command. This is accomplished by using CA4 (falling edge of CK = HIGH), to enable Auto Precharge in
conjunction with a specific READ or WRITE command. A precharge of the bank / row that is addressed with the READ or

WRITE command is automatically performed once the applicable timings tyr, tras @nd tgrp have been met as described in
the WRITE and READ sections and in Table 49. Auto Precharge is non persistent in that it is either enabled or disabled for
each individual READ or WRITE command.

Auto Precharge ensures that a precharge is initiated at the earliest valid stage after the WRITE or READ command. The
user must not issue another command to the same bank until the precharge time (tzp) is completed. This is determined as
if an explicit PRECHARGE command was issued at the earliest possible time, as described for each burst type in the
OPERATION section of this specification.
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7.17 REFRESH and PER-BANK / PER-2-BANK REFRESH

The (all-bank) REFRESH (REFab) and the PER-BANK REFRESH (REFpb) / PER-2-BANK REFRESH (REFp2b) commands are
used during normal operation. The commands are non persistent, so they must be issued each time a refresh is required.
REFab and REFpb / REFp2b commands are distinguished by the level of the CA4 input (falling edge of CK) of the REFRESH
command. REFpb and REFp2b are selected by MR8 OP?7.

REFRESH

- = - —
CK_t ~ - —
CKE.n [LOwW
CA9 ; ‘ ; \ | /
CA8 \ / ; ;

cams _ XeaX XX

REFab

ex DO
REFpb / REFp2b

BA =Bank Address (for REFpb / REFp2b only and V for REFab) D DON'T CARE
V =Valid (H or L, but not floating)

REFpb = Per-bank refresh; REFab = Refresh all banks

REFp2b = Per-2-bank refresh

Figure 91 — REFRESH Command

REFRESH (REFab) Command

A minimum time tgecyp is required between two REFab commands. The same rule applies to any access command after the
refresh operation. All banks must be precharged prior to the REFab command.

The refresh addressing is generated by the internal refresh controller. This makes the address bits "Don't Care" during a
REFab command. The device requires REFab cycles at an average periodic interval of trgrr(max). The values of trgp for

different densities are listed in Table 15.

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh interval
is provided. A maximum of 8 REFab commands can be postponed during operation of the device, meaning that at no point
in time more than a total of 8 REFab commands are allowed to be postponed. In case that 8 REFab commands are
postponed in a row, the resulting maximum interval between the surrounding REFab commands is limited to 9 x tgger (See
Figure 93). A maximum of 8 additional REFab commands can be issued in advance (“pulled in”), with each one reducing
the number of regular REFab commands required later by one. Note that pulling in more than 8 REFab commands in
advance does not further reduce the number of regular REFab commands required later, so that the resulting maximum
interval between two surrounding REFab commands is limited to 9 x trer; (see Figure 94). At any given time, a maximum

of 9 REFab commands can be issued within tggp.

Rev 1.1 / Jul.2021 Confidential 112



SK%

7.17 REFRESH and PER-BANK / PER-2-BANK REFRESH (cont'd)

During REFab, and when OP2 in MRS is set to '0’, WRTR, RDTR, and LDFF commands are allowed at time tygrrr after the
REFab command, which enable (incremental) data training to occur in parallel with the internal refresh operation and thus
without loss of performance on the interface as illustrated in Figure 92A. See READ Training and WRITE Training for
details. Additionally, when OP2 in MR5 is set to 0, MRS commands to MR3 OP[7:6] to readout the temperature of the
device are allowed as illustrated in Figure 92B. The ability to support temperature readout while MR5 OP2 = 0 is vendor
specific, therefore, vendor datasheets should be consulted. MRS commands during tggcap that make changes to any

register other than MR3 OP[7:6] may result in undefined operation.

As impedance updates from the auto-calibration engine may occur with any REFab command, it is safe to only issue NOP
commands during txg period to prevent false command, address or data latching resulting from impedance updates.

A. RDTR, LDFF and/or WRTR during trecab

1 Ta0 Tal Tbl Tb3 Tb6 T 7 TCO
CK_c— w I w ﬁffm I w ﬁffw I w ~ w /= w w r w
CA x PREab x NOP Eg REFab x NOP 23 WRTR >< x x 23 x NOP 23 CT

REFTR ! !
' . ] ‘ tRFCab ‘ .
| L] f >
| | | | | | | \ | [ \
| | It | | | _q | \ | [ \
[ [ \4& [ < : WL=3 : P [ [ [
WCK_t W ! Wa W Waln r r 1 K
WCK_c Ul | | ‘ Ay ‘ ‘ | | L | ‘
| | Lo | « | | | | , |
DQ | | N | | N | | ] I V l I l | ) |
’ | | | | | | | l l l l l l l |
DBI_n [ [ [ [ [ [ [ \
B. Temperature Readout during tgecap
CK_c¢ 77 Fffw o /ol ) w
CK t—/_\—/:\—”'/:\—/:\'ﬁ—/:\—/_\—/_\—ﬁ'/_\‘f
MR3 OP[7:6]=10 MRS OP 7 6]
CA >< PREab x % REFab >< NOP 23 MRS >< Eg zg AC‘T_
| [ [ [ [ [ \ [ [ [
| | [ tKQ »nld | | tMRD | | [ “tMOD n!
| ¢ I‘{ b I | i t | | | | i i
| | | | RFCab | | | | | |
< [ > < T T T [ [ [ [ >
[ [ [ [ [ [ [ [ in) =
| [ [ | I . twrmon(max) ! \ tWRT‘D(]:F(mm)‘ Ons
| | L | | o € [ ] P | » P
DQJ7:0] : : ) : : ? : : : » Binary tery/perature readout ) :
| | | | | | | 7] | |
NOTES:

1. WRTR, LDFF and RDTR command or MRS for Temp readout are allowed during refresh unless disabled in the Mode Register.

2. WCK and CK are shown aligned (twckockpin=0, twekack=0) for illustration purposes. WCK2CK training determines
the needed offset between WCK and CK.
3. Figure shown with WRTR training and temperature readout durations as examples.

Figure 92 — REFab Timings
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Figure 93 — Postponing REFab Commands (Example)
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Figure 94 — Pulling-In REFab Commands (Example)
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7.17 REFRESH and PER-BANK / PER-2-BANK REFRESH (cont’'d)

PER-BANK REFRESH (REFpb) and PER-2-BANK REFRESH (REFp2b) Commands

The REFpb / REFp2b command provides an alternative for the refresh of the device. The REFpb command initiates a
refresh cycle on a single bank selected by BA[3:0] while accesses to other banks including writes and reads are not
affected. The REFp2b command initiates a refresh cycle on a bank selected by BA[3:0] and it's paired bank while accesses
to other banks including writes and reads are not affected. Banks for refresh can be selected by MR12 OP1 which
determines paired banks by “Don’t Care” MSB or LSB. The bank pairing for LSB is shown in Table 40 and for the optional
MSB is shown in Table 41. For devices that support both LSB and MSB, MR12 OP1 allows the desired mode to be
programmed.

A minimum time tggp is required between an ACTIVATE command and a REFpb / REFp2b command to a different bank. A
minimum time trrerp is required between any two REFpb / REFp2b commands (see below for an exception requiring
trrcpb), @nd between a REFpb / REFp2b command and an ACTIVATE command to a different bank. A minimum time tgrcpp

is required between a REFpb / REFp2b command and an access command to the same bank that follows. The selected
bank must be precharged prior to the REFpb / REFp2b command. The row address is generated by an internal counter.
This makes the row address bits “"Don't Care” during a REFpb / REFp2b command.

A REFpb / REFp2b command can be issued in any order. After all 16 banks have been refreshed using the REFpb / REFp2b
command, and after waiting for at least trrcpp, the internal refresh counter is incremented and the controller can issue
another set of REFpb / REFp2b commands in the same or a different order. However, it is illegal to send another REFpb /
REFp2b command to a bank unless all 16 banks have been refreshed using the REFpb / REFp2b command. The controller
must track the banks being refreshed by the REFpb / REFp2b command.

The bank count is synchronized between the controller and the device by resetting the bank count to zero. Synchronization
occurs upon exit from reset state or by issuing a REFab or SELF REFRESH ENTRY command. Both commands may be
issued at any time even if a preceding sequence of REFpb / REFp2b commands has not completed cycling through all 16
banks. The internal refresh counter is not incremented in case of such incomplete cycling. It is pointed out that multiple
occurrences of synchronization events without refresh counter increment may result in an insufficient refresh of the
memory array; it is suggested to issue additional REFab commands in that case.

The average rate of REFpb commands trerrpy is given by trerr / 16 when MR8 OP7 = 0. The average rate of REFp2b
commands treripp is given by trerr / 8 when MR8 OP7=1.

REFab commands must also be issued during normal operation at a minimum rate of tagrer = 1ms to allow impedance
updates from the auto-calibration engine to occur.

TO T1 Ta0 Tal TbO Tb1 TcO Tcl TdoO Td1

CKc — /ol &~ /ol & /ol § /el § /ol
CK_t ~ ~ ~ ~ ~ - ~ ~ ~ -

| | | [ [ | | [ | [

I tRRD ol tRREFD Ly tRREFD | ! ! !

A | h | " < 1 > RECph > |
—
o X BDCEEDCENEDCENEDCEEDCE

| | | | | | | | |

BA =Bank Address
REFpb can be either REFpb or REFp2b depending on MR8 OP7

Figure 95 — REFpb / REFp2b Timings

Rev 1.1 / Jul.2021 Confidential 115



SK%

7.17 REFRESH and PER-BANK / PER-2-BANK REFRESH (cont’'d)

EFpb EFpb EFpb «
— P ——EEPO——EED) §
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~N"

First set of 16 REFpb commands

~N"

Next set of 16 REFpb commands

Figure 96 — Sets of REFpb Commands

The example in Table 39 shows two full sets of REFpb commands with the bank counter reset to zero and the refresh
counter incremented after 16 REFpb commands each. The 3rd set to REFpb commands is interrupted by the REFab com-
mand which resets the bank counter to 0 and performs refreshes to all banks indicated by the refresh counter.

Table 39 — Refresh Counter Increments - REFpb

ONT | Ny | commanp | Basol | MEOGT | cOUNTER | COUNTER

0 0 Reset, REFab or SRE command To 0

1 1 REFpb 0000 0 Oto1l

2 2 REFpb 0001 1 1to2

3 3 REFpb 0010 2 2t03

4 4 REFpb 0011 3 3to4 n
15 15 REFpb 1110 14 14 to 15

16 16 REFpb 1111 15 15t00

17 1 REFpb 0100 4 Oto1l

18 2 REFpb 0111 1to2

19 3 REFpb 1011 11 2to3
20 4 REFpb 0110 6 3to4 n+1
31 15 REFpb 1100 12 14 to 15
32 16 REFpb 0001 1 15to 0

33 1 REFpb 0010 2 Oto1
34 2 REFpb 1001 9 1to2 n+2
35 3 REFpb 0000 0 2t03
36 0 REFab A" all To 0 n+2
37 1 REFpb 1010 10 Oto1l
38 2 REFpb 0101 5 1to2 s
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7.17 REFRESH and PER-BANK / PER-2-BANK REFRESH (cont’'d)

DD 5D —
|

: tRREFD : e tRECpD >'g tRREFD , |
) ‘ " ) L L
- N A
~ ~ ~
First set of 8 REFp2b commands Next set of 8 REFp2b commands

Figure 97 — Sets of REFp2b Commands

The examples in Table 40 and Table 41 show two full sets of REFp2b commands with the bank counter reset to zero and
the refresh counter incremented after 8 REFp2b commands each. The 3rd set to REFp2b commands is interrupted by the
REFab command which resets the bank counter to 0 and performs refreshes to all banks indicated by the refresh counter.
The 3rd set also shows the requirement that a set must either be complete or a REFab to reset the bank counter back to 0
before any change to MR8 OP7. The 4th set uses REFpb.

Table 40 — Refresh Counter Increments - REFp2b (LSB)

CNT | (yr | COMMAND | BABOI | “RiNis' | COUNTER | COUNTER
0 0 Reset, REFab or SRE command followed by MRS to To0
set MR8 OP7 =1 and MR12 OP1 =0

1 1 REFp2b 0000 0,1 Oto1l

2 2 REFp2b 0010 2,3 1to2

3 3 REFp2b 0100 4,5 2t03

4 4 REFp2b 0110 6,7 3to4

5 5 REFp2b 1000 8,9 4to5 "
6 6 REFp2b 1010 10, 11 5to6

7 7 REFp2b 1100 12,13 6to7

8 8 REFp2b 1110 14,15 7to0

9 1 REFp2b 0100 4,5 Oto1l

10 2 REFp2b 0111 7,6 1to2

11 3 REFp2b 1011 11,10 2to3

12 4 REFp2b 1001 9,8 3to4 n+1
15 7 REFp2b 1100 12,13 6to7

16 8 REFp2b 1111 15,14 7to0

17 1 REFp2b 0010 2,3 Otol

18 2 REFp2b 1001 9,8 1to2 n+2
19 3 REFp2b 0000 0,1 2to3

20 0 REFab v all To 0 n+2
21 0 MRS (MR8 OP7 = 0) \% - 0 n+2
22 1 REFpb 1010 10 Oto1l

23 2 REFpb 0101 5 1to2 s
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7.17 REFRESH and PER-BANK / PER-2-BANK REFRESH (cont’'d)

Table 41 — Refresh Counter Increments - REFp2b (MSB)

ONT | (\r | COMMAND | BABOI | "RiNis' | COUNTER | COUNTER
0 0 Reset, REFab or SRE command followed by MRS to To0
set MR8 OP7=1 and MR12 OP1 =1

1 1 REFp2b 0000 0,8 Otol

2 2 REFp2b 0001 1,9 1to2

3 3 REFp2b 0010 2,10 2to3

4 4 REFp2b 0011 3,11 3to4

5 5 REFp2b 0100 4,12 4to5 "
6 6 REFp2b 0101 513 5to6

7 7 REFp2b 0110 6,14 6to7

8 8 REFp2b 0111 7,15 7to0

9 1 REFp2b 0100 4,12 Otol

10 2 REFp2b 0111 7,15 1to2

11 3 REFp2b 1011 11,3 2to3

12 4 REFp2b 1001 91 3to4 n+1
15 7 REFp2b 1100 12,4 6to7

16 8 REFp2b 1110 14,6 7t00

17 1 REFp2b 0010 2,10 Oto1l

18 2 REFp2b 1001 91 1to2 n+2
19 3 REFp2b 0000 0,8 2to3

20 0 REFab v all To 0 n+2
21 0 MRS (MR8 OP7 = 0) \% - 0 n+2
22 1 REFpb 1010 10 Oto1l

23 2 REFpb 0101 5 1to2 nes
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7.17 REFRESH and PER-BANK / PER-2-BANK REFRESH (cont’'d)

Table 42 — REFab and REFp2b Command Scheduling Requirements

From To Command Minimum Delay between Notes
Command “From Command” to “To Command”
REFab REFab or SELF REFRESH ENTRY tRrCab
REFpb / REFp2b (any bank) tRECab
ACTIVATE (any bank) tRECab
REFpb / REFab or SELF REFRESH ENTRY tRFCpb
REFp2b REFpb / REFp2b (other bank) {RREFD or tRFCpb 2
REFpb / REFp2b (same bank) tRECpb 1
ACTIVATE (other bank) tRREFD
ACTIVATE (same bank) tRFCpb
ACTIVATE REFab or SELF REFRESH ENTRY tre 3
REFpb / REFp2b (other bank) trRRD 4
REFpb / REFp2b (same bank) trc 3

NOTE 1 Back-to-back REFpb / REFp2b commands to the same bank are only allowed when the first REFpb / REFp2b command
completes a set of 16 per-bank / 8 per-2-bank refresh operations and the second REFpb / REFp2b command initiates the
next set of 16 per-bank / 8 per-2-bank refresh operations.

NOTE 2 Use trpcpp when the first REFpb/ REFp2b command completes a set of 16 per-bank / 8 per-2-bank refresh operations and
the second REFpb / REFp2b command initiates the next set of refresh operations. Use trgrggp in all other cases.

NOTE 3 A bank must be in the idle state with tgp satisfied before it is refreshed.

NOTE 4 tpaw parameters must be observed as well.
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7.18 SELF REFRESH

Self Refresh can be used to retain data in the device, even if the rest of the system is powered down. Self Refresh can also
be used to retain data in only one channel while the other channel is in normal operation. The full power savings can only
be achieved when both channels are in Self Refresh. When in the Self Refresh mode, the device retains data without
external clocking. The SELF REFRESH ENTRY command (see Figure 96) is initiated like a REFRESH command except that
CKE_n is pulled HIGH.

SELF REFRESH ENTRY is only allowed when all banks are precharged with tgp satisfied, and when the last data element or
CRC data element from a preceding READ or WRITE command has been pushed out (tgpsre Of twrsre)- NOP commands
are required until tegsre is met after the entering Self Refresh. The PLL/DLL is automatically disabled upon entering Self

Refresh and is automatically enabled and reset upon exiting Self Refresh. If the device enters Self Refresh with the PLL/
DLL disabled, it will exit Self Refresh with the PLL/DLL disabled.

Once the SELF REFRESH ENTRY command is registered, CKE_n must be held HIGH to keep the device in Self Refresh
mode. When the device has entered the Self Refresh mode, all external control signals, except CKE_n and RESET_n are
"Don’t care”. For proper Self Refresh operation, all power supply (Vpp, Vppg, Vpp) and Vgerc must be at valid levels. The
device initiates a minimum of one internal refresh within tegr period once it enters Self Refresh mode. The CA, data and
WCK inputs are in ODT state, and the EDC signals drive a HIGH.

The CK clock is internally disabled during Self Refresh operation to save power, only if both channels are in the Self Refresh
state. The WCK clock(s) are also internally disabled during SRF on each channel independently. The user may change the
external clock frequency or halt the external CK clock tcksrg after SELF REFRESH ENTRY is registered on both channels as

shown in Figure 97a. Likewise, the host may halt the external WCK clock(s) in a channel tcgsgrg after SELF REFRESH ENTRY
is registered on that channel. The minimum time that the channel or device must remain in Self Refresh mode is tsge

The procedure for exiting Self Refresh requires a sequence of events. First, the CK clocks must be stable tcxgry prior to

CKE_n going back LOW. WCK clocks could be on or off at SELF REFRESH EXIT depending on the preferred method for
resetting the WCK divider in WCK2CK training, which is required upon SELF REFRESH EXIT. For frequency supported by
each method, the vendor datasheet should be consulted. A delay of at least tyg must be satisfied before a valid command

can be issued to the device to allow for completion of any internal refresh in progress.

During Self Refresh the on-die termination (ODT) and driver will not be auto-calibrated. Recalibration may be automatically
performed within tyg after self refresh exit and if not the recalibration will take place on the next REFab command. During

this period, commands other than NOP shall be issued with caution, depending on anticipated or measured voltage and
temperature changes. No recalibration is performed when calibration update has been set to off in MR1 OP6.

Upon exit from Self Refresh, the device can be put back into Self Refresh mode after waiting at least tyg period and issuing
one extra REFab command.
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7.18 SELF REFRESH (cont’d)

SELF REFRESH
/] |

|
CA9 |

ons g | g
CA[7:0] | < :
|

V = Valid (H or L, but not floating) I:‘ DON'T CARE

Figure 98 — SELF REFRESH Entry Command

Table 43 — Pin States During Self Refresh

Pin State

EDC HIGH

DQ/DBL_n ODT

CA, CABL_n ODT
CKE_n ODT (Driven HIGH by Controller)

WCK_t/WCK_c ODT

CK_t/CK_c ODT

Rev 1.1 / Jul.2021

Confidential

121



SK%

7.18 SELF REFRESH

A. SRE and SRX with only WCK clock stop
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Note: Stopping the CK clock is only allowed if both channels are put in Self Refresh or Hibernate Self Refresh mode.

B. SRX with WCK clock stop and Phase Search
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C. SRX without WCK clock stop
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Figure 99 — Self Refresh Entry and Exit
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7.19 PARTIAL ARRAY SELF REFRESH (PASR)

The GDDR6 SGRAM can be programmed to exclude parts of the memory array from refresh when the channel is held in
Self Refresh mode. OP[11:0] in MR11 are associated with the Partial Array Self Refresh (PASR) feature.

PASR Bank Masking

Two banks can individually be configured to be excluded from refresh in Self Refresh mode by programming the bank
mask bit(s) in MR11 OP[7:0]. The banks are excluded from refresh when the corresponding 2-bank mask bit is set to “1”.
When a 2-bank mask bit is set to “0”, a refresh to the banks is determined by the status of the row segment mask bits as
described below.

PASR Row Segment Masking

The row address space of a channel is virtually divided into 4 row segments along the two MSB row address bits. Each row
segment can individually be configured to be excluded from refresh in Self Refresh mode by programming the row
segment mask bit(s) in MR11 OP[11:8]. An entire row segment across all 16 banks is excluded from refresh when the
corresponding row segment mask bit is set to “1”. When a row segment mask bit is set to “0”, a refresh to the row
segment in each group of 2 banks is determined by the status of the corresponding 2-bank mask bits as described above.

An example of using the PASR bank and row segment masking is shown in Table 44.

Table 44 — Example of PASR 2-Bank and Row Segment Masking in Self Refresh Mode

Row Segment Mask | Banks | Banks | Banks | Banks | Banks | Banks | Banks | Banks
MR11 OP[11:8] J[15:14] |[13:12] | [11:10] | [9:8] | [7:6] | [S:4] | [3:2] | [1:0]
1\24'1123;‘;‘1611‘,"[*;?3] 0 0 0 0 0 1 0 0
Row Segment 0 0 M
Row Segment 1 0 M
Row Segment 2 1 M M M M M M M M
Row Segment 3 0 M

Note: Refresh operation to bank 4 and 5 as well as to row segment 2 in all banks is masked.
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7.20 HIBERNATE SELF REFRESH

Hibernate Self Refresh is a special mode that provides the same data retention as in the regular Self Refresh mode, but

allows the channel to disable additional circuits to achieve an even lower power consumption at the expense of a signifi-
cantly extended period to return to normal operation. The full power savings can only be achieved when both channels are

in Hibernate Self Refresh.

MR7 OP1 is associated with Hibernate Self Refresh. The bit is self-clearing, meaning that an MRS command must set this

bit any time the device shall enter Hibernate Self Refresh using the SELF REFRESH ENTRY command.

After the SELF REFRESH ENTRY command is registered, CKE_n must be held HIGH to keep the channel in Hibernate Self
Refresh mode. Exiting this mode requires a sequence of events as shown in Figure 98: at first CKE_n must be pulled LOW
and again pulled HIGH after typ has elapsed. The channel is now in regular Self Refresh mode, and must be held in this

mode for at least tysy period, to retain data during the extended exit time from Hibernate Self Refresh mode. After tysy

period the sequence for SELF REFRESH EXIT shall be followed to return to normal operation.

v

T0 T1 Ta0 Tal Ta2 Tb0 TcO Tcl Tc2 Td0
( | I | (
CK_t ‘L _/ ‘L SY ‘L _J ‘L _/ ‘L -/ ‘ 55 ‘ ‘L _J ‘L _J ‘L _
I tvop | ! I teKsRE | ! txap . 1 teH ! !
< ‘ P ‘ ‘ > —He—> !
I I T T T )’5 T )’5 ‘ ! toxes | I
CKE_n | | y | | | | \ / \_5" 5_‘
] ] | 1 tcepED | \ ! ! ] ]
| f f |
| | | |
| | | |

| tXS |
+“—>
(¢

I @«

I(d
7

State  Normal Mode « ‘ Hibernate Self Refresh Mode « )(; Self Refresh ‘ Nor?(nal Mode
[ R [ [ [ 7 7 [ [ [ KA
Set Enter Exit Exit
Hibernate Hibernate Hibernate Self Refresh
Bit Self Refresh Self Refresh
] Don't Care

Notes:
1) Stopping the CK clock is only allowed if both channels are put in Self Refresh or Hibernate Self Refresh mode.

2) Minimum CKE_n pulse width must satisfy togg.

Figure 100 — Hibernate Self Refresh
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7.21 HIBERNATE SELF REFRESH WITH VDDQ OFF

To further reduce the power consumption in self refresh mode, GDDR6 SGRAMs optionally allows to completely power off
Vpbpq When the device is held in hibernate self refresh. The Vppq Off Mode Register bit MR12 OPO is associated with this

function; the bit is self-clearing, meaning that an MRS command must set this bit any time the device shall power off Vppq.
The device indicates the support of this feature in the Vendor ID, bit 15 of ID1.

The following sequence is required to enter and exit this mode:

1) Issue MRS command(s) on both channels to set the Vppq Off and Hibernate SRF bits and wait for tyop.

2) Issue a SELF REFRESH ENTRY command followed by NOPs for tcppgp. After teppep the device is held in hibernate
self refresh regardless of the level of the CKE_n signal.

3) After meeting tyorr timing it is safe to power off Vppg. The voltage level at all device inputs except RESET_n has
to be kept at or below Vppq at all times of the Vppg power off and on transitions. The RESET_n input must be
pulled HIGH to prevent an unwanted chip reset. Maintain Vpp and Vpp at valid levels. Maintain Vppq off (below 0.1
X Vpp) for at least tyop.

4) For exiting this mode, apply power to Vppg. The device will detect the Vppq stable state when Vppqg reaches 0.9 x
Vpp and will subsequently return to (regular) Hibernate Self Refresh.

5) Drive CKE_n to HIGH latest at time tcyey after Vppq is stable (>90% of Vpp). The device will re-enable the CKE_n
receiver after tergy has elapsed. Maintain CKE_n HIGH until tyey has elapsed.

6) Hibernate self refresh can be exited a time tyex after Vppq is stable. Follow the procedure described above to exit
hibernate self refresh and return to normal operation.

Vopg
CK_c an
CK_t ! ;
& i ‘
CKE_n / \ | /
I
#tCPDED‘ €tCTEN; R
RESET_n

« | (

All other 22

inputs
) T i
| tVOFF P tVON P tHEX o
D — < » < \
D%I:alzg ONpgigtliaoI n Prepar(e)g)r Voo Hibernate with Vooq Off Hibernate SRF Normal SRF

* t TS S

Enter Hibernate Power Off Vbbo CKE_n Exit Hibernate
Self Refresh Voo Stable Stable Self Refresh
with Vppq Off HIGH

Note: Minimum CKE_n pulse width must satisfy tcgp.

Figure 101 — Hibernate Self Refresh with Vppq Off Entry and Exit
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7.22 POWER-DOWN

GDDR6 SGRAMs requires CKE_n to be LOW at all times an access is in progress: from the issuing of a READ or WRITE
command until completion of the burst. For READSs, a burst completion is defined as when the last data element including
CRC has been transmitted on the DQ outputs, for WRITES, a burst completion is defined as when the last data element has
been written to the memory array and CRC data has been returned to the controller. CKE_n is also required to be LOW for
a time tactppe after an ACTIVATE command, for a time tpreppg after a PRECHARGE command, for a time tgrepppg after a

REFRESH command, or for a time tyrsppg after a MODE REGISTER SET command.

Power-Down is entered when CKE_n is registered HIGH. If POWER-DOWN occurs when all banks are idle, this mode is
referred to as precharge power-down; if POWER-DOWN occurs when there is a row active in any bank, this mode is
referred to as active power-down. Entering POWER-DOWN deactivates the input and output buffers, excluding CK_t, CK_c,
WCK_t, WCK_c, RESET_n, EDC signals and CKE_n if LP2 bit (MR5 OP1) is set LOW. If LP2 bit is set to HIGH, WCK_t,
WCK_c input buffers and EDC output buffer are additionally de-activated in power-down.

For maximum power savings, the user has the option of disabling the PLL/DLL prior to entering POWER-DOWN. In that
case, on exiting POWER-DOWN, WCK2CK training is required to set the internal synchronizers which will include the
enabling of the PLL/DLL, PLL/DLL reset, and t; x clock cycles must occur before any READ or WRITE command can be

issued.

While in power-down, CKE_n HIGH, a stable CK and RESET_n signals must be maintained at the device inputs if LP2 bit
(MR5 OP1) is set to HIGH as shown in Figure 100A. If LP2 bit (MR5 OP1) is set to off, WCK signals must also be maintained
in power-down and DRAM continuously drive the EDC hold pattern on the EDC balls as shown in Figure 100B.

The power-down state is synchronously exited when CKE_n is registered LOW (in conjunction with a NOP command). A
valid executable command may be applied typ cycles later. The power-down duration is specified by tpp and limited by the

refresh requirements of the device.
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7.22 POWER-DOWN (cont’d)
A) LP2 bit On (MR5 OP1 = 1)

T0 T1 12 T11 T11 Ta0 Tal Ta2 Tb0

CK_C - ‘\; A j; r~ T; 55 j; /A j; 5$ W; - j; - j; 5} W;
ot NN SN NN NN LN

CKE_n Y

tACTPDE, tPREPDE, tREFPDE, | . tcPDED
tMRSPDE, tRDSRE or tWRSRE, 1 | v tpp Lebe
L] T L] L
NOP PDX Valid
DC:DCDDC:QDC: IREDE 4 )
WCK_ t v f | n ( : 1‘ I ‘ 1 ‘ B
WCK ¢ - | ‘ { | |
TEnter POWER-DOWN Mode . I/’ [ Don't Care
Exit POWER-DOWN Mode
B) LP2 bit Off (MR5 OP1=0)
TO T1 T2 T11 T11 Ta0 Tal Ta2 Tb0

CK ¢ — T; r T; r T; 5 T; r T; § T; ~ 1; ~ ﬂ; § T;
| |
| |
CKE_n / ‘

|
l
|
|
| | |
tAcTPDE, tPREPDE, 'REFPDE, |, tcPDED
|

tMRSPDE, tRDSRE or tWRSRE 1 7 tpD Cl txp
V“ T Ll
CA DCEOP PDE NOP NOP oP PDQ Valid
BDEDEDEDE ‘X)(X)EX)D
WCK_t ‘ | | / | Ty | p f: \
WCK ¢ | | | | | 5
TEnter POWER-DOWN Mode [J Don't Care
Exit POWER-DOWN Mode

NOTE 1 Minimum CKE_n pulse width must satisfy tcgg.
NOTE 2 After issuing POWER-DOWN command, NOP commands are required for a minimum of tcppgp after POWER-DOWN entry.

Figure 102 — Power-Down Entry and Exit

Table 45 — Pin States During Power-Down

Pin LP2 on (MR5 OP1 = HIGH) LP2 off (MR5 OP1 =LOW)
EDC HIGH “Hold”
DQ/DBL n ODT ODT
CA ODT ODT
CKE_n ODT (Driven HIGH by Controller) ODT (Driven HIGH by Controller)
CK_t/CK_c ODT ODT
WCK_t/WCK _c ODT (receiver off) ODT (receiver active)
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7.23 COMMAND TRUTH TABLES

Table 46 — Truth Table — CKE_n

CKE_n?
Previous | Current | CURRENT COMMAND (n)* ACTION(n)* NOTES

C STATE °

ycle Cycle
(n-1) (n)

H H Power-Down X Maintain Power-Down

H H Self Refresh X Maintain Self Refresh

H L Power-Down NOP Exit Power-Down

H L Self Refresh NOP Exit Self Refresh 6

L H All Banks Idle NOP Precharge Power-Down

Entry

L H Bank(s) Active NOP Active Power-Down Entry

L H All Banks Idle REFab Self Refresh Entry

L L See Table 47 and Table 48

NOTE 1 H =Logic HIGH Level; L = Logic LOW Level; X = Don’t Care (command decoder disabled)
NOTE 2 CKE_n(n) is the logic state of CKE_n at clock edge n; CKE_n(n-1) was the state of CKE_n at the previous clock edge.
NOTE 3 Current state is the state of the device immediately prior to clock edge n.
NOTE 4 COMMAND(n) is the command registered at clock edge n, and ACTION is a result of COMMAND#.
NOTE 5 All states and sequences not shown are illegal or reserved.
NOTE 6 NOP commands should be issued on any clock edges occurring during the tyg period. A minimum of t; i is needed for

the PLL/DLL to lock before applying a READ or WRITE command if the PLL/DLL was disabled.
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7.23 COMMAND TRUTH TABLES (cont'd)
Table 47 — Truth Table — Current State Bank n — Command To Bank n

CA9 CA9 CA8 CA8
CURRENT | (Rising | (Falling | (Rising | (Fallin;
STATE edge of | edge 0% edge of | edge 0% COMMAND/SCIION e
CK) CK) CK) CK)
H H
Any H H L NO OPERATION (NOP/continue previous operation)
L H
L \Y% \Y \% ACTIVATE (select and activate row)
Idle H L L H REFRESH ALL / PER-2-BANK REFRESH 8
H H L L MODE REGISTER SET 8
H L H H READ (select column and start READ burst) 10
. WRITE (select column and start WRITE burst)
Row Active H L H L (WOM, WSM or WDM) 10
H L L L PRECHARGE (deactivate row in bank or banks) 9
Read H L H H READ (select column and start new READ burst) 10
ea
(Auto WRITE (select column and start WRITE burst)
Precharge H L H L | (WOM, WSM or WDM) 10,11
Disabled) -
H L L L PRECHARGE (only after the READ burst is complete 9
Write H L H H READ (select column and start READ burst) 10
Aut
prgcﬁa?ge H L H L WRITE (select column and start new WRITE burst) 10
Disabled) (WOM, WSM or WDM)
(WOM, WSM .
or WDM) H L L L PRECHARGE (only after the WRITE burst is complete) 9

NOTE 1 H=Logic HIGH Level; L = Logic LOW Level; V = Valid signal (H or L, but not floating)

NOTE 2 This table applies when CKE_n(n-1) was LOW and CKE_n(n) is LOW (see Table 46) and after tyg has been met (if the
previous state was self refresh).

NOTE 3 This table is bank-specific, except where noted (i.e., the current state is for a specific bank and the commands shown are
those allowed to be issued to that bank when in that state). Exceptions are covered in the notes below.

NOTE 4 Current state definitions:

Idle: The bank has been precharged, and tgp has been met.

Row Active: A row in the bank has been activated, and tycp has been met. No data bursts/accesses and no register accesses are
in progress.

ReIa)d: %& READ burst has been initiated, with auto precharge disabled.

Write: A WRITE burst has been initiated, with auto precharge disabled.

NOTE 5 The following states must not be interrupted by a command issued to the same bank. NOP commands, or allowable
commands to the other bank should be issued on any clock edge occurring during these states. Allowable commands to the other
bank are determined by its current state and Table 47, and according to Table 48. The minimum delay from a READ or WRITE
command with auto precharge enabled, to a command to the same bank is summarized in Table 49.

Precharging: Starts with registration of a PRECHARGE command and ends when tgp is met. Once tgp is met, the bank will be in
the idle state.

Row Activating: Starts with registration of an ACTIVATE command and ends when tycp is met. Once tgcp is met, the bank will
be in the “row active” state.

Read w/Auto-Precharge Enabled: Starts with registration of a READ command with auto precharge enabled and ends when tgp
has been met. Once tgp is met, the bank will be in the idle state.

Write w/Auto-Precharge Enabled: Starts with registration of a WRITE command with auto precharge enabled and ends when
trp has been met. Once tgp is met, the bank will be in the idle state.

NOTE 6 The following states must not be interrupted by any executable command; NOP commands must be applied on each
positive clock edge during these states.

Refreshing: Starts with registration of a REFab command and ends when tggc,p is met. Once trpc,p is met, the device will be in
the all banks idle state.

Accessing Mode Register: Starts with registration of a MODE REGISTER SET command and ends when ty;op has been met. Once
tpop is met, the device will be in the all banks idle state.

Precharging All: Starts with registration of a PREall command and ends when tgp is met. Once tgp is met, all banks will be in the
idle state.

READ or WRITE: Starts with the registration of the ACTIVATE command and ends with the last valid data nibble.

NOTE 7 All states and sequences not shown are illegal or reserved.

NOTE8 Not bank-specific (REFab, MODE REGISTER SET) or bank specific (REFpb / REFp2b); requires that all banks (REFab, MODE
REGISTER SET) or the current bank (REFpb / REFp2b) are idle, and bursts are not in progress.

NOTE 9 May or may not be bank-specific; if multiple Eanks are to be precharged, each must be in a valid state for precharging.

NOTE 10 Reads or Writes listed in the Command/Action column include Reacigs or Writes with auto precharge enabled and Reads or

Writes with auto precharge disabled.
NOTE 11 A WRITE command may be applied after the completion of the READ burst
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7.23 COMMAND TRUTH TABLES (cont'd)
Table 48 — Truth Table — Current State Bank n — Command To Bank m

CA9 CA9 CAS CAS
CURRENT | (Rising | (Falling | (Rising | (Falling COMMAND/ACTION NOTES
STATE edge of | edge of | edge of | edge of
CK) CK) CK) CK)
H H
Any H H H L NO OPERATION (NOP/continue previous operation)
L H
Idle X X X X Any Command Otherwise Allowed to Bank m
Row Activating, L \Y% \Y% v ACTIVATE (select and activate row)
P?ecctlrll‘;ig ‘i’;g H L H H READ (select column and start READ burst) 8
H L H L WRITE (select column and start WRITE burst) 8
(WOM, WSM or WDM)
H L L L PRECHARGE
Read L v v A% ACTIVATE (select and activate row)
(Aultjoisl—;{)elzg?rge H L H H READ (select column and start new READ burst) 8
H L H L WRITE (select column and start WRITE burst) 8,9
(WOM, WSM or WDM)
H L L L PRECHARGE
Write L \% \% \% ACTIVATE (select and activate row)
(Au]gi)szﬁz}cll?rge H L H H READ (select column and start READ burst) 8
H L H L WRITE (select column and start new WRITE burst) 8
(WOM, WSM or WDM)
H L L L PRECHARGE
Read L \% \% v ACTIVATE (select and activate row)
(Iyllelgll 3;;’ H L H H READ (select column and start new READ burst) 8
H L H L WRITE (select column and start WRITE burst) 89
(WOM, WSM or WDM)
H L L L PRECHARGE
Write L \Y% \Y% v ACTIVATE (select and activate row)
(lj’/;]elgﬁ aArgé()) H L H H READ (select column and start READ burst) 8
H L H L WRITE (select column and start new WRITE burst) 8
(WOM, WSM or WDM)
H L L L PRECHARGE

NOTE1 H=Logic HIGH Level; L = Logic LOW Level; V = Valid signal (H or L, but not floating)
NOTE2 This table applies when CKE_n(n-1) was LOW and CKE_n(n) is LOW (see Table 46) and after tyg has been met (if the previous
state was self refresh).
NOTE 3 WRITE in this table refers to WOM/WOMA, WSM/WSMA and WDM/WDMA commands
NOTE 4 This table describes alternate bank operation, except where noted (i.e., the current state is for bank n and the commands
shown are those allowed to be issued to bank m, assuming that bank 1 is in such a state that the given command is
allowable). Exceptions are covered in the notes below.
NOTE5 Current state definitions:
Idle: The bank has been precharged, and tgp has been met.
Row Active: A row in the bank has been activated, tgcp has been met and no data bursts/accesses and no register
accesses are in progress.
Read: A READ burst has been initiated, with auto precharge disabled.
Write: A WRITE burst has been initiated, with auto precharge disabled.
Read with Auto Precharge Enabled: See following text
Write with Auto Precharge Enabled: See following text
NOTE 5a The read with auto precharge enabled or write with auto precharge enabled states can each be broken into two parts: the
access period and the precharge period. For read with auto precharge, the precharge period is defined as if the same burst
was executed with auto precharge disabled and then followed with the earliest possible PRECHARGE command that still
accesses all of the data in the burst. For write with auto precharge, the precharge period begins when ty ends, with tyg
measured as if auto precharge was disabled. The access period starts with registration of the command and ends where the
precharge period (or tgp) begins. During the precharge period of the read with auto precharge enabled or write with auto
precharge enabled states, ACTIVATE, PRECHARGE, READ and WRITE commands to the other bank may be applied. In
either case, all other related limitations apply (e.g., contention between read data and write data must be avoided).
NOTE 5b The minimum delay from a READ or WRITE command with auto precharge enabled, to a command to a different bank is
summarized in Table 49.
NOTE 6 REFab and MODE REGISTER SET commands may only be issued when all banks are idle.
NOTE7 All states and sequences not shown are illegal or reserved.
NOTE 8 READs or WRITEs listed in the Command/Action column include READs or WRITEs with auto precharge enabled and
READs or WRITEs with auto precharge disabled.
NOTE 9 A WRITE command may be applied after the completion of the READ burst.
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7.23 COMMAND TRUTH TABLES (cont’'d)
Table 49 — Auto Precharge Enabled/Disabled and PREab / PREpb Timings
ool | tocommann | Moy TON Ty | vorss
READ PREpb (same bank) trTP tck 5
PREpb (different bank) 1 tek
PREab tRTP tek 5
WRITE or WRITE w/ AP (any bank) trTW ns
READ or READ w/ AP (any bank) tcep tck
READ w/ AP | PREab trTP tek
PREpb (different bank) 1 tck
ACTIVATE or REFpb / REFp2b (same bank) trrp + RU(trp/tcky tek 56
WRITE or WRITE w/ AP (same bank) legal
WRITE or WRITE w/ AP (different bank) tRTW ns
READ or READ w/ AP (same bank) Illegal
READ or READ w/ AP (different bank) tcep tek 4
WRITE PREpb (same bank) WLmrs + BL/8 + RU twr/tck) tek 1,26
(WOORM\/,VZVI\]/?)M, PREpb (different bank) WOM =1, WDM =2, WSM = 3 tex
PREab WLmrs + BL/8 + RU twr/tck) tek 1,2,6
WRITE or WRITE w/ AP (same bank, w/o Data | WOM/WDM = tccp tCK 4,8
Mask) WSM = MAX [teep, 3 * tekd
WRITE or WRITE w/ AP (same bank, w Data WOM/WDM = MAX [tcep, tcecpmw] tCK 4,8
Mask) WSM = MAX [tcep, tecowwr 3 ™ texd
WRITE or WRITE w/ AP (different bank) WOM/WDM = tCCD tCK 4,8
WSM = MAX [tCCD, 3 * tCK]
READ w/ AP (same bank) WLmrs +BL/8 + MAX [RU twg/tck) tex | 1,23,5,6
- trrp » RUtwrr/tck)]
READ (same bank) WLmrs + BL/8 + RU twr/tck) tek 1,2,36
READ or READ w/ AP (different bank) WLmrs + BL/8 + RU twtr/tck) tck 1,2,36
WRITE w/ AP | PREab WLmrs + BL/8 + RU twr/tck) tek 1,2,6
(\‘/’V"gf\\fﬁf PREpb (different bank) WOM =1, WDM =2, WSM = 3 tex
WsMA) | ACTIVATE or REFpb / REFp2b (same bank) | WLmrs + BL/8 + WR + RUjtgp/tck) tek 1,2,6
ACTIVATE or REFpb / REFp2b (different bank) | WOM =1, WDM =2, WSM =3 tck
WRITE or WRITE w/ AP (same bank) Illegal
WRITE or WRITE w/ AP (different bank) WOM/WDM = tcep tCK 4,8
WSM = MAX [tcep, 3 * tekd
READ or READ w/ AP (same bank) Illegal
READ or READ w/ AP (different bank) WLmrs + BL/8 + RU twtr/tck) tck 1,2,36
PREpb PREpb (any bank) tppD tck
PREab tppD tek
PREab PREpb (any bank) or PREab tppD tek
NOTES:
1. BL = Burst length
2. WLmrs = Write latency
3. twrr = twrs When Bank Groups disabled or WRITE and READ access different bank groups, otherwise tyrg = twTrL
4. tccp = tceps when bank groups is disabled or the second WRITE or READ is to a different bank group, otherwise tccp=tceprs tcep
and tccpyw are effective for both PC mode and 2-channel operation.
5. trrp = trrpL. When Bank Groups enabled and the PRECHARGE command accesses the same bank, otherwise tgp = tryps
6. RU =round up to next integer
7. PREab is treated as a NOP for a bank when that bank is already idle or in the process of being precharged.
8. WOM / WDM / WSM in the “Minimum Delay between...” column refer to the “From Command”.
9. A command issued during the minimum delay time is illegal.
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7.24 CLOCK FREQUENCY CHANGE SEQUENCE

Step 1) Wait until all commands have finished, all banks are idle.

Step 2) If the new desired clock frequency is below the min frequency supported by PLL/DLL-on mode, turn the PLL/DLL
off via an MRS command. Similarly, if the new desired clock frequency is above the maximum frequency supported by Low
Frequency mode (fc p(max)), turn Low Frequency mode off via an MRS command. If the new desired clock frequency

requires termination, enable the termination before switching to the new frequency if it is not already enabled.

Step 3) Issue SELF REFRESH ENTRY command on both channels followed by NOP until tcppgp is met.

Step 4) Change the clock frequency and wait until clock is stabilized.
Step 5) Exit Self Refresh and wait for tys.

Step 6) Perform CA training if required.

Step 7) If the new clock frequency is within the PLL/DLL on range and the PLL/DLL on state is desired, enable the PLL/DLL
via an MRS Command if it is not already enabled. Similarly, if the new clock frequency is within the Low Frequency mode
range and the use of Low Frequency mode is desired, enable Low Frequency mode via an MRS command if it is not already
enabled. If the new clock frequency does not require termination, it is now safe to disable termination.

Step 8) Perform WCK2CK training. As defined in the WCK2CK training process, if the PLL/DLL is enabled, then complete
steps 8a and 8b:

8a) Reset the PLL/DLL by writing to the MRS register.

8b) Wait t, « clock cycles before issuing any commands to the device.

Step 9) Exit WCK2CK training.
Step 10) Perform READ and WRITE training, if required.
Step 11) Device is ready for normal operation after any necessary interface training.

NOTE: Either in Step 2 or Step 7 other Mode Register settings, for example, RLmrs, WLmrs, LP2, LP3 or RDQS mode, etc.
that need to change, should be set for the new frequency before any training and the device is ready for normal operation.
Otherwise proper operation cannot be guaranteed.
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7.25 DYNAMIC VOLTAGE SWITCHING (DVS)

GDDR6 SGRAMs supporting multiple supply voltages allow the supply voltage to be changed during the course of hormal
operation using the Dynamic Voltage Switching (DVS) feature. By using DVS the device's power consumption can be
reduced whenever only a fraction of the maximum available bandwidth is required by the current work load.

DVS requires the device to be properly placed into self refresh before the voltage is changed from the existing stable
voltage, Voriginal to the new desired voltage V- The DVS procedure may also require changes to the VDD Range mode

register using MR7 bits OP[9:8], depending on whether the feature is supported. The DRAM vendor’s datasheet shall be
consulted regarding the supported supply voltages for DVS, and any dependencies of AC timing parameters on the
selected supply voltage.

Clock frequency changes can also take place after entering self refresh mode using the standard Clock Frequency Change
procedure. A clock frequency change in conjunction with DVS is required if tey is less than tegmin supported by Vi In

this case normal device operation including self refresh exit is not guaranteed without a frequency change. Changing the
frequency while in self refresh is the most safe procedure.

Once self refresh is entered, tcksre must be met before the supply voltage is allowed to transition from Voyiginal to View-
After Vpp and Vppq are stable at Vye, tys must be met to allow for internal voltages in the device to stabilize before self
refresh mode may be exited. During the voltage transition the voltage must not go below V,;, of the lower voltage of
either Voriginal OF Vnew in order to prevent false chip reset. Vi, is the minimum voltage allowed by Vpp or Vppq in the DC
operating conditions table. Vggr shall continue to track Vppq.

DVS Procedure
Step 1) Complete all operations and precharge all banks.

Step 2) Issue MRS commands on both channels to set VDD Range to proper values for V,,. This step is only required when the VDD

Range mode register field is supported by the device. The DRAM vendor’s datasheet should be consulted to verify if the feature is sup-
ported.

Step 3) Enter self refresh mode on both channels. Self refresh entry procedure must be met.

Step 4) Wait required time tcgsge before changing voltage to View:

Step 5) Change Vpp and Vppq t0 Viyey-

Step 6) Wait required time tyg for voltage stabilization.

Step 7) Exit self refresh. The self refresh exit procedure must be met.

Step 8) Issue MRS commands to adjust mode register settings as desired (e.g., latencies, PLL/DLL on/off, CRC on/off).
Step 9) Perform any interface training as required.

Step 10) Continue normal operation.
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7.25 DYNAMIC VOLTAGE SWITCHING (DVS) (cont'd)

I I !
) Vorig—inal |

VDD, |
VDDQ Vss |

TO T1 T2 Ta0 Tb0 Tb1 Tb2 Tc0 Td0
[
\
[

t
< Voltage ramp > < VS "
CK_¢c — /ol /ol § - | 7\ " & - & -

| \
| ! I |
| —Pp | |
« aQ |
\ 1 T 2 % T T | |
CKEn | [ ] | | | o\ Ly
tRDSRE OT tWRSRE_ | ! | | | : \
tcpDED tg | |
trp —>4_—>\ ‘ ! P> |

Enter Self Refresh Mode Exit Self Refresh Mode O Don't Care

Self refresh exit requires WCK2CK training prior to any WRITE or READ operation
At least one REFRESH command shall be issued after tyg for output driver and termination impedance updates
Voriginal > Vnew shown as an example of a voltage change

Figure 103 — DVS Sequence
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7.26 TEMPERATURE SENSOR

GDDR6 SGRAMs incorporate a temperature sensor with digital temperature readout function. This function allows the
controller to monitor the die’s junction temperature and use this information to make sure the device is operated within the
specified temperature range or to adjust interface timings relative to temperature changes over time.

The temperature sensor is permanently enabled. The temperature readout uses the DRAM Info mode feature. The digital
value is driven asynchronously on the DQ bus following the MRS command to Mode Register 3 (MR3) that sets bit OP7 to 1
and bit OP6 to 0. The temperature readout will be continuously driven until an MRS command sets both bits to 0.

The device’s junction temperature is linearly encoded as shown in Table 50 and Figure 101. DRAM vendors may restrict the
readout to a subset of at least eight digital codes out of Table 50, corresponding to eight temperature thresholds. The
sensor’s accuracy is vendor specific.

Table 50 — Temperature Sensor Readout Pattern

. Binary Temperature Readout
Temperature [°C] Decimal Temperature Readout
DQI[7:0]
-40 0 0000 0000
0 20 0001 0100
2 21 0001 0101
4 22 0001 0110
6 23 0001 0111
8 24 0001 1000
120 80 0101 0000
>120 80 0101 0000
Decimal o
Read-out
80 1+ — -y — r — /T T T T T T T T T
70 1 \ \ \ \ \ \ |
ol L =
50 | | | | | | | |
wy o
w0l \ \ \ \ \ \ \ \
\ \ \ \ \ \ \
N1 — |~ 7 [ 1 T T T
10T \ \ \ \ \ \ \
0 t t t t t t t l >
-40 -20 0 +20 +40 +60 +80 +100 +120 Temperature
°C

Figure 104 — Temperature Sensor Readout Characteristic
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7.27 DUTY CYCLE CORRECTOR (DCC)

As GDDR6 SGRAM can operate with the PLL/DLL off during normal operation, the use of a Duty Cycle Corrector (DCC) can
correct for the duty cycle error of the WCK clocks, resulting in improved timing margins for Reads and Writes. The DCC can
be enabled at any time; however it is recommended to enable the DCC prior to WCK2CK training because any shift of rising
and falling WCK edges can impact the WCK2CK training results. A new duty cycle correction cycle is required upon a
frequency change.

DCC operation is controlled by MR7 OP[11:10]. The duty cycle correction is started by setting bit OP10. The DCC must be
held in this state for a minimum duration of tpcc. After tpec is met, bit OP11 shall be set to terminate the duty cycle

correction and hold the correction code. The DCC may be disabled at any time by resetting bits OP11 and OP10.

When in the “hold” state, the DCC will remember its correction code during power-down (with LP2 enabled) and self
refresh. In this case the WCK2CK training time upon power-down exit or self refresh exit is not gated by tpcc, as the

correction code will be automatically restored. Alternatively, a new duty cycle correction cycle could be started by resetting
bit OP11.

A new duty cycle correction cycle is required upon a frequency change.

Table 51 — DCC Timings
Parameter Symbol Min Max Unit

Required time for duty cycle corrector tbce 2048 - tck (or ns)

.........................

o [y .
abe M v mnns

CAD@OP x NOP x MRS égx NOP x NOP %x MMRS x NOP }( NOP%X MRS }
- 75- ri E: > > »

twckamrs T tvoo -+  twckerR ! tbcc f

1

Enter WCK2CK Exit WCK2CK Trainin
Training (resets WCK DCC start S Dcs\]}g;g CK (sets data synchronizers,g
divide by 2 circuits) ?P:;se Search resets FIFO pointers)

CK_t A W

Figure 105 — WK2CK Training Sequence with DCC

Table 52 — DCC Control Signals

OP11 OP10 DCC
0 0 DCC off
0 1 DCC start
1 0 Reserved
1 1 DCC hold
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7.28 DUTY CYCLE adjuster (DCA)

As GDDR6 SDRAM can operate with the PLL/DLL off during normal operation, the use of a Duty Cycle Corrector (DCA) can correct for the
duty cycle error of the WCK clocks, resulting in improved timing margins for Reads and Writes. The DCA can be enabled at any time
before or after WCK2CK training; however it must disable the DCC (MR7 OP[11:10]=00) prior to DCA because DCA code controlled by
DCC. A new duty cycle adjuster is required upon a frequency change.

DCA operation is controlled by MR14 OP[11:4]. OP[11:8] controls the offset of channel A byte 0 and Channel B byte 1. OP[7:4] controls
the offset of Channel A Byte 1 and Channel B byte 0.

The DCA code update delay time, tWCK2MRS+tWCK2TR, is required to complete the phase adjuster and is the minimum time required
between two DCA code changes.

WCK _t
CK_t
CA EOP“NOP NOP ):MRS:‘ NOP NOPxNOP NOP MNOP NOP MRS NOP MRS NOP NOP NDP MRS NOP NOP NOP MRS NOP NOP NOP “MRS NO“ MNOP NOP:‘A

" tuckamms fursTwek | wekar Lwckamrs+ Swekzamrs+ K2MRS+ tWCKZMRS*
T T T T Sckatr T kTR '|‘ wekaTr ]‘ Swckatr
WK St Entter WCK2CK WICK Restart Start WCK2CK  Exit WCK2CK  EDC Hold Change DCA code Change DCA code Change DCA code
% Training (resets WCK Phase Search  trsining  Patiein Change MR14) MR14) (MR14)
Divide By 2 circuits) -
HOST detect HOST detect HOST detect HOST detect
EDC duty EDC duty EDC duty EDC duty
WCK2CK Training W DCA )

AC.=any command allowed in bank idle state

Figure 106 — DCA after WCK2CK Training
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8. OPERATING CONDITIONS
8.1 ABSOLUTE MAXIMUM RATINGS

Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specifica-

tion is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Table 53 — Absolute Maximum Ratings

PARAMETER SYMBOL MIN MAX | UNIT | NOTES
Voltage on Vpp relative to Vgg Vbp -0.3 +1.62 \Y% 1
Voltage on Vppq relative to Vgg Vbpo -0.3 +1.62 \Y% 1
Voltage on Vpp relative to Vgg Vpp -0.3 +2.3 \% 2
Voltage on any signal relative to Vgg Vine Vourt -0.3 +1.62 \%
Storage temperature Tstg -55 +125 °C
NOTE1 Vpp and Vppg must be within 300 mV of each other at all times the device is powered-up.
NOTE 2 Vpp must be equal or greater than Vpp and Vpp at all times the device is powered-up.
8.2 PAD CAPACITANCES
Table 54 — Silicon Pad Capacitance
PARAMETER ! SYMBOL MIN | MAX | UNITS NOTES
Delta Input/Output Capacitance: DQs, DBI_n, EDC DCio pF 2
Delta Input Capacitance: CA, CKE_n, CABI_n DCi1 pF 3
Delta Input Capacitance: CK_t, CK_c DCi2 pF 4
Delta Input Capacitance: WCK_t, WCK _c DCi3 pF 5
Input/Output Capacitance: DQs, DBI_n, EDC Cio pF
Input Capacitance: CA, CKE_n, CABIL_n Ci1 pF
Input Capacitance: CK_t, CK_c Ci2 pF
Input Capacitance: WCK_t, WCK _c Ci3 pF
NOTE 1 This parameter is not subject to production test. It is verified by design and characterization. The silicon pad capaci-
tance is validated by deembedding the package L & C parasitics. The capacitance is measured with Vpp, Vppg and
Vgg, applied with all other signals floating.
NOTE 2 DCio = Cio (Max) — Cio (Min)
NOTE 3 DCil = Cil (Max) - Cil (Min)
NOTE 4 DCi2 = Absolute value of C CK_t-C CK_c
NOTE 5 DCi3 = Absolute value of C WCK_t — C WCK_c¢
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8.3 PACKAGE ELECTRICAL SPECIFICATION
Table 55 — GDDR6 SGRAM Package Electrical Specifications

PARAMETER !?%3 SYMBOL MIN MAX | UNIT | NOTES
Input/Output package impedance: DQs, DBI_n, EDC Zio 35 50 Q
Input/Output package delay: DQs, DBI_n, EDC Tdio 10 50 ps
Input package impedance: CA, CABI_n, CKE_n 7y 35 50 Q
Input package delay: CA, CABI_n, CKE_n Tdp 15 60 ps
Input package impedance: CK_t, CK_c Zp 25 35 Q
Input package delay: CK_t, CK_c Tdp, 25 60 ps
Delta input package impedance: CK_t, CK_c Dz, - 5 Q 4
Delta input package delay: CK_t, CK_c DTdp, - 10 ps 5
Input package impedance: WCK_t, WCK _c 713 30 45 Q
Input package delay: WCK_t, WCK _c Td3 10 35 ps
Delta input package impedance: WCK_t, WCK _c DZ; - 5 Q 6
Delta input package delay: WCK_t, WCK_c DTdy3 - 10 ps 7

NOTE 1

NOTE 2

NOTE 3

NOTE 4
NOTE 5
NOTE 6
NOTE 7

This parameter is not subject to production test. It is verified by design and characterization. The package L & C
parasitics are validated using package only samples. The capacitance is measured with Vpp, Vppg and Vg shorted with
all other signals floating. The inductance is measured with Vpp, Vppg and Vgg shorted and all other signal balls shorted
at the die side (not ball).

Package only impedance (Z is calculated based on the Ly and Cpy, total for a given pin where

Z,gtotal per pin) = J Lokg/Cpkg

) is calculated based on Ly and Cpy total for a given pin where

Tdpyg(total per pin) = Lykg*Cpig
DZ;, = Absolute value of Zj, CK_t - Z;, CK_c
DTdy, = Absolute value of Td, CK_t — Tdj, CK_c
DZ;3 = Absolute value of Zj3 WCK_t — Z;3 WCK _c
DTdy3 = Absolute value of Tdjz WCK_t — Tdj3 WCK _c

pkg)

Package only delay (Tdpyg
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8.4 PACKAGE THERMAL CHARACTERISTICS

Table 56 — Thermal Characteristics

Parameter Description Value ’ Units Notes
Theta_JA Thermal resistance junction to ambient 244 °C/W 1,2,3,5
T]_MAX Maximum operating junction temperature 95.81 °C 4
TC_MAX Maximum operating case temperature 85 °C 4
Theta_JC Thermal resistance from junction to case 3.4 °C/W 1,6
Theta_]B Thermal resistance junction to board 8.3 °C/W 1,2,6

51 standard.

limits.

NOTE 1 Measurement procedures for each parameter must follow standard procedures defined in the current JEDEC JESD-

NOTE 2 Theta_JA and Theta_]JB must be measured with the high effective thermal conductivity test board defined in JESD51-7
NOTE 3 Airflow information must be documented for Theta_JA.
NOTE4 TJ_MAXand TC_MAX are documented for normal operation in this table. These are not intended to reflect reliability

NOTE 5 Theta_JA should only be used for comparing the thermal performance of single packages and not for system related

junction temperature prediction.
NOTE 6 Theta_]JB and Theta_JC are derived through a package thermal simulation.
NOTE 7 Values are guaranteed by design but not tested in production

Notes : DRAM Component Operating Temperature Range

Symbol Parameter Rating Units Notes
Toper | Normal Operating Temperature Range 0to 85 °C 12
Notes:

1. Operating Temperature TOPER is the case surface temperature on the center / top side of the DRAM. For measurement condi-
tions, please refer to the JEDEC document JESD51-2.

2. The Normal Temperature Range specifies the temperatures where all DRAM specifications will be supported. During operation,

the DRAM case temperature must be maintained between 0 - 85°C under all operating conditions.

8.5 ELECTROSTATIC DISCHARGE SENSITIVITY CHARACTERISTICS

Table 57 — Electrostatic Discharge Sensitivity Characteristics

PARAMETER 2 SYMBOL MIN MAX | UNIT | NOTES
Human body model (HBM) ESDypm 1000 - A% 3
Charged-device model (CDM) ESDcpm 250 - \Y% 4

NOTE 1 Electrostatic discharge minimum requirements are defined for the high-speed interface balls of the device only. They do
not apply to ZQ, RESET_n, TCK, TMS, TDI and TDO.
NOTE 2 State-of-the-art basic ESD control measures have to be in place when handling devices.
NOTE 3 Refer to ESDA /JEDEC Joint Standard JS-001-2014 for measurement procedures.
NOTE 4 Refer to JS-002-2014 for measurement procedures
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8.6 AC & DC OPERATING CONDITIONS

Initially, all GDDR6 SGRAMs are designed for 1.35V typical VDDQ voltage supplies. The interface of GDDR6 with 1.35V

VDDQ termination will follow the POD135 Standard (JESD8-21), Class D. GDDR6 SGRAMs can also be designed for 1.25V
typical VDDQ voltage supplies. In that case the interface of GDDR6 with 1.25V VDDQ termination will follow the POD125

Standard (JESD8-30), Class A. GDDR6 SGRAMs can also be designed to support multiple VDDQ supply voltages, e.g. 1.35V
and 1.25V. In that case the interface of GDDR6 with follow the related POD standard.

Vendor datasheets should be consulted for actual VDD and VDDQ voltages supported by a GDDR6 device as factors such
as process technology and supported system voltage(s) many require typical operating voltages to be added, dropped or

maintained over time.

GDDR6 SGRAMs can also support the switching of the VDD and VDDQ supply voltages during self refresh. The Dynamic

Voltage Switching (DVS) procedure should be followed when switching between supply voltages. Vendor datasheets should
be consulted for details regarding DVS support.

Table 58 — DC Operating Conditions

POD135 POD125
Parameter Symbol Min |Typ Max Min Typ Max Unit | Note
Device supply voltage Vbp 13005 |135| 13905 L2 % L v |1
Output supply voltage Vbbo 13095 |135| 13905 L2z e L2 v o1
Pump voltage Vpp 1.746 1.8 1.908 1.746 1.8 1.908 A% 2
Veerp | 069 * Vppo 0.71* Vppo | 0.69* Vppo 071*Vppo | V | 3,4
Reference voltage: DQ and DBI_n pins
VREFD2 0.49 * Vppg 0.51*Vppg | 049* Vppg 0.51*Vppg vV 3,45
VREEC 0.69 * Vppg 0.71* Vppg | 0.69* Vppg 0.71* Vppg \% 6
Reference voltage: CA pins
Vrerez | 049 Vppg 0.51*Vppo | 0.49 * Vppo 051*Vppo | V | 6,7
DCi t logic HIGH volt: ith V :
Ca Tputoslc Vvoitage with VRErC Viga(DC) | Vggre +0.135 Vygpc +0.125 \Y%
DC input logic LOW volt ith V :
Ca putiosie voltage With VREFC Via(DC) Vgerc - 0.135 Vgerc-0.125 |V
DC input logic HIGH volt ith V :
Ca Tputiosle voTtage WIth YREFC2 ViHa2(DC) | Vgeres +0.27 VRerco +0.25 \
DC input logic LOW volt. ith V :
Ca Tputfosle VOltage Wit YREFC2 ViLa2(DCO) VRerc2 - 0.27 VRepc2-025 |V
DC input logic HIGH volt ith V :
DO {:‘f&‘Dé’Igj; Vvoltage with VREFD Viup(DC) | Vggrp + 0.09 Vgerp +0.085 \%
DC input logic LOW volt ith V :
DO o Dé’lg_l < VOltage Wit VReFD ViLp(DC) Vgerp - 0.09 VRerp-0.085 |V
DCi t logic HIGH volt: ith V :
DO g}quuDé’fg_ﬁ Vvoitage With VREFD2 Viip2(DC) | Vrgppa +0.27 Vrgppo + 025 \Y
DC input logic LOW volt ith V :
DQ b Dé)lgj . Voltage With YREFD2 ViLp2(DC) VrerD2 - 0.27 VRepp2-0-25 |V
RESET_n and Boundary Scan input logic
HIGH voltage; EDC and CA input logic high
voltage for x16/x8 mode, PC vs. 2-channel Virr 0.8 Vppg 0.8 Vppg v 8
mode, CK and CA ODT select at reset
RESET_n and Boundazy Scan input logic
LOW voltage; EDC and CA input logic low
voltage for x16/x8 mode, PC vs. 2-channel ViLr 0.2* Vpbpg 0.2* Vppg M 8
mode, CK and CA ODT select at reset
Input leakage current (any input 0V <= Vy <=
Vppg; all other signals not under test = 0V) I A
Output Leakage Current (outputs are
disabled; Ioz HA
0V <=Vour <= VppQ)
Output logic LOW voltage Vor(DC) 0.56 0.52 A%
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Table 58 — DC Operating Conditions

POD135 POD125
Parameter Symbol Min |Typ| Max Min Typ Max Unit | Note
Ble gpded Clock input voltage level: Vin 030 Vpp+0.30 | 030 Vopg +0.30 13

Clock input mid-point voltage: CK_t, CK_c Vmp(DC) | Vggre - 0.10

Virgrc +0.10 | Vggpe - 0.10 Vrerc+010 | V9,12

Clock input differential voltage: CK_t, CK_c¢ | Vipck(DC) 0.198 0.18 v 110,12

\(/:\}ECIE i;wput differential voltage: WCK_t, Vipwek(DO) 018 0.165 v o|11,14

NOTE1 GDDR6 SGRAMs are designed to tolerate PCB designs with separate Vpp and Vppg power regulators.

NOTE 2 DC bandwidth is limited to 20 MHz.

NOTE 3 AC noise in the system is estimated at 50mV pk-pk for the purpose of DRAM design.

NOTE 4 The reference voltage source and control for DQ and DBI_n pins are determined by Half VREFD and VREFD Level mode
register bits.

NOTE 5 Programmable VREFD levels are not supported with Vgggps.

NOTE 6 The reference voltage source (external or internal) is determined at power-up; the reference voltage level is determined by
Half VREFC and the VREFC Offset mode register bits.

NOTE 7 Programmable VREFC offsets are not supported with Viggco.

NOTE 8 Vg and Vi g apply to boundary scan input pins TDI, TMS and TCK. Vi and Vy g apply to EDC and CA inputs at reset
when latching default device configurations. Vg and Vy  also apply to CA, CABI_n, CKE_n, CK, DQ, DBI_n, EDC and
WCK inputs when boundary scan mode is active and input data are latched in the Capture-DR TAP controller state.

NOTE9 This provides a minimum of 0.845 V to a maximum of 1.045 V, and is normally 70% of Vppg. DRAM timings relative to CK_t

cannot be guaranteed if these limits are exceeded.

NOTE 10 Vipck is the magnitude of the difference between the input level in CK_t and the input level on CK_c. The input reference

level for signals other than CK_t and CK_c is Vgggc.

NOTE 11 Vipwck is the magnitude of the difference between the input level in WCK_t and the input level on WCK_c. The input

reference level for signals other than WCK_t and WCK_c is either Vrgrc, VRerc2, VREFD OF VREFD2-

NOTE 12 The CK_tand CK_cinput reference level (for timing referenced to CK_t and CK_c) is the point at which CK_t and CK_c cross.

Please refer to the applicable timings in the AC Timings table.

NOTE 13 Use Vg and Vi g when boundary scan mode is active and input data are latched in the Capture-DR TAP controller state.
NOTE 14 The WCK_t and WCK_c input reference level (for timing referenced to WCK_t and WCK_c) is the point at which WCK_t and

WCK _c cross. Please refer to the applicable timings in the AC Timings table.
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8.6 AC & DC OPERATING CONDITIONS (cont’d)

Table 59 — AC Operating Conditions (For Design only'!)
POD135 POD125 X
Parameter Symbol - - Unit | Note
Min Typ Max Min Typ Max

ég input logic HIGH voltage with Vgggc: ViHA(AC) | Vigpe+0.18 Viggre +0.165 v

ég input logic LOW voltage with Vgggc: ViA(AQ) Vegre - 0.18 Vigrc - 0.165 v

ég input logic HIGH voltage with Vggpc: Viaa(AC) | Vigpe+036 Vigre +0.333 v

ég input logic LOW voltage with Vgggcy: Vi aa(AC) Vigrc - 0.36 Vigre - 0333 v

S(C) ie&%u]ti)lé)lgj; HIGH voltage with Vrgpp: ViHD(AC) | Vigrp +0.135 Vigep +0.125 v

S(CQ larh%ult)lglg_l; LOW voltage with Vggpp: Vip(AC) VgD - 0.135 VgD - 0.125 v

B mput lopic HIGH voltage with VRERD2 | vyy1,)(AC) | Vigrpa +0.36 Vigrns + 0.333 v

S(C) ;ﬁ%u]t:)lé)lgii; LOW voltage with Vggppy: Vipa(AC) VREerD2 - 0.36 VREpD2-0333 |V

Clock input differential voltage: CK_t, CK_c | Vipck(AC) 0.36 0.333 A\ 1,35

\(/:\}OCCIE iélput differential voltage: WCK_t, Vipwek(AC) 027 025 1,46

gg_dc( nput crossing point voltage; CK_t Vixck(AC) | Vggrc - 0108 VRerc +0.108 | VRgpc - 0.10 Vrepc+0.10 | V1 1,2,5

\%OCCI?_T put crossing point voltage: WKty v cx(AQ)| Vigrp -0.09 Vrerp +0.09 | Vggpp - 0.09 VRerp +0.09 |V [1,2,6,7

Allowed time before ring back of CK/WCK t s 189 10

below Vipck(AC) Vipwck(AC) bvac L

NOTE 1 For AC operations, all DC clock requirements must be satisfied as well.

NOTE 2 The value of Vixck and Vixwck is expected to equal 70% Vppg for the transmitting device and must track variations in the
DC level of the same.

NOTE 3 Vipck is the magnitude of the difference between the input level in CK_t and the input level on CK_c. The input reference
level for signals other than CK_t and CK_cis Vgggc.

NOTE 4 Vipwck is the magnitude of the difference between the input level in WCK_t and the input level on WCK_c. The input
reference level for signals other than WCK_t and WCK_C is either VREFC’ VREFCZ’ VREFD or VREFDZ‘

NOTE 5 The CK_tand CK_cinput reference level (for timing referenced to CK_t and CK_c) is the point at which CK_t and CK_c cross.
Please refer to the applicable timings in the AC Timings table.

NOTE 6 The WCK_t and WCK_c input reference level (for timing referenced to WCK_t and WCK_c) is the point at which WCK_t and
WCK _c cross. Please refer to the applicable timings in the AC Timings table.

NOTE 7 VREFD is either VREFD or VREFDZ

NOTE 8 Figure 105 illustrates the exact relationship between (CK_t - CK_c) or (WCK_t - WCK_c) and Vp(AC), Vip(DC) and tpyac-

NOTE 9 Ring back below Vip(DC) is not allowed.

NOTE 10 tpyac is not measured in and of itself as a compliance specification, but is relied upon in measurement of clock operating
conditions and clock related parameters.

NOTE 11 The AC Operating conditions are for DRAM design only and are valid on the silicon at the input of the receiver. They are not
intended to be measured.
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8.6 AC & DC OPERATING CONDITIONS (cont'd)

=— VDDQ

VOH
4_ System Noise Margin (Power/Ground,
< Crosstalk, Signal Integrity Attenuation)
— - V — VIH (AC)
—_ - — VIH (DC)

| €—VREF + AC Noise
[ €—VREF + DC Noise
[€—VREF-DCNoise
| €—VREF - DC Noise

— VIL (DC)

_ FAN — Vs

ST IS NEGEPIN SR I . - - -
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v 1 2 oY, /\/, ,\—‘—\‘/,\/, .| VIL (AC)

v - A e 22 ,\,\/l, _’\I~,
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Note: VREF, VIH, VIL refer to
whichever VREFx (VREFD or
VREFC) is being used.

Output Input
Figure 107 — Voltage Waveform
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8.6 AC & DC OPERATING CONDITIONS (cont'd)

M S — = Maximum Clock Level

e e e R i l— Minimum Clock Level

Vip (ac)MIN

Vib (bo) MIN

half cycle

A 4

-VooomMmn) o\ ]

-Voaowmn~) o\

Differential Input Voltage (i.e., WCK_t - WCK_c, CK - CK_¢)

tDVAC

'

l—

time

Figure 109 — Definition of differential ac-swing and “time above ac-level” tpyac
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8.7 PODI/OSYSTEM

The POD I/O system is optimized for small systems with very high data rates. The system allows a single Master device to
control one or two slaves in the case of GDDR6. The POD driver uses either a 60/40 Ohm output impedance that drives
into @ 60 Ohm equivalent terminator tied to Vppq or a 48/40 Ohm output impedance that drives into a 48 Ohm equivalent

terminator tied to Vppq. Single and dual load systems are shown as follows:

VDDQ
120 Ohm 1200m| 2 Slaves
40/60 Ohm,
VDDQ
Data Bit or CA %60 onm | 1Slave
40/60 Ohm,

Figure 110 — System Configurations

The POD Master I/0 cell is comprised of a 60/40 Ohm driver and a terminator of 60 Ohms or a 48/40 Ohm driver and a
terminator of 48 Ohms. The Master POD cell's terminator is disabled when the output driver is enabled. The basic cell is

shown in Figure 108.

VDDQ

60 Ohm (or 48 Ohm) Terminator
Enabled when receiving

“

Output Data
Output Enable

VSS 60 Ohm (or 48 Ohm) pull-up and 40 Ohm pull-down
when transmitting

Figure 111 — Master I/0 Cell
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8.7 PODI/0O SYSTEM (cont'd)

The POD Slave I/0 cell is comprised of a 60/40 ohm driver and programmable terminator of 60 or 120 ohms for GDDR6 or
a 48/40 ohm driver and programmable terminator of 48 or 120 ohms for GDDR6. The Slave POD cell's terminator is
disabled when the output driver is enabled or any other Slave output driver is enabled. The basic cell is shown in Figure
109.

VDDQ

60 Ohm (or 48 Ohm) Terminator
Enabled when receiving

Output Data
Output Enable

Read to other Slave

e

DQ

VSS 60 Ohm (or 48 Ohm) pull-up and 40 Ohm pull-down
when transmitting

Figure 112 — Slave I/0 Cell

The POD Master and Slave I/O cells are intended to have their driver and terminators combined together to minimize the
area needed to implement the cell and reduce input capacitance. For GDDR® this is possible by using three 120 Ohm
driver/terminator sub cells that are connected in parallel to result in a 60/40 ohm driver and programmable terminator of
60 or 120 ohms. The combinations used are as follows.

Table 60 — POD I/0 Sub Cells, 120 ohm Based

# of 120 ohm Sub Cells .
Enabled Resulting Impedance Use
1 120 Ohms 2 Slave loads
1 Slave load or Master
2 60 Ohms terminator
3 40 Ohms Master or Slave Driver

To ensure that the target impedance is achieved the POD I/O cell is designed to be calibrated to an external 1% precision
resistor.

The following procedure may be used to calibrate the cell:

1.) First calibrate the PMOS device against a 120 Ohm resister to VSS via the ZQ pin as illustrated in Figure 110.
® Set Strength Control to minimum setting
® Increase drive strength until comparator detects data bit is greater than VDDQ/Z
® PMOS device is calibrated to 120 Ohms

2.) Then calibrate the NMOS device against the calibrated 120 Ohm PMOS device as illustrate in Figure 111.
® Set Strength Control to minimum setting
® Increase drive strength until comparator detects data bit is less than Vppq/2
® NMOS device is now calibrated to 120 Ohms
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8.7 PODI/0O SYSTEM (cont'd)

VDDQ

Strength control [2:0] ﬂ
3

Comparator
% 120 Ohms
Match
~N.———— VDDQ/2
VSS
When Match PMOS leg is calibrated to 120 ohms
Figure 113 — PMOS Calibration
VDDQ

Calibrated PMOS Strength / #
3

Comparator

Match

VDDQ/2

Strength control [2:0]%
3

VSS

Figure 114 — NMOS Calibration
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8.8 IDD and IPP PARAMETERS and TEST CONDITIONS

This chapter defines IDD and IPP measurement conditions such as test load and patterns. Figure 112 shows the setup and
test load for IDD and IPP measurements.

® IDD currents are measured as time-averaged currents, with all Vpp balls of the device under test tied together. IDDQ and IPP
currents are not included in IDD currents.

® IPP currents are measured as time-averaged currents with all Vpp balls of the device under test tied together. IDD and IDDQ
currents are not included in IPP currents:

For IDD and IPP measurements, the following definitions apply:

"0"” and “LOW" is defined as VIN <= VILAC(max);

"1" and “HIGH" is defined as VIN >= VIHAC(min);

CABI and DBI are enabled;

All ODTs are enabled with ZQ/2 for Data, CA and WCK inputs;
WLmrs, RLmrs, RAS, WR are set to appropriate values;

CRC is enabled for READs and WRITEs with appropriate CRCWL and CRCRL settings;
the EDC hold pattern is programmed to’'0101;

Bank groups are enabled if required for device operation at te(min);
Command Address (CA) inputs include CABI_n;

Each data byte consists of eight DQs and one DBI_n;

NOP with all CA inputs pulled HIGH during idle command cycles;

Data pattern (one burst of 16) used with IDD1, IDD4R, IDD4W and IDD7 pattern:
- DATAO is vendor specific. For example, 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh
- DATAL1 is vendor specific. For example, 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h

Basic IDD and IPP Measurement Conditions including timings used for IDD Measurement-Loop Patterns are described in Table 61.

® DD Measurements are done after properly initializing the device. This includes the pre-load of the memory array with data pattern
used with IDD1, IDD4R and IDD7 measurements.

® The IDD and IPP Measurement-Loop patterns shall be executed at least once before actual measurement is started.
® The measurements should be first taken with the device configured to x16 mode first and the x8 mode (2 separate measurements)
® Measurements are taken per device with the same IDD Measurement-Loop Patterns on both channels
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8.8 IDD and IPP PARAMETERS and TEST CONDITIONS (cont’d)

Figure 115 — Measurement Setup and Test Load for IDD and IPP Measurements

Ipp Irp

v
[ I

TTTTIT

17

RESET _n
CK_t,CK_c¢
WCK_t,WCK_c
CKE_n

CA[9:0]
CABILn

GDDR6 SGRAM

VREFC
2Q

VbD Vpp

DQ,| 60 Ohms

DBLnl 1 o
EDC

Vss

‘

Rev 1.1 / Jul.2021

Confidential

150



SK%

8.8 IDD and IPP PARAMETERS and TEST CONDITIONS (cont’d)

Table 61 — IDD Specifications and Test Conditions

PARAMETER/CONDITION SYMBOL NOTES
One Bank Activate Precharge Current: tcy = tog(min); tycg = tweg(min); tre = tre(min); CKE_n=LOW; DQ, DBI_n IDDO0 1
are HIGH; bank and row addresses (5 CA inputs set LOW) as defined in Table 62 with ACT command; AC timings as
defined in Table 67 IPPO 1,2
One Bank Activate Read Precharge Current: tcyg = tcx (min); tycg = tweg(min);
trc = tre(min); CKE_n = LOW; one bank activated; single read burst with 50% data toggle on each data transfer, with IDD1 1
4 outputs per data byte driven LOW; otherwise DQ, DBI_n are HIGH; bank, row and column addresses (5 CA inputs
set LOW) as defined in Table 63 with ACT and READ commands; AC timings as defined in Table 67; oyt = 0mA
Precharge Power-down Current: tcyg = tcg (min); twegk = tweg(min); all banks idle; IDD2P
CKE_n = HIGH; all other inputs are HIGH; PLL/DLLs are off
Precharge Standby Current: t-x = tcg (min); tyck = twcek(min); all banks idle; IDD2N
CKE_n =LOW; all other inputs are HIGH
Active Power-down Current: tcx = tck (min); tycg = tweg(min); one bank active; IDD3P
CKE_n = HIGH; all other inputs are HIGH
Active Standby Current: tcy = tcg (min); twek = twek(min); one bank active; IDD3N
CKE_n =LOW; all other inputs are HIGH IPP3N 1,2
Read Burst Current: tcy = tog (min); tyeg = tycg(min); CKE_n = LOW; one bank in each of the 4 bank groups
activated; continuous read burst across bank groups with 50% data toggle on each data transfer, with 4 outputs per IDD4R
data byte driven LOW as defined in Table 64; bank and column addresses (5 CA inputs set LOW) as defined in Table
64; with READ command; Iyt = 0mA
Write Burst Current: toi = tog (min); tyck = tweg(min); CKE_n = LOW; one bank in each of the 4 bank groups
activated; continuous write burst across bank groups with 50% data toggle on each data transfer, with 4 inputs per IDDAW
data byte set LOW; as defined in Table 65; bank and column addresses (5 CA inputs set LOW) as defined in Table 65;
with WRITE command; no data mask
R . _ N _ . _ . . . . _ . IDD5 1
efresh Current: tcy = tog (min); twek = twek(Min); trpcap = treCap(Min) as defined in Table 67; CKE_n = LOW; DQ,
DBI_n are HIGH; CA inputs are HIGH IPP5 1,2
Self Refresh Current: CKE_n= HIGH; all other inputs are HIGH IDD6
Four Bank Interleave Read Current: t-g = tog(min); tycg = twek(min); CKE_n = LOW; 1DD7
one bank in each of the 4 bank groups activated and precharged at tg(min); continuous read burst across bank
groups with 50% data toggle on each data transfer, with 4 outputs per data byte driven LOW as defined in Table 66;
bank, row and column addresses (5 CA inputs set LOW) as defined in Table 66; with ACT and READ/READA 1rr7 1,2
commands; Ioyr=0mA
NOTE 1: Min tgc or trgcap for IDD measurements is the smallest multiple of tcg that meets the minimum of the absolute value for the respective pa-
rameter.
NOTE 2: IPP currents have the same definition as IDD except that the current on the VPP supply is measured. IPP0 test and limit is applicable for IDDO
and IDD1 conditions. IPP3N test and limit is applicable for all IDD2X, IDD3X, IDD4X and IDD6 conditions.
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Table 61.1 — IDD Specifications and Test Conditions (1.35V)

Symbol 14Gbps @1.35V 16Gbps @1.35V 18Gbps @1.35V
X16 X8 X16 X8 X16 X8
IDDO 180 170 180 180 TBD TBD
IPPO 30 30 30 30 TBD TBD
IDD1 190 180 200 190 TBD TBD
1DD2P 50 50 50 50 TBD TBD
IDD2N 100 100 100 100 TBD TBD
IDD3P 70 60 70 70 TBD TBD
IDD3N 120 120 130 130 TBD TBD
IPP3N 20 20 20 20 TBD TBD
IDD4R 770 490 870 550 TBD TBD
IDD4W 590 540 660 630 TBD TBD
IDD5 660 660 670 670 TBD TBD
IPP5 160 160 160 160 TBD TBD
IDD6N 75 75 75 75 TBD TBD
IDD7 1030 730 1150 810 TBD TBD
1PP7 70 70 80 80 TBD TBD

Table 61.2 — IDD Specifications and Test Conditions (1.25V)

B 12Gbps @1.25V 14Gbps @1.25V 16Gbps @1.25V
X16 X8 X16 X8 X16 X8
IDDO 140 140 150 160 160 160
IPPO 30 30 30 30 30 30
IDD1 150 140 160 160 180 170
IDD2P 50 50 50 50 50 50
IDD2N 80 80 80 80 90 90
IDD3P 50 50 60 50 60 60
IDD3N 100 100 110 100 110 110
IPP3N 20 20 20 20 20 20
IDD4R 610 390 700 450 790 500
IDD4W 460 430 530 510 590 550
IDD5 500 500 570 640 650 640
IPP5 120 120 140 160 160 160
IDD6N 75 75 75 75 75 75
IDD7 830 600 940 670 1050 740
IPP7 70 70 70 70 80 70
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8.8 IDD and IPP PARAMETERS and TEST CONDITIONS (cont’d)

Table 62 — IDD0 Measurement-Loop Pattern

Sub- | Cydle
Loop | Number Command | Clock | CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CAl1 | CAO |CABLn Data
Rising H L H H H H H L L L L
0 ACT -
Falling L L H H H H H H L L H
Rising H H H H H H H H H H H
1 NOP -
Falling H H H H H H H H H H H
0 repeat NOP until cycle (nRAS -1)
Rising H L L L L L H H H H H
nRAS PRE -
Falling L L H H H H H H H H H
Rising H H H H H H H H H H H
nRAS +1 NOP -
Falling H H H H H H H H H H H
repeat NOP until cycle (nRC -1)
1 nRC repeat sub-loop 0 pattern until cycle (2* nRC -1); use BA = 03h and RA =03C7h instead
2 2* nRC repeat sub-loop 0 pattern until cycle (3* nRC -1); use BA = 04h and RA =07C7h instead
3 3*nRC repeat sub-loop 0 pattern until cycle (4* nRC -1); use BA = 07h and RA =01C7h instead
NOTE1 IDD test data & command pattern is vendor specific. Users should refer to vendor’s GDDR6 datasheet.
Table 63 — IDD1 Measurement-Loop Pattern
sub- | Cycle | command | Clock | CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAO |CABLn| Data
Loop | Number —
Rising H L H H H H H L L L L
0 ACT -
Falling L L H H H H H H L L H
Rising H H H H H H H H H H H
1 NOP -
Falling H H H H H H H H H H H
repeat pattern until cycle (nRCDRD -1)
Rising L L H H H H L L H H L
nRCDRD READ DATAO
Falling H L H H L H L L H H L
0 ARCDRD NOP Rising H H H H H H H H H H H ~
+1 Falling H H H H H H H H H H H
repeat pattern until cycle (nRAS -1)
Rising H L L L L L H H H H H
nRAS PRE -
Falling L L H H H H H H H H H
Rising H H H H H H H H H H H
nRAS +1 NOP -
Falling H H H H H H H H H H H
repeat pattern until cycle (nRC -1)
1 nRC repeat sub-loop 0 pattern until cycle (2* nRC -1); use BA = 03h, RA = 03C7h, CA =23h and DATA1 instead
2 2*nRC repeat sub-loop 0 pattern until cycle (3* nRC -1); use BA = 04h, RA = 07C7h, CA = 4Ch and DATAOQ instead
3 3*nRC repeat sub-loop 0 pattern until cycle (4* nRC -1); use BA = 07h, RA = 01C7h, CA =23h and DATALI instead
NOTE 1 IDD test data & command pattern is vendor specific. Users should refer to vendor’s GDDR6 datasheet.
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8.8 IDD and IPP PARAMETERS and TEST CONDITIONS (cont’'d)
Table 64 — IDD4R Measurement-Loop Pattern

Sub- | Cycle
Loop | Number Command | Clock | CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAO0 |CABI_n Data
Rising H H H L L L H H L L H
0 READ DATAO
Falling H L H H L H L L H H L
Rising H H H H H H H H H H H
1 NOP -
Falling H H H H H H H H H H H
Rising H H L L H H L L H H H
2 READ DATA1
Falling H L H H L H L H L H L
Rising H H H H H H H H H H H
3 NOP -
Falling H H H H H H H H H H H
0
Rising H H L H L L H H L L H
4 READ DATAO
Falling H L H H L H L L H H L
Rising H H H H H H H H H H H
5 NOP -
Falling H H H H H H H H H H H
Rising H H L H H H L L H H H
6 READ DATA1
Falling H L H H L H L H L H L
Rising H H H H H H H H H H H
7 NOP -
Falling H H H H H H H H H H H
NOTE 1 IDD test data & command pattern is vendor specific. Users should refer to vendor’s GDDR6 datasheet.

Table 65 — IDD4W Measurement-Loop Pattern

Sub- | Cydle
Loop | Number Command | Clock | CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAO |CABLn Data
Rising H H H L L L H H L L H
0 WRITE DATAO
Falling H H H H L H L L H H L
Rising H H H H H H H H H H H
1 NOP -
Falling H H H H H H H H H H H
Rising H H L L H H L L H H H
2 WRITE DATA1
Falling H H H H L H L H L H L
Rising H H H H H H H H H H H
3 NOP -
Falling H H H H H H H H H H H
0
Rising H H L H L L H H L L H
4 WRITE DATAQ
Falling H H H H L H L L H H L
Rising H H H H H H H H H H H
5 NOP -
Falling H H H H H H H H H H H
Rising H H L H H H L L H H H
6 WRITE DATAL1
Falling H H H H L H L H L H L
Rising H H H H H H H H H H H
7 NOP -
Falling H H H H H H H H H H H
NOTE 1 IDD test data & command pattern is vendor specific. Users should refer to vendor’s GDDR6 datasheet.
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8.8 IDD and IPP PARAMETERS and TEST CONDITIONS (cont'd)
Table 66 — IDD7 Measurement-Loop Pattern
Sub- | Cyde | 0 mand| Clock | CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAO |CABLn| Data
Loop | Number =
0 Rising L H H L L L L H H H H
0 ACT -
Falling L L L H H H H H L H L
Rising H H L L H H L L H H H
1 READ DATAO
Falling H L H H L H L H L H L
Rising H H H H H H H H H H H
2 NOP _
Falling H H H H H H H H H H H
Rising H H L H H H H H L L H
3 READ DATA1
Falling H L H H L H L L H H L
Rising H H H H H H H H H H H
4 NOP -
Falling H H H H H H H H H H H
Rising H H L H H H L L H H H
5 READ DATAO
Falling H L H H L H L H L H L
Rising H H H H H H H H H H H
6 NOP -
Falling H H H H H H H H H H H
Rising H H L L H H H H L L H
7 READ DATA1
Falling H L H H L H L L H H L
Rising H H H H H H H H H H H
8 NOP _
Falling H H H H H H H H H H H
Rising H H L L H H L L H H H
9 READA DATAO
Falling L H L L H H H L H L H
Rising H H H H H H H H H H H
10 NOP -
Falling H H H H H H H H H H H
Rising H H L H H H H H L L H
11 READ DATA1
Falling H L H H L H L L H H L
Rising L H L H L L L H H H H
12 ACT -
Falling L L L H H H H H L L H
Rising H H L H H H L L H H H
13 READ DATAO
Falling H L H H L H L H L H L
Rising H H H H H H H H H H H
14 NOP -
Falling H H H H H H H H H H H
Rising H H H L L L H H L L H
15 READ DATA1
Falling H L H H L H L L H H L
Rising H H H H H H H H H H H
16 NOP _
Falling H H H H H H H H H H H
Rising H H H L L L L L H H H
17 READ DATAO
Falling H L H H L H L H L H L
Rising H H H H H H H H H H H
18 NOP -
Falling H H H H H H H H H H H
Rising H H L H H H H H L L H
19 READ DATA1
Falling H L H H L H L L H H L
Rising H H H H H H H H H H H
20 NOP -
Falling H H H H H H H H H H H
Rising H H L H H H L L H H H
21 READA DATAO
Falling L H L L H H H L H L H
Rising H H H H H H H H H H H
22 NOP -
Falling H H H H H H H H H H H
Rising H H L L H H H H L L H
23 READ DATA1
Falling H L H H L H L L H H L
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Sub- | Cycdle
Loop | Number Command | Clock | CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CAl | CAO [CABLn Data
Rising L H H L L L L H H H H
24 ACT -
Falling H H H H L L L L H H L
Rising H H H L L L L L H H H
25 READ DATAO
Falling H L H H L H L H L H L
Rising H H H H H H H H H H H
26 NOP -
Falling H H H H H H H H H H H
0 Rising H H L H L L H H L L H
27 READ DATA1
Falling H L H H L H L L H H L
Rising H H H H H H H H H H H
28 NOP -
Falling H H H H H H H H H H H
Rising H H L H L L L L H H H
29 READ DATAO
Falling H L H H L H L H L H L
Rising H H H H H H H H H H H
30 NOP -
Falling H H H H H H H H H H H
Rising H H H L L L H H L L H
31 READ DATA1
Falling H L H H L H L L H H L
Rising H H H H H H H H H H H
32 NOP -
Falling H H H H H H H H H H H
Rising H H H L L L L L H H H
33 READA DATAO
Falling L H L L H H H L H L H
Rising H H H H H H H H H H H
34 NOrP -
Falling H H H H H H H H H H H
Rising H H L H L L H H L L H
35 READ DATA1
Falling H L H H L H L L H H L
Rising L H L H H H L H H H H
36 ACT -
Falling H L H H H L L L H H L
Rising H H L H L L L L H H H
37 READ DATAO
Falling H L H H L H L H L H L
Rising H H H H H H H H H H H
38 NOP -
Falling H H H H H H H H H H H
Rising H H L L H H H H L L H
39 READ DATA1
Falling H L H H L H L L H H L
Rising H H H H H H H H H H H
40 NOP -
Falling H H H H H H H H H H H
Rising H H L L H H L L H H H
41 READ DATAO0
Falling H L H H L H L H L H L
Rising H H H H H H H H H H H
42 NOP -
Falling H H H H H H H H H H H
Rising H H L H L L H H L L H
43 READ DATA1
Falling H L H H L H L L H H 1
Rising H H H H H H H H H H H
44 NOP -
Falling H H H H H H H H H H H
Rising H H L H L L L L H H H
45 READA DATAO
Falling L H L L H H H L H L H
Rising H H H H H H H H H H H
46 NOP -
Falling H H H H H H H H H H H
Rising H H L L H H H H L L H
47 READ DATA1
Falling H L H H L H K K H H L
NOTE 1 IDD test data & command pattern is vendor specific. Users should refer to vendor’s GDDR6 datasheet.
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8.8 IDD and IPP PARAMETERS and TEST CONDITIONS
Table 67 — AC parameter set for IDD test
Data rate
Symbol 10Gbps 12Gbps 14Gbps Unit
1.25V 1.25V 1.35V 1.35V

tcx 0.80 0.67 0.67 0.57 ns

RL 22 24 22 25 tck
tRCDRD 15 15 15 15 ns
tRCDWR 12 12 12 12 ns

trRAS 32 32 32 32 ns

tRP 15 15 15 15 ns

trRC 47 47 47 47 ns

traw 20 20 20 20 ns
tRRDS Max(4ns, 4tCK) Max(4ns, 4tCK) Max(4ns, 4tCK) Max(4ns, 4tCK) ns
tRRDL Max(5ns, 4tCK) Max(5ns, 4tCK) Max(5ns, 4tCK) Max(5ns, 4tCK) ns
tRECab 120 120 120 120 ns

Table 68 — Self Refresh Current Definitions
Value .
Symbol Temperature Range Unit Note
VDD 1.35V VDD 1.25V

IDD6N 0°C-Tyn 120 100 mA 2,338

IDD6E (optional) 0°C-Tg mA 1,3,4,9

IDD6R (optional) 0°C-Tgr mA 5,10, 14

0°C-T, mA 3,5,6,7

IDD6A (optional) Tp-Ty (optional) mA 3,567

T,- TOPERmax11 mA 3,5,6,7

NOTE1 Max. values for IDD currents considering worst case conditions of process, temperature and voltage.

NOTE 2 Applicable for MR2 OP[7:6] =

NOTE 3 Supplier data sheets include a max value.

NOTE 4 IDDG6E is only specified for devices which support the Extended Temperature Range feature. Refer to the supplier datasheet for the appropriate
self refresh setting in MR2 OP[7:6]

NOTE 5 Refer to the supplier data sheet for the value specification method (e.g., max, typical) for IDD6E and IDD6A.

NOTE 6 IDD6A is only specified for devices which support the Temperature Controlled Self Refresh feature enabled by MR2 OP[7:6]

NOTE7 The number of discrete temperature ranges supported and the associated T, - T, and Topgrmax Values are supplier/design specific. Temperature
ranges are intended to denote the nominal trip points for the internal temperature sensor to bracket discrete self refresh rates internal to the
DRAM. Refer to supplier datasheet for more information.

NOTE 8 When TCSR is disabled in the DRAM, Ty represents the temperature limit for normal operation of the DRAM.

NOTE9 When TCSR is disabled, some DRAMSs may support an extended temperature range that is typically 10 °C higher than Ty and often requires
additional refresh cycles. Tg represents this extended temperature limit.

NOTE 10 Ty represents the temperature used to reflect the current consumed in a typical room temperature environment.

NOTE 11 Topgrmax represents the max temperature supported by the DRAM when TCSR is enabled.

NOTE 12 IDD6H is for hibernate self refresh as enabled with MR7 OP=1. IDD6H also applies in the case that the optional hibernate self refresh with VDDQ
off is supported and enabled with MR 12 OP0=1. Hibernate self refresh and hibernate self refresh with VDDQ off are allowed to be entered over
the full operating temperature range (up to either TN or TE).

NOTE 13 IPP3N test and limit is applicable for all IDD6 conditions

NOTE 14 IDD6R and IDD6H values are characterized but not necessarily tested, see vendor data sheets for more details.
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8.9 AC TIMINGS

Table 69 — AC Timings

14Gbps @1.35V 16Gbps @1.35V 18Gbps @1.35V 20Gbps @1.35V N
SYM UN
PARAMETER 1,2 BOL IT oT
MIN MAX MIN MAX MIN MAX MIN MAX ES
CK_tand WCK_t Timings
CK clock cycle time | PRt | 0571 20 0.5 20 0.44 20 0.4 20 | ns
CK clock HIGH-level tey | 047 0.53 0.47 0.53 0.47 053 | TBD | TBD | €
width K
CK clock LOW-level width| tcp 047 0.53 0.47 0.53 047 0.53 TBD TBD tIS
. . min(tcy _ min(tcy _ min(tcy _ tc
Min. CK clock half period | typ ton) teL) ton) TBD TBD b
DD
CK clock R | PLL M
frequency WC | off fcx - 2000 - 2000 - 2250 TBD 2500 Hz
K
CK clock frequency with feks | fox(min 1750 fok(min 2000 fog(min 2950 TBD TBD M | 3
bank groups disabled G Hz | 4
CK clock frequency with ‘ ‘ . ¢ . ‘ . M
bank groups enabled and | CK? c{min | 4750 | foxmin |59 | fex(min | 5550 | tBD | TBD | M| 3
teepr =3 tek
CK clock frequency with - : -
WCK2CK alignment at the f<IiIN<P fec(min | 509 | fox(min | 509 | foxmin 500 | 8D | BD | M | 5
balls
CK clock frequency in fekrpo| fok(min fe(min fek(min
RDQS Mode S Q 500 500 500 TBD TBD |MHz| 6
CK clock frequency for f . . .
operation Wgﬁ VRZFCZ Cllfc\’zRE fox(min) fox(min) fox(min) TBD TBD |MHz| 6
CK clock f f f . . .
Ope;?a%f) < sjftiﬁe\l;glg; Cng fox(min) fox(min) fox(min) TBD TBD |MHz| 7
CK clock frequency for foxa
WCK-to-CK auto fcx(min fcx(min fcx(min M
synchronization in UTOS 500 500 500 TBD TBD |, | 8
WCK2CK training mode YNC
CK clock frequency for . . .
device operation with Low | [kt | fox(min | 1099 | fox(min | q999 | fox(min | 3900 | 18D | TBD | M | 10
Frequency Mode enabled F
DD
WCK clock R | PLL| twc
cycle time WC| off X 0.143 5 0.143 5 0.143 5 TBD TBD ns | 11
K
WCK clock HIGH-level | twe | (47 0.53 0.47 0.53 0.47 053 | TBD | TBD | "W |12
width KH CK
WCK clock LOW-level twe | 047 | 053 | 047 | 053 | 047 053 | TBD | TBD | W | 12
width KL CK
: min min min
Ig,g%g\ICK clock half E’I\g (twekry - (twekry - (twekry - TBD TBD EVIZ
twckr) tweke) twckr)
CKE_n and CA Input Timings
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Table 69 — AC Timings

SYM 14Gbps @1.35V 16Gbps @1.35V 18Gbps @1.35V 20Gbps @1.35V un | N
PARAMETER 1,2 BOL T | OT
MIN MAX MIN MAX MIN MAX MIN MAX ES
13
Command Address (CA) | = | 09 - -0.09 - -0.09 - TBD | TBD | ns | 15
input setup time
54
13
Command Address (CA) ’
input hold time taAlg 0.09 - 0.09 - 0.09 - TBD TBD ns | 15
54
13
Command Address (CA) tap 0.26 _ 0.26 B 0.26 B TBD TBD ns 14
input pulse width w ) ) ) 15
54
¢ 15
CKE_n input setup time C;@ - - - TBD TBD | ns | ,
54
¢ 13
CKE_n input hold time CIEE - - - TBD TBD ns ,
54
13
CKE_n min. HIGH and '
LOW pulse width tekE 10 - 10 - 10 - TBD TBD ns | 14
54
WCK2CK Timings
WCK stop to MRS delay twe
for entering WCK2CK KoM 3 - 3 - 3 - TBD TBD ns
training RS
MRS to WCK restart delay | tyrs
after entering WCK2CK TWC 10 - 10 - 10 - TBD TBD ns | 16
training K
WCK clock frequency for |
WCK2CK training with WCKST - - - TBD TBD |MHz
WCK stop op
WCK start to WCK phase | twc 10 _ 10 _ 10 B TBD TBD te
movement delay K2TR K
WCK phase change to twe
phase detector out delay K2PH 5 B 5 B 5 B TBD TBD ns
WCK clock HIGH-level twe t 12
width during WCK2CK KHT 043 0.57 0.43 0.57 043 0.57 TBD TBD W,
training R CK | 17
WCK clock LOW-level ¢ ¢ 12
width during WCK2CK wC 043 0.57 0.43 0.57 043 0.57 TBD TBD W,
training KLTR CK | 17
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Table 69 — AC Timings

14Gbps @1.35V 16Gbps @1.35V 18Gbps @1.35V 20Gbps @1.35V N
SYM UN
PARAMETER 1,2 BOL T | OT
MIN MAX MIN MAX MIN MAX MIN MAX ES
PLL off;
MR7
WCK2CK O{’O;O -0.2 0.2 -0.2 0.2 -0.2 0.2 TBD TBD
offset when g“ DS | twe
zero offset at etector) K2CK ns | 18
phase detector | pr 1 oy PIN
or at balls MR7
OPO0=1 -0.2 0.2 -0.2 0.2 -0.2 0.2 TBD TBD
(at balls)
MR
7
oro
=0
(at -0.25 0.25 -0.25 0.25 -0.25 0.25 TBD TBD tIS
pha
WCK2CK DD | se
phase offset R | dete| twc
upon wc| ctor) kack 19
training exit MR
7
oro
= -0.143 0.143 -0.143 0.143 -0.143 0.143 TBD TBD ns
(at
ball
s)
MR
7
oro
(at -0.4 0.4 -0.4 0.4 -0.4 04 TBD TBD tc
pha K
DD | ¢
WCK2CK R | dete| . 20
phase offset WC| ctor)| kock
K
MR
7
oro
= -0.228 0.228 -0.228 0.228 -0.228 0.228 TBD TBD ns
(at
ball
s)
Data Input and Output Timings
WCK to DQ/DBLn | PLL | ‘WC - - - - - - b | T | A
offset forinput data | off | T 0.1 0.5 0.1 0.5 0.1 0.5 TBD | TBD 53
- - - - - - TBD TBD 22
WCK to DQ/DBI_n/ te ,
EDC offset for P};-L K2D ns | 23
output data ° Q0 0.1 0.5 0.1 05 0.1 0.5 TBD TBD ,
53
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Table 69 — AC Timings

SYM 14Gbps @1.35V 16Gbps @1.35V 18Gbps @1.35V 20Gbps @1.35V un | N
PARAMETER 1,2 BOL T | OT
MIN MAX MIN MAX MIN MAX MIN MAX ES
24
, 2%
DQ/DBI_n input pulse tprp _ _ _ TBD TBD n
width W > 5%
54
- - - - - - TBD TBD ns | 24
DQ/DBL n data |t »
input valid window off w _ _ _ TBD TBD ns | 27
54
t 28
DQ/DBI_n input skew D§D -0.1 0.1 -0.1 0.1 -0.1 0.1 TBD TBD ns ,
53
DQ/DBI_n/EDC output t 19
— p DQD -0.125 0.125 -0.125 0.125 -0.125 0.125 TBD TBD ns ,
skew QO 53
Row Access Timings
ACTIVATE to ACTIVATE
command period trc 43 - 43 - 43 - TBD TBD ns
ACTIVATE to PREab / 9% 9* 9*
PRpr command period tRAS 28 tREFI 28 tREFI 28 tREFI TBD TBD ns 30
ACTIVATE to READ tRCD 15 _ 15 _ 15 _ TBD TBD ns
command delay RD
ACTIVATE to WRITE treD 12 ~ 1 ~ 1 ~ 8D | TBD | ns
command delay WR
ACTIVATE to RDTR treD
command delay RIR 18 - 18 - 18 - TBD TBD ns
ACTIVATE to WRTR treD 10 ~ 10 ~ 10 ~ TBD TBD | ns
command delay WTR
ACTIVATE to LDFF treD 10 _ 10 _ 10 _ TBD TBD ns
command delay LTR
REFab to RDTR or WRTR | tpgp
command delay ey 19 - 19 - 19 - TBD TBD ns
ACTIVATE bank A to
max(2.6 max(2.6 max(2.6
ACTIVATE bank B RRD | ns2tCK | - | ns2tCK | - | ns2tCK | - TBD | TBD | ns | 31
command delay samebank | | ) ) )
group
ﬁg%xﬁ%g Egﬂlﬁ é to tRED max(2.6 max(2.6 max(2.6
command delay different S ns,2)tCK - ns,2)tCK - ns,Z)tCK - TBD TBD ns | 32
bank groups
Four bank ACTIVATE tRRDS * tRRDS * tRRDS*
Lour var tEAw . - . - . - TBD | TBD | ns | 33
REFpb / REFp2b to
10ns, max(10ns max(10ns,
ACTIVATE or REFpb/ | tgggpp | Xd00s, | _ A - TBD TBD | ns | 34
REFp2b command delay 8tCK) 8tCK) 8tCK)
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Table 69 — AC Timings

SYM 14Gbps @1.35V 16Gbps @1.35V 18Gbps @1.35V 20Gbps @1.35V uN | O%

PARAMETER 1,2 BOL IT
MIN MAX MIN MAX MIN MAX MIN MAX ES

READ to PREab / PREpb

command delay same bank tRTP 3 - 3 - 3 - TBD TBD tc | 35
with bank groups enabled L K
READ to PREab / PREpb t t
command delay samebank | "RTP 2 - 2 - 2 - TBD TBD C |36
with bank groups disabled | S K
PREpb to PREab / PREpb
command dekj‘y /PREPD | 1 - 1 - 1 - TBD TBD | ns
ggfgg / PREpb command | 15 - 15 - 15 - TBD | TBD | ns
max(15n max(15n max(15
WRITE recovery time twr s, - s, - ns,4tCK - TBD TBD ns
#CK) 4#CK) )
Column Access Timings
RD/WR bank A to RD/WR t t 31
bank B command delay CCD 3 - 3 - 3 - TBD TBD C ,
same bank group L K |37
RD/WR bank A to RD/WR t t 32
bank B command delay CCD 2 - 2 - 2 - TBD TBD C i
different bank groups s K | 38
WDM/WSM bank A to
WDM/WSM/WOMbank A | fcco | NOOD-1 - fNQOD- | | NOOD- | _ ™D | TBD | fC
command delay same bank| MW K
LDFF to LDFF command tLTL 6 B 6 B 6 B TBD TBD tc
cycle time TR K
LDFK(1111) to RDTR tTR . ~ . ~ . ~ D | D | fc
command delay TR K
RL+CR RL+CR RL+CR
READ or RDIR to LDEF | fRoT | CRL+dt | - | CRL#4t | - | CRL®t | - ™D | TBD | fC
Y LT CK CK CK K
WL+5tC WL+5tC WL+5tC
WRITE to LDFF command | twkr | g4CRC | - | K#CRC | - | K+CRC | - TBD | TBD | '€
Y LT WL WL WL K
WRTR to RDTR command | tytr | WL+2tC WL+2tC WL+2tC tc
delay TR K+5ns B K+5ns B K+5ns B TBD TBD K
WL+CR WL+CR WL+CR
WRITE to WRIR 'WR | CwLe2t | - | CWLs2t | - | CWL#2t | - TBD | TBD | fC
commanc detay WIR CK CK CK K
Internal WRITE to READ
command delay same bank twr | 2tCK+5 - 2CK+5 - 2CKAS - TBD TBD | ns | 31
group L ns ns ns
Internal WRITE to READ
command delay different twrr 2t€1§+5 - ZtCnISS - 2tCnI§+5 - TBD TBD ns | 32
bank groups s
RL+BL/ RL+BL/ RL+BL/
READ or RDTR to WRITE 8+2- 8+2- 8+2-
or WRTR command delay IRTW | WL+CR - WL+CR - WL+CR - TBD TBD | ns | 40
CRL CRL CRL

Power-Down and Refresh Timings
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Table 69 — AC Timings

SYM 14Gbps @1.35V 16Gbps @1.35V 18Gbps @1.35V 20Gbps @1.35V un | N
PARAMETER 1,2 BOL IT oT
MIN MAX MIN MAX MIN MAX MIN MAX ES
tSi(;geRefresh entry to exit togE _ _ _ TBD TBD ns
Valid CK clocks required | t
after SELF REFRESH CKS 10 - 10 - 10 - TBD TBD C
ENTRY RE K
Valid CK clocks required | tcgg _ _ _ tc
before SEF REFRESH EXIT| gy 10 10 10 TBD | TBD | ©
DOWN ENTRY command RDS CRL+4t - CRL+4t - CRL+4t - TBD TBD C 4
delay RE CK CK CK K
WL+BL/ WL+BL/ WL+BL/
WRITE to SELF REFRESH 8+1tCK+ 8+1tCK+ 8+1tCK+
Elg{/\l}g} %1{\] I}%‘\/{\/ER- twrs | Max(tR _ Max(tR _ Max(tR _ TBD TBD tc | 4
command | gp | P+WR, P+tWR, P+WR, b
delay CRCWL CRCWL CRCWL
12tCK +2tCK 12tCK
ACTIVATE to POWER- | .
DOWN ENTRY command | "ACT 2 - 2 - 2 - TBD TBD C
delay PDE K
PREab / PREpb to ¢ ¢
POWER-DOWN ENTRY PRE 2 - 2 - 2 - TBD TBD C
command delay PDE K
REFab / REFpb / REFp2bto | | Max Max Max t
POWER-DOWN ENTRY REF (4ns - (4ns - (4ns - TBD TBD C
command delay PDE 4tCK) 4tCK) 4tCK) K
Max Max Max
RO POWERDOWN | MRS | (s - (8ns - (8ns - TBD | TBD | '€
Y | PDE | 8tCK) 8tCK) 8tCK) K
REFab command period tRI;C 160 - 160 - 160 - TBD TBD ns
al
REFpb / REFp2b command | trrc 60 - 60 - 60 - TBD | TBD | ns
perio pb
SELF REFRESH EXITto | 4 = | 1p0ps - 120ns - 120ns - TBD | TBD | € | 57
any command delay K
CKE_n LOW pulse width
to exit from Hibernate Self | txpp 10 - 10 - 10 - TBD TBD ns
Refresh mode
Exit Hibernate Self Refresh
to SELF REFRESH EXIT txsu 500 - 500 - 500 - TBD TBD us
command delay
ggﬁgg/ REFpb /REFp2b | - 32 - 2 - 32 TBD | TBD | ms
Average periodic refresh
interval with REFab tREFI - 1.9 - 19 - 19 TBD | TBD | ps | 44
command
o trErr/ trErr/ trEFr/
Average periodic refresh REFI REFI REFI
interval with REFpb / fREFI | _ 16 or - l6or - loor ' gD | TBD | us
REFp2b command PB gt/ g1/ g1/
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Table 69 — AC Timings

14Gbps @1.35V 16Gbps @1.35V 18Gbps @1.35V 20Gbps @1.35V N
SYM UN
PARAMETER 1,2 BOL T | OT
MIN MAX MIN MAX MIN MAX MIN MAX ES
REFab to REFab command
period required for tABR 1 _ 1 _ 1 B TBD TBD | ms | 45
impedance calibration EF
updates
Power-Down entry to exit 9% 9% 9%
. t 10 10 10 TBD TBD
time PD tREFI tREFI tREFI ne
NOP commands required | | t
upon POWER-DOWN and | "CPD 10 - 10 - 10 - TBD TBD C |55
SELF REFRESH ENTRY ED K
POWER-DOWN exit time | typ 12 - 12 - 12 - TBD TBD tIS 57
Hibernate self refresh
entry to Vppg power-off | tyopr 100 100 100 TBD TBD ns
ramp delay
Minimum Vppq off
duration in hibernate tvon 1 - 1 - 1 - TBD TBD ms
mode
Vppo stable to CKE_n
stabld HIGH delay feren | - 1 - 1 - 1 TBD | TBD | ms
Vppo stable to exit from B B B
hiberaate mode delay tHEX 2 2 2 TBD TBD | ms
Miscellaneous Timings
MODE REGISTER SET tyr | max(4ns _ max(4ns _ max(4ns _ tc
command period D AtCK) ,AtCK) AtCK) TBD TBD K 46
MODE REGISTER SET tmo | max(8ns _ max(8ns _ max(8ns _ TBD TBD tc | 46
command update delay D ,8tCK) ,8tCK) ,8tCK) K
tc
Required time for duty K
cycle corrector (DCC) tpcc 2048 - 2048 - 2048 - TBD TBD or | 48
ns
?VS voltage stabilization tys 50 _ 50 _ 50 _ TBD TBD us
ime
REFab to calibration 1*tCK 1*tCK 1T*tCK+
update complete delay tKo - +12 - +12 - 12 TBD TBD | ns
VREFC to VREFC2 reference tVREFC _ _ _
voltage settling time ) 1000 1000 1000 TBD TBD ns | 49
VR&Eerc reference voltage
level change settling time tVREEC - 300 - 300 - 300 TBD TBD | ns | 50
VRerp reference voltage
level change settling time tVREFD - 300 - 300 - 300 TBD TBD | ns | 51
VREFD to VREFDZ reference tVREFD _ _ _
voltage settling time ) 1000 1000 1000 TBD TBD ns | 52
CA[6:0] and EDC setup
time before RESET_n de- taTs 10 - 10 - 10 - TBD TBD ns
assertion
CA[6:0] and EDC hold
time after RESET_n de- tATH 10 - 10 - 10 - TBD TBD ns
assertion
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Table 69 — AC Timings

SRR, 1,5 %Yol\f 14Gbps @1.35V 16Gbps @1.35V 18Gbps @1.35V 20Gbps @1.35V LI].IN (1)\IT
MIN MAX MIN MAX MIN MAX MIN MAX ES
gg;l"ycommand to data out tADR _ I:tl%K _ 1:th01< _ 1*tl%K+ TBD TBD ns
S T - B S T
Vendor ID on s - ek - Tk - PeKs ! 1BD | TBD | ns
Vendor ID off Sgl;; - 1:tﬁK - 1?1C1K - 1*t1ClK+ TBD TBD ns
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Table 69 — AC Timings

SYM 14Gbps @1.35V 16Gbps @1.35V 18Gbps @1.35V 20Gbps @1.35V un | N
PARAMETER 1,2 oT
4 BOL IT
MIN MAX MIN MAX MIN MAX MIN MAX ES

Notes:

1. All parameters assume proper device initialization.

2. Tests for AC timing may be conducted at nominal supply voltage levels, but the related specifications and device operation are guaranteed for
the full voltage and temperature range specified.

3. Parameter f-gpgs is required for those devices supporting both 3 * to and 4 * tcy settings for bank groups. Devices supporting only 3 * tcy or 4
* tcg need only to specify foxpg.

4. Bank Group Frequency ranges

Bank Groups disabled ; ; : ;
| I | |
(if option is supported by device) | | | |
Bank Groups enabled, tecpi=4tex I —
| | | |

fck(min) fckpg(max) fckpg3(max) fcx (max)

5. Parameter fcgpyy applies when the alignment point in MR7, OPO is set to “at balls”, the phase difference between the WCK and CK clocks at the
DRAM balls is within tyckocksyne Of twekock for pin mode, and no phase search in WCK2CK training is performed.

6.  Parameter fcgyrprcr applies when the CA input reference voltage in MR7, OP6 (Half VREFC) is set to VREFC2.

7. Parameter fcgyrpppy applies when the data input reference voltage in MR7, OP7 (Half VREFD) is set to VREFD2

8.  Parameter fox ayTosync applies when WCK2CK Auto Synchronization is enabled in MR7, OP4.

9.  Parameter fcg; g applies when Low Frequency Mode is enabled in MR7, OP3. Low Frequency Mode is optional.

10. By definition the nominal WCK clock cycle time always is 1/2 or 1/4 of the CK clock cycle time depending on the selected WCK Ratio (not
including jitter).

11. The phase relationship between WCK_t/WCK_c and CK_t/CK_c clocks must meet the tycgock specification.

12.  CA input timings are referenced to Vyggc.

13. CA and CKE_n input pulse widths are design targets. The values will be characterized but not tested on each device.

14. CA input timings are only valid with CABI_n being enabled and a maximum of 5 CA inputs driven LOW in 2 channel mode or 7 CA inputs
driven LOW in PC mode.

15. Parameter may be specified as a combination of tcg and ns.

16. Parameters tycgyrr and twekptr specify the max. allowed WCK clock-to-clock phase shift during WCK2CK training. For READ and WRITE
bursts use tycgy and tycgr-

17.  Parameter tycgockpin defines the WCK2CK phase offset range at the CK and WCK balls for ideal (phase = 0°) clock alignment at the device’s
phase detector (when the alignment point in MR7, OP0 is set to “at phase detector”), or at the WCK and CK balls (when the alignment point in
MR7, OPO is set to “at pins”). The minimum and maximum values could be negative or positive numbers, depending on the selected WCK2CK
alignment point, PLL-on or PLL-off mode and design implementation.

18. Parameter tycgocksync defines the max. phase offset from the ideal (phase = 0°) clock alignment at the device’s phase detector (when the
alignment point in MR7, OP0 is set to “at phase detector”), or at the WCK and CK balls (when the alignment point in MR7, OP0 is set to “at pins”),
where the internal logic synchronizes the CK and WCK clocks; it is expected to be a fraction of tycxock-

19. Parameter tycgock defines the max. phase offset from the ideal (phase = 0°) clock alignment at the device’s phase detector (when the alignment
point in MR7, OP0 is set to “at phase detector”), or at the WCK and CK balls (when the alignment point in MR7, OP0 is set to “at pins”), for stable
device operation.

20. Parameter twckopgr defines the WCK to DQ/DBI_n time delay range for WRITEs for PLL-on and PLL-off mode. The minimum and maximum
values could be negative or positive numbers, depending on design implementation and PLL-on or PLL-off mode. They also vary across PVT.
Data training is required to determine the actual tycgopgr value for reliable WRITE operation.

21. Parameter twckopgo defines the WCK to DQ/DBI_n/EDC time delay range for READs for PLL-on and PLL-off mode. The minimum and
maximum values could be negative or positive numbers, depending on design implementation and PLL-on or PLL-off mode. They also vary
across PVT. Data training is required to determine the actual tyycxopgo value for reliable READ operation.

22. Outputs measured with equivalent load (vendor specific) terminated to Vppg.

23. DQ/DBI_n input timings are valid only with DBI being enabled and a maximum of 4 data inputs per byte driven LOW.

24. Data input slew rate must be greater than or equal to TBD V/ns. The slew rate is measured between Vygpp crossing and Vyipac) 0f ViLp(ac).

25. The data input pulse width, tppy, defines the minimum positive or negative input pulse width for any one worst-case channel required for
proper propagation of an external signal to the receiver. tppy is independent of the PLL/DLL mode. In general tppyy is larger than tpryw-
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Table 69 — AC Timings

PARAMETER 1,2

14Gbps @1.35V 16Gbps @1.35V 18Gbps @1.35V 20Gbps @1.35V N

SYM UN
BOL T | 9T
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX ES

26.

27.

28.

29.
30.
31
32.
33.

34.
35.
36.
37.
38.

39.
40.

41.
42.

43.

44.
45.
46.
47.
48.

49.
50.
51.
52.
53.

54.
55.

56.

57.

The data input valid window, tpyy, defines the time region where input data must be valid for reliable data capture at the receiver for any one
worst case channel. It accounts for jitter between data and clock at the latching point introduced in the path between the DRAM pads and the
latching point. Any additional jitter introduced into the source signals (e.g., within the system before the DRAM pad) must be accounted for in
the final timing budget together with the chosen PLL/DLL mode and bandwidth. tpyyyy is defined for PLL/DLL off and on mode separately. In
the case of PLL/DLL on, tppyw must be specified for each supported bandwidth. In general tppyyw is smaller than tppyy.

tpgpar defines the maximum skew among all DQ/DBI_n inputs of a byte under worst case conditions. Parameter tyckopgp defines the mean
value of the earliest and latest DQ/DBI_n pin, tpgpqi(min) the negative offset to twckopqr for the earliest DQ/DBI_n pin and tpgpgi(max) the
positive offset to twckopgr for the latest DQ/DBI_n pin.

tpgpqo defines the maximum skew among all DQ/DBI_n/EDC outputs of a byte under worst case conditions. Parameter twckopgo defines the
mean value of the earliest and latest DQ/DBI_n/EDC pin, tpgpgo(min) the negative offset to tycxopgo for the earliest DQ/DBI_n/EDC pin and
tpopoo(max) the positive offset to twckopgo for the latest DQ/DBI_n/EDC pin.

For READs and WRITEs with AUTO PRECHARGE enabled the device will hold off the internal PRECHARGE until tg 55(min) has been satisfied.
Parameter applies when bank groups are enabled and consecutive commands access the same bank group.

Parameter applies when bank groups are disabled or consecutive commands access different bank groups.

Not more than 4 ACTIVATE commands are allowed within period.

Parameter applies between any two REFpb / REFp2b commands and between a REFpb / REFp2b command and a subsequent ACTIVATE
command to a different bank.

Parameter applies when bank groups are enabled and READ and PRECHARGE commands access the same bank.

Parameter applies when bank groups are disabled or READ and PRECHARGE commands access the same bank.

teepy is either for gapless consecutive READ or gapless consecutive WRITE commands.

tceps is either for gapless consecutive READ or RDTR (any combination), gapless consecutive WRITE, or gapless consecutive WRTR commands.
trTw is not a device limit but determined by the system bus turnaround time. The difference between tycxopgo and twckopgr shall be considered
in the calculation of the bus turnaround time.

Read data including CRC data must have been clocked out before entering self refresh or power-down mode.

Write data must have been written to the memory core, and CRC data must have been clocked out before entering self refresh or power-down
mode.

Time for WCK2CK training and data training not included.

A maximum of 8 consecutive REFab commands can be posted to a device, meaning that the maximum absolute interval between any REFab
command and the next REFab command is 9 * tggp.

tABREF is relevant only when refresh is normally performed using the REFpb / REFp2b command. REFab commands must be issued at a
minimum rate of tpggrgr to allow impedance updates from the auto-calibration engine to occur.

tMmRD 18 less than or equal to ty;op. See MODE REGISTER SET command section for more details on ty;op and tyrp

Replaces parameter t; g when PLL Fast Lock has been enabled prior to the PLL/DLL enable or reset.

The parameter may be specified in tci or ns (vendor specific)

The parameter applies when the CA reference voltage selection in MR7, OP6 (Half VREFC) has changed.

The parameter applies when the Vyggc level has been changed in MR10. tyrggcis a constant value for the device, and is referenced from the MRS
command to when the 90% level of the delta between old and new Vgggc voltage has been reached.

The parameter applies when the Vgggp level has been changed in MR6 or MRO. tyrggp is a constant value for the device, and is referenced from
the MRS command to when the 90% level of the delta between old and new Vigpp voltage has been reached.

The parameter applies when the data reference voltage selection in MR7, OP7 (Half VREFD) has changed.

The parameter applies to WCK per byte or WCK per word depending on device implementation.

This parameter is for DRAM design only and valid on the silicon die at the input of the receiver. It is not intended to be measured.

After issuing PDE or SRE command, NOP (1) commands and CABI_n = HIGH (if CABI is enabled) are required for a minimum of tcppgp after
POWER-DOWN or SELF REFRESH entry.

This parameter is for DRAM design only and valid on the silicon die at the input of the receiver. It is not intended to be measured.

After issuing PDE or SRE command, NOP (1) commands and CABI_n = HIGH (if CABI is enabled) are required for a minimum of tCPDED after
POWER-DOWN or SELFREFRESH entry.

the scope of tCKEPW is limited to CAT commands in Command Address Training. Refer to parameters tPD and txp for the minimum CKE_n pin
HIGH and LOW pulse width states in conjunction with power-down, and parameters tCKESR, txs, tHSRF, txHP for the minimum CKE_n pin HIGH
and LOW pulse width states in conjunction with self refresh and hibernate self refresh

After issuing PDX or SRX command, NOP (1) commands and CABI_n = HIGH (if CABI is enabled) are required for a minimum of txp after
POWER-DOWN EXIT or txs after SELF REFRESH EXIT
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8.9 AC TIMINGS
Table 70 — AC Timings
PARAMETER symp | 12Gbps @125V 14Gbps @1.25V 16Gbps @1.25V 18Gbps @1.25V 181 1¥]ci)
1,2
ol MIN MAX MIN MAX MIN MAX MIN MAX | T | S
CK_t and WCK _t Timings
CK dlock cycle time | E- | tex 0.67 20 0.571 20 05 20 0.44 TBD | ns
CK clock HIGH-level width tcu 0.47 0.53 0.47 0.53 0.47 0.53 TBD TBD tIS
CK clock LOW-level width ter 047 0.53 047 0.53 0.47 0.53 TBD TBD tIS
. . min(tCH _ min(tCH _ min(tCH _ min(tCH _ tc
Min. CK clock half period tup CL) CL) +CL) +CL) <
DDR M
CK clock PLL
frequency yc ofi fox 50 50 50 TBD I;
CK clock frequency with bank fCK(min fCK(min fCK(min fCK(min 3,
groups disabled fcksg ) 1500 ) 1750 ) 2000 ) TBD I;I 4
CK clock frequency with bank . . . . M
groups enabled and teep =3 | [CKBG fCKgm‘“ 1500 fCKgm‘“ 1750 fCKgm’“ 2000 fCKgmm TBD | H | 3
tck 3 z
CK clock frequency with . . . . M
WCK2CK alignment at the fexer fCK§mm 500 fCK§mm 500 fCK§mm 500 fCK§mm TBD | H | 5
balls N z
CK clock frequency in RDQS fCK(min fCK(min fCK(min fCK(min MH
Mode fckrDOS ) 500 ) 500 ) 500 ) TBD , 6
CK clock frequency for fekvrer| fCK(min fCK(min fCK(min fCK(min MH| ¢
operation with Vggrco o ) ) ) ) z
CK clock frequency for fekvrer| fCK(min fCK(min fCK(min fCK(min MH| .
operation with Viggp» D2 ) ) ) ) z
CK clock frequency for WCK- | fexau . . . . M
t0-CK auto synchronization in | 7osyn fCKgm‘“ 500 fCKgm‘“ 500 fCK§m‘“ 500 fCKgmm TBD | H | 8
WCK2CK training mode C z
CK clock frequency for device . . . . M
operation with Low Frequency | fcxp fCK§m1“ 1000 fCK§m1“ 1000 fCK§m1“ 1000 fCK§m1“ TBD | H | 10
mode enabled z
DDR
wCkclockeydle | el PLL o | 0143 5 0.143 5 0.143 5 TBD TBD | ns | 11
ime K off
WCK clock HIGH-level width tWHCK 047 0.53 047 0.53 047 0.53 TBD TBD g‘/( 12
WCK clock LOW-level width tWLCK 0.47 0.53 047 0.53 047 0.53 TBD TBD tCVIZ 12
t min(tW min(tW min(tW min(tW ¢
Min. WCK clock half period WCK | CKH,tW - CKH,tW - CKH,tW - CKH,tW - W
HP CKL) CKL) CKL) CKL) CK
CKE_n and CA Input Timings
. 13
Command Address (CA) input /
setup time tas -0.09 - -0.09 - -0.09 - -0.09 - ns 15?1,
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Table 70 — AC Timings

SYMB 12Gbps @1.25V 14Gbps @1.25V 16Gbps @1.25V 18Gbps @1.25V U | NO
PARAMETER 1,2 OL NI | TE
MIN MAX MIN MAX MIN MAX MIN MAX | T S
. 13
Command Address (CA) input /
hold time tan 0.09 - 0.09 - 0.09 - TBD - ns 54/
13,
Command Address (CA) input 14,
pulse width tapw 0.26 - 0.26 - 0.26 - TBD - ns | g5’
54
CKE_n input setup time t - - - - ns | L
_n1np p CKES 54
CKE_n input hold time t - - - - ns 13,
_hmp CKEH 54
CKE_n min. HIGH and LOW
pulse width for SELF 13,
REFRESH, HIBERNATE SELF | tcgkg 10 - 10 - 10 - TBD - ns | 14,
REFRESH and POWER- 54
DOWN commands
CKE_n min. HIGH and LOW | tcggp } ) ; } ns
pulse width for CAT command |
WCK2CK Timings
WCK stop to MRS delay for tweke
entering WCK2CK training MRS 3 - 3 - 3 - TBD -
MRS to WCK restart delay after | tyrgT _ ) ) )
entering WCK2CK training WCK 10 10 10 TBD ns | 16
WCK clock frequency for
WCK2CK training with WCK  fWCKsTO| - - - MH
stop P
WCK start to WCK phase tweke 10 ) 10 ) 10 ) TBD ) tc
movement delay TR K
WCK phase change to phase tweke ) ) } ;
detector out delay PH 5 5 5 TBD ns
WCK clock HIGH-level width | tywck tw | 12,
during WCK2CK training R 0.43 0.57 0.43 0.57 0.43 0.57 TBD TBD ox | 17
WCK clock LOW-level width twck tw | 12,
during WCK2CK training IR 0.43 0.57 0.43 0.57 0.43 0.57 TBD TBD ox | 17
PLL off;
MR7 OP0=0
WCK2CK offset | (at phase -0.2 0.2 -0.2 0.2 -0.2 0.2 TBD TBD
when zero offset | detector) twek
ns | 18
at phase detector CKPIN
or at balls PLL off;
MR?7 OP0=1 -0.2 0.2 -0.2 0.2 -0.2 0.2 TBD TBD
(at balls)
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Table 70 — AC Timings

SYMB 12Gbps @1.25V 14Gbps @1.25V 16Gbps @1.25V 18Gbps @1.25V U | NO
PARAMETER 1,2 OL NI | TE
MIN MAX MIN MAX MIN MAX MIN MAX T S
MR7
OP0=
0
WCK2CK oh S‘tas -0.25 0.25 -0.25 0.25 -0.25 0.25 TBD TBD tKC
2CK phase
offset upon %%R ?1 tweka 19
WCK2CK K etec) cksy
training exit tor) NC
MR7
10232 0143 | 0143 | -0143 | 0143 | -0143 | 0143 | TBD TBD | ns
balls)
MR7
OP0=
0
(at t
phas 0.4 0.4 0.4 0.4 0.4 0.4 TBD D | 'C
DDR e
WCK2CK phase t
offset P WC | detec| "SI 20
K CK
tor)
MR7
10232 0228 | 0228 | -0228 | 0228 | -0228 | 0228 | TBD TBD | ns
balls)
Data Input and Output Timings
WCK to DQ/DBL_n PLL | tweo 21,
offset for input data off bal 0.1 0.5 0.1 0.5 0.1 0.5 0.1 0.5 ns | ‘gq
WCK to DQ/DBI_n/ PLL |t 22,
EDC offset for output WCK2 0.1 0.5 0.1 0.5 0.1 0.5 0.1 0.5 ns | 23,
p ff
data ° DQO 53
24,
DQ/DBI_n input pulse width tprpw - - - - ns %2:
54
24,
DQ/DBI_n data input PLL 25,
valid window off torvw B B B B ns | oy
54
DQ/DBI_n input skew tDQ?D -0.1 1.0 -0.1 1.0 -0.1 1.0 TBD TBD | ns | 2y
DQ/DBI_n/EDC output skew t%%D 0125 | 0125 | -0125 | 0125 | -0125 | 0.125 TBD TBD | ns 15%
Row Access Timings
ACTIVATE to ACTIVATE
command pe?iod trC 47 ) 47 ) 47 ) TBD ) ns
é)%fri\;ﬁ;lf]; é;)i(l)’cll{Eab / PREpb tRAS 32 9*tII{EF 32 9*tII{EF 3 9*tII{EF TBD TBD ns | 30
gg;f;VATE to READ command tRCDDR 15 ] 15 ] 15 ] TBD ] s
?O%Tnﬁﬁﬁgaymm tIV%vCl? 12 - 12 - 12 - TBD - Ins
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Table 70 — AC Timings

SYMB 12Gbps @1.25V 14Gbps @1.25V 16Gbps @1.25V 18Gbps @1.25V U | NO
PARAMETER 1,2 OL NI | TE
MIN MAX MIN MAX MIN MAX MIN MAX | T | S
ACTIVATE to RDTR command | tgcpr 18 ) 18 ) 18 ) TBD ) ns
delay TR
ACTIVATE to WRTR treD ) ) ) )
command delay WIR 10 10 10 TBD ns
ACTIVATE to LDFF command | trcpr, ) } } }
delay . 10 10 10 TBD ns
REFab to RDTR or WRTR tREFT 19 ) 19 ) 19 ) TBD ) ns
command delay R
28%%112%% Egﬁt g (fgmmand tRRDL max(5ns ; max(5ns ; max(5ns ; max(5ns ; ns | 31
delay same bank group , 4tCK) , 4tCK) , 4tCK) , 4tCK)
ﬁg%gﬁ%g Egﬁlﬁ éctgmman d | treps max(4ns, ) max(4ns, ) max(4ns, ) max(4ns, ) ns | 32
delay different bank groups HCK) HCK) HCK) 4CK)
Four bank ACTIVATE window | tpaw 20 - 20 - 20 - 20 - ns | 33
REFpb / REFp2b to ACTIVATE
max(10n max(10n max(10n max(10n
or REFpb /REFp2b command | trgerp | 10t(CK) S 10t(CK) S 10t(CK) S 10t(CK) - | ms |34
elay
READ to PREab / PREpb ¢
command delay same bank tRTPL 3 - 3 - 3 - TBD - C | 35
with bank groups enabled K
READ to PREab / PREpb t
command delay same bank tRTPS 2 - 2 - 2 - TBD - C | 36
with bank groups disabled K
PREpb to PREab / PREpb
command delay tppD 1tCK - 1tCK - 1tCK - 1tCK - ns
PREab / PREpb command
period trp 15 - 15 - 15 - TBD - ns
WRITE recovery time twr 15 - 15 - 15 - TBD - ns
Column Access Timings
RD/WR bank A to RD/WR ¢ 31
bank B command delay same | tccpr 3 - 3 - 3 - TBD - C 37
bank group K
RD/WR bank A to RD/WR t 32
bank B command delay tceps 2 - 2 - 2 - TBD - €35
different bank groups K
WDM/WSM bank A to WDM/ | ¢
WSM/WOM bank A command | ~€<D 2 - 2 - 2 - TBD - C
delay same bank Mw K
LDFF to LDFF command cycle | tirir 4 ) 4 ) 4 ) TBD ) tc
time R K
LDFF(1111) to RDTR command | t; g 4 _ 4 _ 4 _ TBD _ tc
delay R K
READ or RDTR to LDFF trpr, | RL+CRC } RL+CRC . RL+CRC } RL+CRC } tc
command delay T RL+4tCK RL+4tCK RL+4tCK RL+4tCK K
WL+5tC WL+5tC WL+5tC WLA+5tC
WRITE to LDFF command | twrrL | gyCRC | - | K+CRC | - | K#CRC | - | KsCRC | - |fc
delay T WL WL WL WL K
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Table 70 — AC Timings

SYMB 12Gbps @1.25V 14Gbps @1.25V 16Gbps @1.25V 18Gbps @1.25V U | NO
PARAMETER 1,2 OL NI | TE
MIN MAX MIN MAX MIN MAX MIN MAX T S
WRTR to RDTR command twtrr | WL+2tC ) WL+2tC ) WL+2tC ) WL+2tC ) tc
delay R K+5ns K+5ns K+5ns K+5ns K
WL+CR WL+CR WL+CR WL+CR
WRITE to WRTR command | twrw | Ccwrs+ot | - | CWL+2t | - | CWL+2t | - | CWL+2t | - | €
delay TR CK CK CK CK K
Internal WRITE to READ 2tCK+5n 2tCK+5n 2tCK+5n 2tCK+5n
command delay same bank twTRL s - s - s - S - ns | 31
group
Internal WRITE to READ
command delay different bank | tyrgrg 2tCI§+5n - 2tCI§+5n - 2tCI§+5n - 2tCI§+5n - ns | 32
groups
RL+BL/ RL+BL/ RL+BL/ RL+BL/
READ or RDTR to WRITEor | 8+2- ) 8+2- ) 8+2- ) 8+2- ) s | a0
WRTR command delay RTW | WL+CR WL+CR WL+CR WL+CR
CRL CRL CRL CRL
Power-Down and Refresh Timings
Self Refresh entry to exit time tCEES - - - - ns
: Max Max Max Max
gﬁi{&fe Self Refresh entry to tHSRE (10ns, - (10ns, - (10ns, - (10ns, - ns
10tCK) 10tCK) 10tCK) 10tCK)
Valid CK clocks required after | tcggr _ ) ) ) tc
SELF REFRESH ENTRY » 10 10 10 TBD K
Valid CK clocks required tcksr ) ) ) } tc
before SEF REFRESH EXIT X 10 10 10 TBD <
ENTRYor FOWERDOWN | o | RCRE | RLGRe | ReCRe RS ey
ENTRY command delay E at Tt Tt at K
WLABL/ WLABL/ WLABL/ WLABL/
8+1tCK+ 8+1tCK+ 8+1tCK+ 8+1tCK+
WRITE to SELF REFRESH twrsg | Max(tRP Max(tRP Max(tRP Max(tRP t
ENTRY or POWER-DOWN 5 HWR - HWR - HWR - HWR - b 42
ENTRY command delay CRCRW CRCRW CRCRW CRCRW
L+CK) L+CK) L+CK) L+CK)
ACTIVATE to POWER-DOWN | tscrp ] . ] ] te
ENTRY command delay DE 2 2 2 TBD K
PREab / PREpb to POWER- t ¢
DOWN ENTRY command PREP 2 - 2 - 2 - TBD - C
delay DE K
REFab / REFpb / REFp2b to trepp | max(4ns, max(4ns, max(4ns, max(4ns, tc
POWER-DOWN ENTRY 4tCK) - 4tCK) - 4tCK) - 4CK) -
command delay DE K
MRS to POWER-DOWN tvrep | EMOD(m ] tMOD(m ] tMOD(m ] tMOD(m ] te
ENTRY command delay DE in) in) in) in) K
REFab command period tRECab 120 - 120 - 120 - TBD - ns
REFpb / REFp2b command fRFCP | 120 - 120 - 120 - TBD - | ns
period b
SELF REFRESH EXIT to any tc
command delay txs 120 - 120 - 120 - TBD - b 57
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Table 70 — AC Timings

SYMB 12Gbps @1.25V 14Gbps @1.25V 16Gbps @1.25V 18Gbps @1.25V U | NO
PARAMETER 1,2 OL NI | TE
MIN MAX MIN MAX MIN MAX MIN MAX | T S
CKE_n LOW pulse width to
exit from Hibernate Self txup 10 - 10 - 10 - TBD - ns
Refresh mode
Exit Hibernate Self Refresh to
SELF REFRESH EXIT txs 500 - 500 - 500 - TBD - us
command delay
REFab / REFpb / REFp2b tREE ) 30 ) 3 ; 3 ) TBD m
period s
Average periodic refresh
interval with REFab command | REFI ) 1.9 . 1.9 ) 1.9 ) TBD s | 44
Average periodic refresh {REFIP tIliglj)i/ tIl{glc:)Ir/ tl}gilr/ tl;gi{‘/
interval with REFpb / REFp2b . - {REFI/ - {REFI/ - {REFI/ - {REFI/ | US
command
8 8 8 8
REFab to REFab command t m
period required for impedance | “ABRE 1 - 1 - 1 - TBD - 45
calibration updates F S
oy s 9 * g * 9 * 9 *
Power-Down entry to exit time | tpp {REFI {REFI {REFI tREFI | DS
NOP commands required upon | t
POWER-DOWN and SELF CPDE 10 - 10 - 10 - TBD - C | 55
REFRESH ENTRY D K
) e max(10n ) max(10n ) max(10n ) max(10n ) tc
POWER-DOWN exit time txp s, 5tCK) s, 5tCK) s, 5tCK) s, 5tCK) b 57
Hibernate self refresh entry to
VDDQ power-off ramp delay tVOFF 100 100 100 100 ns
Minimum Vppg off duration in
hibernate mods. tvoN 1 ) 1 ) 1 ) TBD ) ms
\}/I]ID(%IQ—IS(;?I);; to CKE_n stable tCTEN ) 1 ) 1 ) 1 ) TBD ms
Vppo stable to exit from
hibernate mode delay tHEX 2 ) 2 ) 2 ) TBD ) ms
Miscellaneous Timings
MODE REGISTER SET t max(4ns, _ max(4ns, _ max(4ns, _ max(4ns, _ tc | 46
command period MRD 4tCK) 4tCK) 4tCK) 4tCK) K
MODE REGISTER SET ¢ max(8ns, ) max(8ns, } max(8ns, } max(8ns, _ tc 46
command update delay MOD 8tCK) 8tCK) 8tCK) 8tCK) K
tc
Required time for duty cycle K
corrector (DCC) tpce 2048 2048 2048 TBD or | 48
ns
DVS voltage stabilization time tys 50 - 50 - 50 - TBD - s
REFab to calibration update ¢ ) 1*tCK ) 1*tCK ) 1*tCK ) 1*tCK | o
complete delay KO +12 +12 +12 +12
Vrerc t0 Vggrcy reference : 1000 : 1000 - 1000 - TBD | ns | 49
voltage settling time VREFC2
VR&Eerc reference voltage level ) ) ) )
change settling time tVREFC 300 300 300 TBD ns 50
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Table 70 — AC Timings

SYMB 12Gbps @1.25V 14Gbps @1.25V 16Gbps @1.25V 18Gbps @1.25V U | NO
PARAMETER 1,2 OL NI | TE
MIN MAX MIN MAX MIN MAX MIN MAX T S
‘é{igggersgfafﬁgeﬁ‘r’;’gage level 1y erD - 300 - 300 - 300 - TBD | ns | 51
VREFD to Vggrpy reference 1000 1000 1000 TBD 52
voltage settling time VREFD2 ) ) ) ) ns
CA[6:0] and EDC setup time
before RESET_n de-assertion tats 10 ) 10 ) 10 } TBD ) ns
CAJ6:0] and EDC hold time
after RESET _n de-assertion tath 10 N 10 B 10 B TBD B ns
CAT command to data out ¢ ) 1*tCK ) 1*tCK ) 1*tCK ) 1*tCK ns
delay ADR +10 +10 +10 +10
CADT off to DQ/DBI_n in ODT t ) 1*tCK ) 1*tCK ) 1*tCK ) 1*tCK ns
state delay ADZ +10 +10 +10 +10
tWRID 1*tCK 1*tCK 1*tCK 1*tCK
Vendor ID on oN +11 +11 +11 +11 ns
tWRID 1*tCK 1*tCK 1*tCK 1*tCK
Vendor ID off OFF +11 +11 +11 +11 ns
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Table 70 — AC Timings

SYMB 12Gbps @1.25V 14Gbps @1.25V 16Gbps @1.25V 18Gbps @1.25V U | NO
PARAMETER 1,2 OL NI | TE
MIN MAX MIN MAX MIN MAX MIN MAX T S

Notes:

1. All parameters assume proper device initialization.

2. Tests for AC timing may be conducted at nominal supply voltage levels, but the related specifications and device operation are guaranteed for the full
voltage and temperature range specified.

3. Parameter fcgpgs is required for those devices supporting both 3 * toy and 4 * tcy settings for bank groups. Devices supporting only 3 * tcy or 4 * tcg need
only to specify fcxpg.

4. Bank Group Frequency ranges

Bank Groups disabled ; ; : ;
[ I I |
(if option is supported by device) | | | |
Bank Groups enabled, tccpr =4 tck
| | | |
fck(min) fckpg(max) fekpg3(max) fex(max)

5. Parameter fcgppy applies when the alignment point in MR7, OPO0 is set to “at balls”, the phase difference between the WCK and CK clocks at the DRAM
balls is within tycgocksyNne OF twekack for pin mode, and no phase search in WCK2CK training is performed.

6.  Parameter fcgyrercr applies when the CA input reference voltage in MR7, OP6 (Half VREFC) is set to VREFC2.

7. Parameter fcgyrpppy applies when the data input reference voltage in MR7, OP7 (Half VREFD) is set to VREFD2

8.  Parameter fox ayTosync applies when WCK2CK Auto Synchronization is enabled in MR7, OP4.

9.  Parameter fcg; g applies when Low Frequency Mode is enabled in MR7, OP3. Low Frequency Mode is optional.

10. By definition the nominal WCK clock cycle time always is 1/2 or 1/4 of the CK clock cycle time depending on the selected WCK Ratio (not including jitter).

11. The phase relationship between WCK_t/WCK_c and CK_t/CK_c clocks must meet the tycgock specification.

12.  CA input timings are referenced to Viggc.

13. CA and CKE_n input pulse widths are design targets. The values will be characterized but not tested on each device.

14. CA input timings are only valid with CABI_n being enabled and a maximum of 5 CA inputs driven LOW in 2 channel mode or 7 CA inputs driven LOW
in PC mode.

15. Parameter may be specified as a combination of tcg and ns.

16. Parameters tycgyrr and twekrtr specify the max. allowed WCK clock-to-clock phase shift during WCK2CK training. For READ and WRITE bursts use
twekn and twekr.

17.  Parameter tycgockpin defines the WCK2CK phase offset range at the CK and WCK balls for ideal (phase = 0°) clock alignment at the device’s phase detector
(when the alignment point in MR7, OP0 is set to “at phase detector”), or at the WCK and CK balls (when the alignment point in MR7, OP0 is set to “at pins”).
The minimum and maximum values could be negative or positive numbers, depending on the selected WCK2CK alignment point, PLL-on or PLL-off mode
and design implementation.

18. Parameter tycgocksync defines the max. phase offset from the ideal (phase =0°) clock alignment at the device’s phase detector (when the alignment point
in MR7, OP0 is set to “at phase detector”), or at the WCK and CK balls (when the alignment point in MR7, OP0 is set to “at pins”), where the internal logic
synchronizes the CK and WCK clocks; it is expected to be a fraction of tycgock-

19. Parameter tycgock defines the max. phase offset from the ideal (phase = 0°) clock alignment at the device’s phase detector (when the alignment point in
MR7, OP0 is set to “at phase detector”), or at the WCK and CK balls (when the alignment point in MR7, OP0 is set to “at pins”), for stable device operation.

20. Parameter tycgopqr defines the WCK to DQ/DBI_n time delay range for WRITEs for PLL-on and PLL-off mode. The minimum and maximum values could
be negative or positive numbers, depending on design implementation and PLL-on or PLL-off mode. They also vary across PVT. Data training is required
to determine the actual twcgopgr value for reliable WRITE operation.

21. Parameter tyckopgo defines the WCK to DQ/DBI_n/EDC time delay range for READs for PLL-on and PLL-off mode. The minimum and maximum values
could be negative or positive numbers, depending on design implementation and PLL-on or PLL-off mode. They also vary across PVT. Data training is
required to determine the actual tyckopqo value for reliable READ operation.

22.  Outputs measured with equivalent load (vendor specific) terminated to Vppgq.

23. DQ/DBI_n input timings are valid only with DBI being enabled and a maximum of 4 data inputs per byte driven LOW.

24. Data input slew rate must be greater than or equal to TBD V/ns. The slew rate is measured between Vyggp crossing and Vipgpac) or ViLpac).

25. The data input pulse width, tppy, defines the minimum positive or negative input pulse width for any one worst-case channel required for proper
propagation of an external signal to the receiver. tppyy is independent of the PLL/DLL mode. In general tppyy is larger than tpryw.
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Table 70 — AC Timings

SYMB 12Gbps @1.25V 14Gbps @1.25V 16Gbps @1.25V 18Gbps @1.25V U | NO
PARAMETER 1,2 OL NI | TE
MIN MAX MIN MAX MIN MAX MIN MAX T S

26.

27.

28.

29.
30.
31
32.
33.

34.
35.
36.
37.
38.

39.
40.
41.
42.

43.

44.
45.
46.
47.
48.

49.
50.
51.
52.
53.

54.
55.

56.

57.

The data input valid window, tpyw, defines the time region where input data must be valid for reliable data capture at the receiver for any one worst case
channel. It accounts for jitter between data and clock at the latching point introduced in the path between the DRAM pads and the latching point. Any
additional jitter introduced into the source signals (e.g., within the system before the DRAM pad) must be accounted for in the final timing budget together
with the chosen PLL/DLL mode and bandwidth. tppyyy is defined for PLL/DLL off and on mode separately. In the case of PLL/DLL on, tppyyw must be
specified for each supported bandwidth. In general tpyy is smaller than tppy.

tpgpar defines the maximum skew among all DQ/DBI_n inputs of a byte under worst case conditions. Parameter tycgopqr defines the mean value of the
earliest and latest DQ/DBI_n pin, tpgpqi(min) the negative offset to tywckopqr for the earliest DQ/DBI_n pin and tpgpgi(max) the positive offset to twckopqr
for the latest DQ/DBI_n pin.

tpapQo defines the maximum skew among all DQ/DBI_n/EDC outputs of a byte under worst case conditions. Parameter tyckopqo defines the mean value
of the earliest and latest DQ/DBI_n/EDC pin, tpgpgo(min) the negative offset to tywckopgo for the earliest DQ/DBI_n/EDC pin and tpgpgo(max) the
positive offset to twckopgo for the latest DQ/DBI_n/EDC pin.

For READs and WRITEs with AUTO PRECHARGE enabled the device will hold off the internal PRECHARGE until tg og(min) has been satisfied.
Parameter applies when bank groups are enabled and consecutive commands access the same bank group.

Parameter applies when bank groups are disabled or consecutive commands access different bank groups.

Not more than 4 ACTIVATE commands are allowed within period.

Parameter applies between any two REFpb / REFp2b commands and between a REFpb / REFp2b command and a subsequent ACTIVATE command to a
different bank.

Parameter applies when bank groups are enabled and READ and PRECHARGE commands access the same bank.

Parameter applies when bank groups are disabled or READ and PRECHARGE commands access the same bank.

teepy is either for gapless consecutive READ or gapless consecutive WRITE commands.

tceps is either for gapless consecutive READ or RDTR (any combination), gapless consecutive WRITE, or gapless consecutive WRTR commands.

trw is not a device limit but determined by the system bus turnaround time. The difference between tywckopgo and twckopgr shall be considered in the
calculation of the bus turnaround time.

Read data including CRC data must have been clocked out before entering self refresh or power-down mode.

Write data must have been written to the memory core, and CRC data must have been clocked out before entering self refresh or power-down mode.
Time for WCK2CK training and data training not included.

A maximum of 8 consecutive REFab commands can be posted to a device, meaning that the maximum absolute interval between any REFab command and
the next REFab command is 9 * tgggy.

tABREF is relevant only when refresh is normally performed using the REFpb / REFp2b command. REFab commands must be issued at a minimum rate of
taprer to allow impedance updates from the auto-calibration engine to occur.

tpmrp 15 less than or equal to ty;op. See MODE REGISTER SET command section for more details on ty;op and tygrp

Replaces parameter t; x when PLL Fast Lock has been enabled prior to the PLL/DLL enable or reset.

The parameter may be specified in tcy or ns (vendor specific)

The parameter applies when the CA reference voltage selection in MR7, OP6 (Half VREFC) has changed.

The parameter applies when the Vyggc level has been changed in MR10. tygggc is a constant value for the device, and is referenced from the MRS command
to when the 90% level of the delta between old and new Vgggc voltage has been reached.

The parameter applies when the Vigpp level has been changed in MR6 or MR9. tyrgpp is a constant value for the device, and is referenced from the MRS
command to when the 90% level of the delta between old and new Vgggp voltage has been reached.

The parameter applies when the data reference voltage selection in MR7, OP7 (Half VREFD) has changed.

The parameter applies to WCK per byte or WCK per word depending on device implementation.

This parameter is for DRAM design only and valid on the silicon die at the input of the receiver. It is not intended to be measured.

After issuing PDE or SRE command, NOP (1) commands and CABI_n = HIGH (if CABI is enabled) are required for a minimum of tcppgp after POWER-
DOWN or SELF REFRESH entry.

This parameter is for DRAM design only and valid on the silicon die at the input of the receiver. It is not intended to be measured.

After issuing PDE or SRE command, NOP (1) commands and CABI_n = HIGH (if CABI is enabled) are required for a minimum of tCPDED after POWER-
DOWN or SELFREFRESH entry.

the scope of tcKEPW is limited to CAT commands in Command Address Training. Refer to parameters tPD and txp for the minimum CKE_n pin HIGH and
LOW pulse width states in conjunction with power-down, and parameters tCKESR, txs, tHSRF, txHP for the minimum CKE_n pin HIGH and LOW pulse width
states in conjunction with self refresh and hibernate self refresh

After issuing PDX or SRX command, NOP (1) commands and CABI_n = HIGH (if CABI is enabled) are required for a minimum of txp after POWER-DOWN
EXIT or txs after SELF REFRESH EXIT
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8.10 CLOCK-TO-DATA TIMING SENSITIVITY

The availability of clock-to-data (WCK2DQ) timing sensitivity information provides the controller the opportunity to

anticipate the impact to timings from variations in environmental conditions (such as changes in voltage or temperature)
allowing the controller to take corrective action if necessary (e.g., realigning WCK and DQ).

Variations in relative timing between WCK and data are reported for READ and WRITE paths. The reported values are

characterized but not tested in production.

Table 71 — WCK-to-Data-In Timing Sensitivity

NOTE 3
NOTE 4
NOTE 5
NOTE 6

PARAMETER SYMBOL | VALUES | UNIT | NOTES
WCK2DQI Sensitivity to variations in Vppg PLL off | tppvQsens ps/V 1,2
WCK2DQI Sensitivity to variations in Vpp PLL off |  tpvsens ps/V 3,4
WCK2DQI Sensitivity to variations in Tcase PLL off| tpTSens ps/°C 5,6
NOTE1  t12VQSens = ((twckzpqi(Vpp(max)) - twekzpar(Vppg(min))) / (Vppg(max) - Vppg(min))).
NOTE2 Vpp(typ), Tcase = 85 °C, worst-case process corner.

t12VSens = ((twck2pqi(Vpp(max)) - twekzpar(Vpp(min))) / (Vpp(max) - Vpp(min))).
Vopa(typ) Tease = 85 °C, worst-case process corner.

tI2TSens = ((twcx2pQi(Tease(Max)) - tckapQi(Tease(miny))) [ (Teage(max) - Tepge(miny))).
Vppq(typ), Vpp(typ), worst-case process corner.

Table 72 — WCK-to-Data-Out Timing Sensitivity

PARAMETER SYMBOL | VALUES | UNIT | NOTES
WCK2DQO Sensitivity to variations in Vppg PLL off | topvQsens ps/V 1,2
WCK2DQO Sensitivity to variations in Vpp PLL off | toovsens ps/V 3,4
WCK2DQO Sensitivity to variations in Tcase PLL off | topTSens ps/°C 56

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5
NOTE 6

tO2VQSens = ((twck2pgo(Vbpg(max)) - twekopgo(Vppo(min))) / (Vppg(max) - Vppg(min))).
Vop(typ), Tease = 85 °C, worst-case process corner.

tO2VSens = ((twck2pgo(Vpp(max)) - twekzpoo(Vop(min))) / (Vpp(max) - Vpp(min))).
Vop(typ), Tease = 85 °C, worst-case process corner.

tO2TSens = ((twck2pQo(Tease(max)) - twck2pQo(Tease(min))) / (Tease(max) - Tepse(min))).
Vppaltyp), Vpp(typ), worst-case process corner.
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8.11

1.35V I/O DRIVER MODELS

The Driver and Termination impedances are derived from the following test conditions under worst case process corners:

1.

O 00 N o0 u1 ~h W N

Nominal 1.35V (Vpp/Vppg)

. Power the DRAM device and calibrate the output drivers and termination to eliminate process variation at 25 °C.

. Reduce temperature to 10 °C and recalibrate.

. Reduce temperature to 0 °C and take the fast corner measurement.

. Raise temperature to 75 °C and recalibrate

. Raise temperature to 85 °C and take the slow corner measurement
. Reiterate 2 to 6 with Vpp/Vppq 1.3095V

. Reiterate 2 to 6 with Vpp/Vppq 1.3905V

. All obtained Driver and Termination IV characteristics have to be bounded by the specified MIN and MAX IV

characteristics

The following values (Ideal with +/- 10% min/max) are targets for the designer and are not required to be met. Vendor
datasheets should be consulted for further details. It is expected that the characteristics of the real curves will have some

nonlinearity as shown in Figure 116 and Figure 117. This may help to reduce the overall capacitance and boost
performance. It is up to the designer to find the optimum combination of linearity and capacitance for best Rx and Tx

p

erformance.

Table 73 — 1.35V I/0 Impedances

Pull-Down Characteristic at 40 ohms

Voltage (V) | MIN(mA) | Ideal(mA) | MAX(mA)
0.1 2.25 2.50 2.75
0.2 4.50 5.00 5.50
0.3 6.75 7.50 8.25
0.4 9.00 10.00 11.00
0.5 11.25 12.50 13.75
0.6 13.50 15.00 16.50
0.7 15.75 17.50 19.25
0.8 18.00 20.00 22.00
0.9 20.25 22.50 24.75
1.0 22.50 25.00 27.50
1.1 24.75 27.50 30.25
1.2 27.00 30.00 33.00
1.3 29.25 32.50 35.75
1.35 31.15 33.75 37.12

Pull-Up/Termination Characteristic at 60 ohms
Voltage (V) | MIN(mA) | Ideal(mA) | MAX(mA)

0.1 -1.50 -1.67 -1.83
0.2 -3.00 -3.33 -3.67
0.3 -4.50 -5.00 -5.50
0.4 -6.00 -6.67 -7.33
0.5 -7.50 -8.33 -9.17
0.6 -9.00 -10.00 -11.00
0.7 -10.50 -11.67 -12.83
0.8 -12.00 -13.33 -14.67
0.9 -13.50 -15.00 -16.50
1.0 -15.00 -16.67 -18.33
1.1 -16.50 -18.33 -20.17
1.2 -18.00 -20.00 -22.00
1.3 -19.50 -21.67 -23.83
1.35 -20.25 -22.50 -24.75
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8.11 1.35VI/O DRIVER MODELS (cont'd)
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Figure 117 — Target Pull Down Characteristic at 40 ohms
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Figure 118 — Target Pull Up/Termination Characteristic at 60 ohms
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8.11 1.35VI/O DRIVER MODELS (cont'd)

Figure 120 — Example of Non Linearity, Pull Up/Termination Characteristic at 60 ohms
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Figure 119 — Example of Non Linearity, Pull Down Characteristic at 40 ohms
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8.12

The Driver and Termination impedances are derived from the following test conditions under worst case process corners:

1.

O 00 N o0 u1 ~h W N

The following values (Ideal with +/- 10% min/max) are targets for the designer and are not required to be met. Vendor

. Power the DRAM device and calibrate the output drivers and termination to eliminate process variation at 25 °C.

Nominal 1.25V (Vpp/Vppg)

1.25V I/0 DRIVER MODELS

. Reduce temperature to 10 °C and recalibrate.

. Reduce temperature to 0 °C and take the fast corner measurement.

. Raise temperature to 75 °C and recalibrate

. Raise temperature to 85 °C and take the slow corner measurement
. Reiterate 2 to 6 with Vpp/Vppq 1.2125V

. Reiterate 2 to 6 with VDD/VDDQ 1.2875V

. All obtained Driver and Termination IV characteristics have to be bounded by the specified MIN and MAX IV

characteristics

datasheets should be consulted for further details. It is expected that the characteristics of the real curves will have some

nonlinearity as shown in Figure 120 and Figure 121. This may help to reduce the overall capacitance and boost
performance. It is up to the designer to find the optimum combination of linearity and capacitance for best Rx and Tx
performance.

Pull-Down Characteristic at 40 ohms

Voltage (V) | MIN(mA) | Ideal(mA) | MAX(mA)
0.1 2.25 2.50 2.75
0.2 4.50 5.00 5.50
0.3 6.75 7.50 8.25
0.4 9.00 10.00 11.00
0.5 11.25 12.50 13.75
0.6 13.50 15.00 16.50
0.7 15.75 17.50 19.25
0.8 18.00 20.00 22.00
0.9 20.25 22.50 24.75
1.0 22.50 25.00 27.50
1.1 24.75 27.50 30.25
1.2 27.00 30.00 33.00
1.25 28.125 31.25 35.375

Table 74 — 1.25V I/0 Impedances

Pull-Up/Termination Characteristic at 60 ohms
Voltage (V) | MIN(mA) | Ideal(mA) | MAX(mA)

0.1 -1.50 -1.67 -1.83
0.2 -3.00 -3.33 -3.67
0.3 -4.50 -5.00 -5.50
0.4 -6.00 -6.67 -7.33
0.5 -7.50 -8.33 -9.17
0.6 -9.00 -10.00 -11.00
0.7 -10.50 -11.67 -12.83
0.8 -12.00 -13.33 -14.67
0.9 -13.50 -15.00 -16.50
1.0 -15.00 -16.67 -18.33
1.1 -16.50 -18.33 -20.17
1.2 -18.00 -20.00 -22.00
1.25 -18.75 -21.835 -22.915
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8.12 1.25V I/0 DRIVER MODELS (cont'd)
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Figure 121 — Target Pull Down Characteristic at 40 ohms
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Figure 122 — Target Pull Up/Termination Characteristic at 60 ohms
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8.12 1.25VI/O DRIVER MODELS (cont'd)

Figure 124 — Example of Non Linearity, Pull Up/Termination Characteristic at 60 ohms
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Figure 123 — Example of Non Linearity, Pull Down Characteristic at 40 ohms
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9. ADDRESS
9.1 BALL-OUT
1 2 3 4 5 8 9 10 11 12 13 14
A VDD  VSsS - VSss VPP VPP VSS - VSS VDD
(= = e B
c | vopo - VSS VDDQ = VSS VSS VDDQ = VSS - VDDQ
D vss . vss . . . vss . vss
E | vppo - - Vss VDD  VSsS - - VDDQ
F vss - VSS  VDDQ - VDDQ = VSS - Vss
G Vss . vss caza REUA CKEM ca1a | vss . vss
HJ] VDDQ VDD CA0A VSS CA4A CA5A VSS CA3 A VDD VDDQ
] VDDQ CA9 A CA8 A C“‘_‘Z‘—“ CA7 A CA6 A VDDQ
K | VREFC VDDQ CA9B CA8_B CA_‘%‘—“ CA7B CA6B VDDQ
L] VvDDQ VDD CA0B VSS CA4B CA5B VSS CA3B VDD VDDQ
M VSS . vss cazp RUUH CKEN_ ca1B | vss . Vss
N vss - VSS  VDDQ - VDDQ = VSS - vss
P | vppg - - Vss VDD  VsS - - VDDQ
R vss . vss . . . vss . vss
T | vbpo - VSS VDDQ = VSS VSS VDDQ = VSS - VDDQ
| - - -
A4 VDD - - VSS VDD

NOTE Top View (as seen thru package)

Figure 125 — GDDR6 SGRAM 180 ball BGA Ball-out
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9.2 SIGNALS

Table 75 — Ball-out Description

SYMBOL TYPE DESCRIPTION

CK_t, CK_c Input Clock: CK_t and CK_c are differential clock inputs. CK_t and CK_c do not have channel
indicators as one clock is shared between both Channel A and Channel B on a device. Command
Address (CA) inputs are latched on the rising and falling edge of CK. All latencies are referenced

to CK.
WCKO_t, Input Write Clocks: WCK_t and WCK _c are differential clocks used for WRITE data capture and READ
WCKO_c, data output. WCKO_t/WCKO_c is associated with DQ[7:0], DBI0_n and EDC0. WCK1_t/WCK1 _c
WCKI1_t, is associated with DQ[15:8], DBI1_n and EDCI. The ball out has a WCK/byte but devices can be
WCK1_c designed that support only a WCK/word. In the case of a WCK/word, for Channel A the WCKO0_t

and WCKO_c are active and the unused WCK1 clock is a NC; for Channel B the WCK1_t and
WCK1_c are active and unused WCKO clock is a NC. The WCK Granularity of the Vendor ID can
be read to determine whether the device has been designed with a WCK/byte or a WCK/word.

CKE_n Input Clock Enable: CKE_n LOW activates and CKE_n HIGH deactivates the internal clock, device
input buffers, and output drivers excluding RESET_n, TDI, TDO, TMS and TCK. Taking CKE_n
HIGH provides PRECHARGE POWER-DOWN and SELF REFRESH operations (all banks idle),
or ACTIVE POWER-DOWN (row ACTIVE in any bank). CKE_n must be maintained LOW
throughout read and write accesses.

CA[9:0] Input Command Address (CA) Inputs: The CA inputs receive packetized DDR commands, address or

other information, for example, the op-code for the MRS command. See Command Truth Table
for details.

DQJ15:0] 1/0 Data Input/Output: 16-bit data bus
DBI[1:0]_n 1/O Data Bus Inversion. DBIO_n is associated with DQ[7:0], DBI1_n is associated with DQ[15:8].
EDC[1:0] Output | Error Detection Code. The calculated CRC data is transmitted on these signals. In addition these
signals drive a ‘hold” pattern when idle. EDCO is associated with DQ[7:0], EDC1 is associated
with DQ[15:8].
CABLn Input Command Address Bus Inversion
Vbbo Supply |I/O Power Supply. Isolated on the die for improved noise immunity.
Vbp Supply | Power Supply
Vs Supply | Ground
Vpp Supply | Pump Voltage
VREFC Supply | Reference Voltage for CA/CABI_n/CKE_n signals
RFU Reserved for Future Use
NC No Connect
7Q Reference | External Reference for autocalibration
TDI Input JTAG test data input
TDO Output | JTAG test data output
T™S Input JTAG test mode select
TCK Input JTAG test clock
RESET_n Input RESET_n LOW asynchronously initiates a full chip reset. With RESET_n LOW all ODTs are

disabled. A full chip reset may be performed at any time by pulling RESET_n LOW.

NOTE 1: Index “_A” or “_B” represents the channel indicator "A" and "B" of the device. Signal names including the channel indicator
are used whenever more than one channel is referenced, as e.g., with the ball-out. The channel indicator is omitted whenever
features and functions common to both channels are described.

Rev 1.1 / Jul.2021 Confidential 185



SK%

9.3 ON DIE TERMINATION (ODT)

GDDR6 SGRAMs support multiple termination modes for its high speed input signals. When the termination is enabled for a
receiver, an impedance defined for that termination mode is applied between that input receiver and the Vppq supply rail.

This is commonly referred to as Vppq termination.

Table 75 includes all the high speed signals whose receivers include on die termination to Vppg and the corresponding

Mode Register bits to control their termination.

Table 76 — Signals Affected by Termination Control Registers

Termination Control Registers

WCKO_t_B, WCKO0_c_B,

MR10 OP [11:10]

Signal Notes
x16 mode x8 mode
CA[9:4]_A, CABL_n_A, CKE_n_A CAH Termination + CA TO
CA[9:4]_B, CABI_n_B, CKE_n_B MRS OP [4:2]
CAL Termination + CA TO
CA[3:0]_A, CA[3:0]_B MRS OP [4, 1:0]
CK Termination
Kt CRc MR8 OP [11:10] 1
DQ[7:0]_A, DBI0_n_A, Data Termination
DQJ[15:8]_B, DBI1_n_B MR1 OP [3:2]
DQ[15:8]_A, DBI1_n_A, Data Termination .
DQ[7:0]_B, DBIO_n_B MR1 OP [3:2] Disabled
WCKO_t_A, WCKO0_c_A, WCK Termination
WCKI1_t_B, WCK1_c_B MR10 OP [11:10]
WCK1_t A, WCK1 _c_A, WCK Termination Disabled 5

Notes:
1 CK ODT control via MRS is optional

2 WCK1_A and WCKO0_B are NC witﬁ WCK/word.
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9.4 PACKAGE OUTLINE

TOP VIEW SIDE VIEW BOTTOM VIEW
BALL Al
INDICATOR HA 1413121110 9 8 7 6 5 4 3 2 1
x ]
A| 00DOO++++0000
B | 0000O++++00000
C| 0000O++++00000
D | 0000Q++++00000
E| 0000O0++++00000
F | 00000++++00000 10
G| 000O0Q++++00000 o
H| 00000++++00000 i
J | 00000++++00000 1
A K'| 00000+4++++00000 S A
L| 00000++++00000 Z
M| 00000++++00000 =
N| 00000++++00000
P | 00O000++++00000
R | 00000++++00000 10
T| 00000++++00000 S
U| 00000++++0000061—Y
v 0OOQ++++ OOT *"
A 4 L A
—»| Al < > —p &
5x0.75=3.75 0.75
h 13x0.75=9.75
< 5 > h E g
Figure 126 — Package Dimensions?
Table 77 — Package Parameters
Parameter Symbol Minimum Nominal Variation
Length D 14.00 +/- 0.100
Width E 12.00 +/- 0.100
Height A 1.10 +/-0.100
Ball diameter b 0.50 +/- 0.050
Standoff Al 0.24
Ball pitch e 0.75

NOTE 1 GDDR6 package size, height and standoff specification is compliant to MO-328, Variation P14.0x12.0-GJ-180A
NOTE 2 All dimensions in mm unless otherwise noted.
NOTE 3 Nominal Ball diameter (b) is vendor specific between 0.45mm and 0.5mm.
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9.5 x8 MODE ENABLE

A GDDR6 SGRAM based memory system is typically divided into several channels. GDDR6 has been optimized
for a 16 bit wide channel. A channel can be comprised of a single device operated in x16 mode, or two devices
each operated in x8 mode. For x8 mode the devices are typically assembled on opposite sides of the PCB in

what is referred to as a clamshell layout.

Whether in x16 mode or x8 mode the device will operate with a point to point connection on the high speed
data signal. The disabled signals in x8 mode should all be in a Hi-Z state, non-terminating.

The x8 mode is detected at power up on EDC1_A and EDCO_B. For x8 mode this ball is tied to Vgg; the signal
is part of the byte that is disabled in this mode and therefore not needed for EDC functionality. For x16 mode
this signal is active and always terminated to Vppq in the system or by the controller. The configuration is set
with RESET_n going HIGH. Once the configuration has been set, it cannot be changed during normal
operation. Usually the configuration is fixed in the system. Details of the x8 mode detection are depicted in
Figure 124. A comparison of x16 mode and x8 mode systems is shown in Figure 125 and Figure 127 show

examples of the board topologies that are supported in GDDR6.

VDDQ

EDCO0_B

Controller

EDC data from
other DRAM

q—EDCJ
x8

VSss

l>RESET_n

RESET_r

GDDRé6
in x8 mode
Device 1

EDC Data

VDDQ

EDC1_B

Controller

EDC data from
other DRAM

I>RESETJ.

RESET_

GDDR6
in x8 mode
Device 0

EDC Data

VDDQ

EDC1_B

Controller

RESET_n

I>1ESETJ

RESET_

GDDR6
in x16 mode

EDC Data

1=x16

Figure 127 — Enabling x8 mode
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9.5 x8 MODE ENABLE (cont'd)
Table 78 — x8 mode
MODE EDCO0_A EDC1_A EDCO0_B EDC1_B
x8 Vbpg Vgg (on board) Vgg(on board) Vbpg
x16 Vppg (terminated by the system or controller)
GDDR6 GDDR6 GDDR6
x16 x8 x8
§ DQO0-DQ7_A, DBIO_n_A| Byte 0 f DQO0-DQ7_A, DBIO_n_A A Byte 0_A|
EDCO A EDCO_A
S b wekot AWC(L_O A —P = [ EPCi-A | EPC0-B
E T :‘é) Vss VsS
= DQ8-DQI5_A, DBI1_n_AY Byte 1 g — WCKO_t, WCK0_c ——— | WCKO_A
S |- EDCI_A @] DQ8-DQ15_B, DBI1_n_B Byte 1_B
~ T
8 |FWCKI_t_AWCKI_c_A * -9 Y |€4——EDC1_B
% g | WeK1_t WK1 _c | WCcK1_B
S CKE.n A— p» S CKE_n plckEnal— pjckEnB
: ADD/ - ADD/
CAJ[9:0]_A, CABI_A CMD CAJ9:0]_A, CABI_A cMD
DQ8-DQ15_B, DBI1_n_B }{ Byte O DQ8-DQ15_B, DBI1_n_B )| Byte1 B
¢ EDC1_B -t EDC1_B
—' |~ WCK1_t BWCK1 ¢ B —P> = |EDCOB [|EPCLA
qc) GQJ VSS VSS
g DQO-DQ7_B, DBIO_n_B J Byte 1 £ [—WCKI,WCKI_c —B-IWCK1 B
< <
o [ EDC0_B @) DQO-DQ7_A, DBIO_n_A Byte 0_A
% | WCKO_t_B,WCKO0_c_B* — 9] g T
— —~ |<€—  EDC0_A
§ § — WCKO_t, WCKO_c | WCK0_A
c <
S CKE_n_B ———p» S CKE_n pCKE n B+——p{CKE n A
: ADD/ - ADD/
CAJ9:0]_B, CABI_B CMD CA[9:0]_B, CABI_B CMD
CK_t, CK_c —Pp»] CK_t,CK_¢ = =
RESET_n ——p»] RESET_n > -
- TCK, TMS, TDI, TDO —pp»} -TCK, TMS, TDI, TDO —p» P

* WCK1_A and WCKO_B are NC with WCK/word.

Figure 128 — Example System view for x16 mode vs. x8 mode
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9.5 x8 MODE ENABLE (cont'd)

Figure 126 is an example that clarifies the use of x8 mode and how the bytes are enabled/disabled to give the
controller the view of the same bytes that a controller sees with a single x16 device. For a 16 bit channel using
2 devices in a clamshell design, Byte 0 comes from Channel A from the top device and Byte 1 comes from the
bottom Channel B and will look equivalent at the controller to a x16 mode.

Host Host
Cho ChoO
Byte 0 Byte 1
(DRAM (DRAM
ChA ChB
Byte 0) Byte 1)
Host Host
Chl Chl
Byte 0 Byte 1
(DRAM (DRAM
ChA ChB
Byte 0) Byte 1)

A
Ch A ChB
Byte 0 Byte 1
+
ChB ChA
Byte1l Byte 0
\
Top view thru package Top view thru PCB
(PCB below) (PCB above)
x8

_q_

Legend:
m— DATA

—— CA,CABLn
—— CKEn

=L |

x8

Controller view

x8 Top

Figure 129 — Byte Orientation in Clamshell Topology

x8 bottom
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9.5 x8 MODE ENABLE (cont’d)

The simple block diagrams in Figure 127 demonstrate some of the flexibility of PCB routing.

Single side configurations

CHAx16 CHBxI16 CHAxl6 CHBx16

HOST HOST
CHO CH2
CH1 CH3

Clamshell configurations

CHAxl6 CHBxI16

HOST
CHO
CH1
CH2
CH3

CH B x16 CH A x16

CHA x8 CH B x8
HOST HOST
CHO CH1
CHO CH1
CH B x8 CHA x8
Legend:
= DATA
m— CA, CABL_n
= CKE_n
—_— CK

Figure 130 — Example GDDR6 PCB Layout Topologies
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9.6 PSEUDO-CHANNEL (PC) MODE

A GDDR6 SGRAM based memory system is typically divided into several channels. GDDR6 has been optimized
for a 32B access across a 16-bit channel by providing a unique CA[9:0] bus to each 16-bit wide channel. For
applications requiring fewer CA pins, GDDR6 includes support for a PC mode where CA[9:4] on each channel is
connected to a common bus while CA[3:0] of each channel is connected to a separate bus. The command
truth table has been organized to enable this mode to support a unique column address to each pseudo-
channel on CA[3:0]. In the PC mode, CKE_n and CABI_n are also shared across the pseudo-channels.

In the PC mode, the only difference in the DRAM is that termination on CA[9:4], CKE_n, and CABI_n can be
configured differently from CA[3:0] but the functional operation of each channel is the same as in the normal
mode.

The PC mode can be selected during initialization by driving CA6 = LOW on both channels when RESET_n is
driven HIGH. The termination values are also selected at this time as defined in the initialization section. Mode
Register MR8 includes controls for over-riding the termination impedance on the CA interface. MR8 OP4 = 0
selects the values selected during initialization. MR8 OP1 = 1 selects the values define by MR8 OP[3:0] as
shown in Table 78 and Table 79.

Table 79 — CAH Termination for CKE_n, CABI_n, CA[9:4]

MRS OP[3:2] Termination Strength
00 Disabled
01 60 Ohm
10 120 Ohm
11 240 Ohm

Table 80 — CAL Termination for CA[3:0]

MR8 OP[3:2] Termination Strength
00 Disabled
01 60 Ohm
10 120 Ohm
11 Reserved
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9.6 PSEUDO-CHANNEL (PC) MODE (cont'd)

Table 81 — Example System Configuration for Pseudo-Channel Mode

GDDRe6 Controller
Dual channel PC-A PC-B Shared pins
CAQ0_A CAQ0_A
CA1_A CA1_A
CA2_A CA2_A
CA3_A CA3_A
CA4_ A CA4_A_B
CA5_A CA5_A_B
CA6_A CA6_A_B
CA7_A CA7_A_B
CA8_A CA8_A_B
CA9_A CA9_A_B
CABLn_A CABLLn_A_B
CKE_n_A CKE_n_A_B
CAOQ0_B CAOQ0_B
CA1_B CA1_B
CA2 B CA2 B
CA3_B CA3_B
CA4 B CA4_A_B
CA5_B CA5_A_B
CA6_B CA6_A_B
CA7_B CA7_A_B
CA8 B CA8_A_B
CA9_B CA9_A_B
CABIL_n_B CABI_n_A_B
CKE_n_B CKE_n_A_B
Pseudo-Channel Controller GDDR6

CA_A[3:0

CA_A_B[9:4], CKE_n_A_B, CABI_n_A B

CA_A[3:0]

CA B[3:0

P |CA_A[9:4], CKE_n_A, CABI_n_A]

CA_B[9:4], CKE _n_B, CABI_n_B]

—\—> CA_B[3:0]

Figure 131 — Example System Configuration for Pseudo-Channel Mode
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10. 1IEEE.1149.1 BOUNDARY SCAN

The GDDR6 SGRAM incorporates a boundary scan standard test access port that operates in accordance with
IEEE Standard 1149.1-2013. It allows monitoring and control of the device’s external 1/O pins through a

dedicated test port, and is controlled by an integrated test access port (TAP) controller.

Both channels A and B are equipped with their own TAP controller. This allows each channel to be tested indi-
vidually, similar to a standalone device.

DRAM vendors may in addition use this test access port to gain access to proprietary test modes built into the
device; this access will be provided through vendor defined instructions as outlined in section 10.4.

10.1 TEST PINS

Four dedicated pins are associated with the boundary scan test access port. The pins connect to each
channel’s TAP as illustrated in Figure 129 and described below.

The test clock is used only with the TAP controller. All inputs are captured on the rising edge of TCK. All

Ch A

W

| TCKl TMS

ChB

!

:

! TAP ;e rex TAP !
! TMS |« . . T™S !
Instrt}ctlon TDO TDO Instrt}ctlon
Register | Register
! [TITTTT] p | tp1 OTLITTI !
A A

\ 4
! TDI TDO !

!

Figure 132 — GDDR6 Dual TAP Controller Architecture
10.1.1 Test Clock (TCK)

outputs are driven from the falling edge of TCK. TCK is common to both channels.

10.1.2 Test Mode Select (TMS)

Commands to the TAP controller are received through the test mode select input. An internal pull-up resistor

ensures that an undriven input is latched as a logic 1. TMS is common to both channels.
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10.1.3 Test Data Input (TDI)

The pin is used to serially load test instructions and data into the registers and can be connected to the input
of any register. The register between TDI and TDO is selected by the instruction that is loaded into the TAP
instruction register. An internal pull-up resistor ensures that an undriven input is latched as a logic 1. TDI is
connected to the most significant bit (MSB) of any register. TDI is connected to channel A’s test data input
while channel B’s test data input is internally connected to channel A’s test data output.

10.1.4 Test Data Output (TDO)

The pin is used to clock test instructions and data serially out of the registers. The TDO output driver is only
active during the Shift-IR and Shift-DR TAP controller states (see Figure 130) and is Hi-Z in all other states.
The output changes on the falling edge of TCK. TDO is connected to the least significant bit (LSB) of any
register. TDO is connected to channel B’s test data output while channel A's test data output is internally
connected to channel B’s test data input.

10.2 TAP CONTROLLER

The TAP controller is a finite state machine that uses the logic level of the TMS pin at the rising edge of TCK to
navigate through its various operating modes as illustrated in Figure 130. The states are described
subsequently. Actions of the test logic (e.g., data capture, shift or register updates) occur on the next falling or
rising TCK edge in each state.

Test-Logic-Reset )

Select- M » Select-
@( Run—T‘ist/Idle F——r— DR-Scan ) 4N IR-Scan
y

1 ¥0 1 ¥0
Capture-DR j Capture-IR
v0 ¥0
Shift-DR @ Shift-IR @
vl ¥1
ExitlDR | ExitlIR
v0 30
Pause-DR @ ( Pause-IR @
vl ¥1
—(" ExicDR ) (" Ex-R )
vl ¥1
( Update-DR ( UpdatelR Je—
)1 v0 jl 0

Figure 133 — TAP Controller
10.2.1 Test-Logic-Reset

The Test-Logic-Reset state is entered when TMS is held HIGH for at least five consecutive rising edges of TCK.
As long as TMS remains HIGH, the TAP controller remains in the test-logic-reset state, and the test logic is
inactive during this state. The test-logic-reset state is also asychronously entered upon device initialization to
prevent any false interaction with the functional I/O of the device when boundary scan mode operation is not
desired.
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10.2.2 Run-Test/Idle

Run-Test/Idle is a controller state in between scan operations. The state can be maintained by holding TMS
LOW. From here, either the data register scan, or subsequently, the instruction register scan can be selected.

10.2.3 Select-DR-Scan

This is a temporary controller state. All test data registers retain their state while here.
10.2.4 Capture-DR

This state is where data is parallel-loaded into the test data registers.

10.2.5 Shift-DR

Data is shifted serially through the data register while in this state. As new data is input through the TDI pin,
data is shifted out of the TDO pin.

10.2.6 Exit1-DR, Pause-DR, and Exit2-DR

The purpose of Exit1-DR is to provide a path for return to the Run-Test/Idle state (through the Update-DR
state). The Pause-DR state is entered when there is a need to suspend data shifting through the test registers.
When shifting is to reconvene, the controller enters the Exit2-DR state and can then re-enter the Shift-DR
state.

10.2.7 Update-DR

Data is parallel loaded from the shift register to the parallel output register on the falling edge of TCK in this
controller state.

10.2.8 Instruction Register States

The instruction register states of the TAP controller are similar to the data register states. The desired
instruction is shifted serially into the instruction register during the Shift-IR state and is loaded during the
Update-IR state.

10.3 TAP REGISTERS

Several registers are provided to serially load and scan out instructions and data through the TDI and TDO
pins. Only a single register can be selected at a time; the selection is determined by the active instruction and
the TAP controller state.

The LSB (bit 0) of each register is located nearest to the serial output (TDO) and shifted out first.
10.3.1 Instruction (IR) Register

Eight-bit instructions (see Table 82) can be loaded serially into the instruction register. This register is loaded
during the Update-IR state of the TAP controller. The instruction register is loaded with the IDCODE instruction
upon power-up or when the TAP controller is in the Test-Logic-Reset state. When the TAP controller is in the
Capture-IR state, the register is loaded with a hexadecimal 0x01 pattern to accommodate fault isolation of the
board-level serial test data path.

10.3.2 Bypass (BY) Register

The BY register is a single-bit register that can be placed between the TDI and TDO pins. This enables data
shifting through the device with minimal delay. The BY register is loaded with 0 in the Capture-DR controller
state when the BYPASS, CLAMP or HIGH-Z instruction is executed.
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10.3.3 Identification (ID) Register

The ID register contains a vendor specific 32-bit hardwired device identification code as shown in Figure 131.
The register is loaded during the Capture-DR state when the IDCODE command is loaded in the instruction
register. The register is shifted out in the Shift-DR controller state. The manufacturer identity field shall be
programmed according to the latest revision of JEP106.

MSB LSB
31 2827 12 11 10
Version Part Number Maﬁgﬁﬁgrer 1

Figure 134 — Identification Register
10.3.4 Temperature (TR) Register

The 8-bit TR register is loaded with the binary readout of the device's temperature sensor (see TEMPERA-
TURE SENSOR section) in the Capture-DR controller state when the TEMPERATURE instruction is loaded in the
instruction register. The register is shifted out in the Shift-DR controller state.

10.3.5 Boundary Scan (BS) Register

The BS register is the primary test register that monitors and controls the data flow through the functional I/O
of the device. The register is parallel-loaded with the contents of the I/O when the TAP controller is in the
Capture-DR state. It is then placed between the TDI and TDO pins when the controller is moved to the Shift-
DR state; in that state new test data are serially shifted in from the TDI pin while the captured pin state are
shifted out on the TDO pin at the same time.

Different types of boundary scan cells are associated with each device pin. Example implementations of
boundary scan cells are shown in Figure 132.

Each input pin is equipped with an observe-only cell for input data capture. Differential clocks (CK, WCK) are
equipped with an observe-only input cell on both their true and complement inputs. Vggrc and ZQ pins are as
well equipped with an observe-only cell; their scan result may be masked (ignored) if, e.g., internal Vgggc is
used. Shared pins CK_t/CK_c, Vgrgrc and RESET_n can be observed via both channel’s TAP.

Each DQ pin is equipped with one combined input and output boundary scan cell. The cell performs the same
function for input data capture as provided for the input pins, and also holds the output data. An additional
boundary scan cell per byte controls the output enable of the 8 DQs of that byte.

Each DBI_n and EDC pin is equipped with two boundary scan cells. The first cell is the same combined input
and output boundary scan cell for input data capture and output data as for a DQ pin. The second cell controls
the output enable. It is pointed out that the input data capture on EDC pins is defined for EDCO_B and EDC1_A
only and should be masked (ignored) for EDCO_A and EDC1_B.

The boundary scan register of each channel has a fixed length of 48 for all densities, and the boundary scan
cells are serially connected as outlined in Table 81.
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10.3.5 Boundary Scan (BS) Register (cont'd)
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Figure 135 — Example Boundary Scan Cells
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10.3.5 Boundary Scan (BS) Register (cont’d)

Table 82 — Boundary Scan Register Bit Order

BALL BALL BALL
BIT|Ch A|ChB TYPE PIN BIT| Ch A (ChB TYPE| PIN BIT Ch A|Ch B [TYPE PIN
0 K1 | K1 I VREFC 16 | D-5 R-5 I WCKO_c || 32 - - OE | DQJ15:8]
1 J-1 J-1 I RESET_n || 17 | D4 R-4 I WCKO_t || 33 | D-13 | R-13 | OE DBI1_n
2 J-5 K-5 I CABLn 18 C-2 T-2 | OE EDCO 34 | D-13 | R-13 | I/O DBI1_n
3 J-3 K-3 I CA9 19 C-2 T-2 | I/O EDCO0 35 | E-12 | P-12 | I/O DQ12
4 J-4 K-4 I CA8 20 B-2 U-2 | I/O DQ3 36 | E-13 | P-13 | I/O DQ13
5 H-5 | L-5 I CA4 21 B-3 U-3 | I/O DQ2 37 | F-13 | N-13 | I/O DQ14
6 G4 | M4 I CA2 22 | A3 V-3 | I/O DQ1 38 | G-13 | M-13 | I/O DQ15
7 | H3 | L3 I CAO0 23 B-4 U4 | I/O DQO 39 | G-10 | M-10| I CKE_n
8 G-5 | M5 RFU 24 | B-11 | U-11 | I/O DQ8 40 | G-11 |M-11| I CAl
9 G2 | M2 | I/O DQ7 25 | A-12 | V-12 | I/JO DQ9 41 | H-12 | L-12 I CA3
10 | F2 | N2 | I/O DQ6 26 | B-12 | U-12 | I/O DQ10 42 | H-10 | L-10 I CA5
11 | E2 | P2 | I/O DQ5 27 | B-13 | U-13 | I/O DQ11 43 | J-12 | K-12 I CA6
12 | E3 | P-3 | I/O DQ4 28 | C-13 | T-13 | OE EDC1 44 | J-11 | K-11 I CA7
13 | D2 | R2 | OE DBIO_n 29 | C13 | T-13 | I/O EDC1 45 | K-10 | K-10 I CK_c
14 | D2 | R2 | I/O DBIO_n 30 | D-10 | R-10 I WCK1_c || 46 | J-10 | J-10 I CK_t
15 - - OE | DQ[7:0] 31 | D-11 | R-11 I WCKI1_t || 47 | J-14 | K-14 I zQ
NOTE1 Register types: I =input cell; I/O = combined input and output cell; OE = output enable control cell.
NOTE 2 Bit order applies to both channels A and B.
NOTE 3 Shared pins CK_t/CK_c, VREFC and RESET_n can be observed via both channel’s TAP.
NOTE 4 Input data capture on EDC pins is defined for EDC0O_B and EDC1_A only and should be masked (ignored) for EDC0_A and
NOTE 5 EAzilg_lE .shift register cell without connection to a primary input or output is associated with the RFU pin as a placeholder
as the type (input or output) of this pin is not yet defined. The state of this cell changes in the SHIFT_DR controller state
only.

10.4 TAP INSTRUCTION SET

Table 82 summarizes the instructions supported by the TAP controller. Instruction codes not listed in the table may be

used by the DRAM vendor for vendor specific test instructions.

Table 83 — Boundary Scan Instructions

Instruction Op-Code Active Data Register Register Length

BYPASS 0x00 Bypass 1
SAMPLE/PRELOAD 0x01 Boundary Scan 48
IDCODE 0x02 Identification 32

CLAMP 0x04 Boundary Scan / Bypass 48/1
HIGH-Z 0x08 Bypass 1
EXTEST 0x10 Boundary Scan 48
TEMPERATURE 0x20 Temperature 8
BYPASS OxFF Bypass 1
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10.4.1 SAMPLE/PRELOAD

The SAMPLE/PRELOAD instruction provides two functions. The SAMPLE function allows a snapshot of the states of the
device's input and output signals to be taken without interfering with the system’s normal operation; the snapshot is taken
and captured in the boundary scan register on the rising edge of TCK when the TAP controller is in the Capture-DR state.
The data can then be viewed by shifting through the device’s TDO output.

The PRELOAD function allows an initial data pattern to be placed at the latched parallel outputs of boundary scan register
cells before the selection of another boundary scan test operation, for example, before the selection of the EXTEST instruc-
tion. As soon as the EXTEST instruction has been transferred to the parallel output of the instruction register, the pre-
loaded data are driven through the system output pins.

10.4.2 IDCODE

The IDCODE instruction causes loading of a vendor-specific, 32-bit code into the identification register. It also places the
identification register between the TDI and TDO pins and enables shifting the IDCODE out of the device when the TAP
controller enters the Shift-DR state. The IDCODE instruction is loaded into the instruction register upon power-up or
whenever the TAP controller is in the Test-Logic-Reset state.

10.4.3 CLAMP

The CLAMP instruction allows the state of the device's output pins to be determined from the boundary scan register, while
the bypass register is selected as the serial path between TDI and TDO. Data in the boundary scan register may result
from the previous use of the PRELOAD instruction. The signals driven from the output pins do not change while the CLAMP
instruction is selected.

10.4.4 HIGH-Z

The HIGH-Z instruction places all device output pins into a Hi-Z state; it causes the bypass register to be connected
between TDI and TDO.

10.4.5 EXTEST

The EXTEST instruction allows testing of off-chip circuitry and board-level interconnections. Test data typically would be
loaded onto the latched parallel outputs of boundary scan shift-register stages using the PRELOAD instruction before
selection of the EXTEST instruction.

When the EXTEST instruction is selected, the state of all signals driven from the device’s output pins changes only on the
falling edge of TCK in the Update-DR controller state, and the state of all signals received at the device’s input pins shall be
loaded into the boundary scan register on the rising edge of TCK in the Capture-DR controller state.

10.4.6 BYPASS

When the BYPASS instruction is loaded in the instruction register and the TAP is placed in a Shift-DR state, the bypass
register is placed between TDI and TDO. Please note that two op-codes are associated with the BYPASS instruction.

10.4.7 TEMPERATURE

The TEMPERATURE instruction provides an alternative method to read the device’s junction temperature at any time
without interrupting the normal mode operation. It places the temperature register between the TDI and TDO pins.

10.5 BOUNDARY SCAN OPERATION

Figure 133 illustrates a typical boundary scan test port operating sequence. The TAP states correspond to those shown in
Figure 130. The sequence starts from the Test-Logic-Reset state. At first an instruction is serially loaded into the instruction
register at clock edges T6 through T13 and latched in the Update_IR state at T16. The TAP then advances to the data reg-
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ister states, to parallel-load test data into the test data register in the Capture-DR state at T19, serially shift the test data in
the Shift-DR state starting at T20, and finally to update the test data register’s parallel outputs in the Update-DR state at

T20+n.

It is pointed out that this example sequence refers to channel A or channel B separately. Any test pattern shift operation
for a GDDR®6 device is achieved by serially connecting the test pattern for channels A and B in accordance with the internal
connection between both TAPs as shown in Figure 129. As an example, the 8-bit instruction registers of channel A and B
are connected in series in the SHIFT_IR state. The 8-bit instruction code for channel B will be shifted in first immediately
followed by the 8-bit instruction code for channel A, resulting in a total of 16 shift operations to load both channel’s instruc-

tion registers.

T0 T3 T4 T5 T12 T13 T14
i ’ N\
TcK _%%%%%%%% -
_ tTCK IR I%
Y '
ws YO A0 O Q @_O_ O A
{TDS | €« EA—tTDH '
TDI X Valid ><:>< )Vath:X Valid X
£TDS —p i 3 4— {TDH
TDO \'
N
r(a
TAP  Test-Logic-y" Run-Test/ y Select-DR-} Select-IR- ¥, 0 IRY Shift-IR Sh'ft-IRZZ Shift-IR X ExitldR X Pa e-IR>
State Rese Idle Scan Scan ptu . ! § ! ! us
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) »
Ti5 T16 T17 T18 T19 T20 T18+n T19+n T20+n T214+n
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NOTE1 tyoy =0 is shown for illustration purposes.

Figure 136 — Example Boundary Scan Operation
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10.5 BOUNDARY SCAN OPERATION (cont’d)
Table 84 — Boundary Scan AC Electrical Characteristics

PARAMETER/CONDITION SYMBOL MIN MAX | UNIT
TCK clock cycle time trek 20 - ns
TCK clock HIGH-level width tren 0.45 - trck
TCK clock LOW-level width trer 0.45 - trek
TDI, TMS input setup time to rising TCK edge tDs 2.5 - ns
TDI, TMS input hold time from rising TCK edge tTDH 2.5 - ns
TDO output hold time from falling TCK edge tron 0 - ns
TDO output valid time from falling TCK edge trov - 5 ns

10.6 INTERACTIONS BETWEEN BOUNDARY SCAN AND NORMAL DEVICE OPERATION

Boundary scan operation may be initiated at any time after all voltages are stable (step 3 of the power-up sequence).

Interactions between normal device operation and boundary scan operation depend on the selected scan instruction (see

Table 82):

e Instructions BYPASS, IDCODE, TEMPERATURE and SAMPLE/PRELOAD can be loaded and executed in parallel with

normal device operation. The state of the high speed pins is not impacted by these scan instructions, and all
commands are executed as normal. It is pointed out that the SAMPLE function of the SAMPLE/PRELOAD instruction is
not supported; any data sampled with this instruction shall be ignored.

Instructions EXTEST, CLAMP and HIGH-Z take control of the high speed pins and therefore cannot be executed in
parallel with normal device operation. The device disables the respective channel’s command decoder, terminates all
ongoing command executions and forces the respective channel into reset state once one of these instructions is
loaded into the instruction register.

Once boundary scan operation has been completed, the device may return to normal operation without cycling through
power-off and power-on by following this sequence:

1. Assert RESET_n to LOW.

2. Terminate boundary scan operation by setting the TAP controller back to Test-Logic-Reset state; this state will load
the IDCODE instruction into the instruction register, enable the command decoder and release control of the high
speed pins.

3. Maintain RESET_n LOW for a minimum time of tggs, then continue with step 3 of the initialization with stable power
sequence
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	2.1. FEATURES
	2.2. ORDERING INFORMATION
	2.3. DEFINITION OF SIGNAL STATE TERMINOLOGY
	2.4. DEFINITION OF CLOCKING TERMINOLOGY
	2.5. CLOCKING
	3.1. POWER-UP SEQUENCE
	• CK clock is stable and toggling
	• The timing of all CA signals must be guaranteed
	• The desired WCK2CK alignment point (MR7, OP0) and WCK Ratio (MR10 OP9) are selected.
	• 2 Mode Register bits for internal WCK Inversion / Quad Shift (MR10, bits OP[7:4]) must be set to a known state
	• All banks are idle and no other command execution is in progress
	• Device initialization
	• Any RLmrs, WLmrs, CRCRL or CRCWL latency change
	• CK and WCK frequency changes
	• Change of the WCK2CK alignment point (MR7 OP0) or WCK Ratio (MR2 OP11)
	• Self Refresh exit or exit from Power-Down when LP2 (OP1 in MR5) is set
	* NOTE The divided WCK_t/WCK_c should be aligned CK_t/CK_c by WCK2CK Auto Synchronization or WCK stop mode

	1) Enable training mode via MRS and wait tMOD
	2) Sweep and observe the phase independently for WCK0 on EDC0 and WCK1 on EDC1; in case the internal divider circuits are at opposite phase use either the WCK inversion / quad shift bits to flip/shift one of the WCK divider circuits
	3) Adjust the WCK phase independently for WCK0 and WCK1 or WCK0 for WCK/word to the optimal point (“ideal alignment”)
	4) Issue a PLL/DLL reset and wait for tLK (PLL/DLL on mode only)
	5) While all WCK and CK are aligned, exit WCK2CK training mode via MRS
	6) Wait tMOD for the reset of data synchronizers
	1) Stop WCK clocks with WCK0_t/WCK1_t LOW and WCK0_c/WCK1_c HIGH
	2) Wait tWCK2MRS for internal WCK clocks to settle
	3) Enable training mode via MRS and wait tMRSTWCK for divider circuits to reset
	4) Start WCK clocks without glitches (divider circuits remain in sync)
	5) Wait tWCK2TR for internal WCK clocks to stabilize
	6) Sweep and observe the phase independently for WCK0 on EDC0 and WCK1 on EDC1 or WCK0 for WCK/word ; adjust the WCK phase to the optimal point (“ideal alignment”)
	7) Issue a PLL/DLL reset and wait tLK (PLL/DLL on mode only)
	8) While all WCK and CK are aligned, exit WCK2CK training mode via MRS
	9) Wait tMOD for the reset of data synchronizers

	1) Enable training mode for both DRAMs via MRS and wait tMOD
	2) For both DRAMs sweep and observe the phase independently for WCK0 on EDC0 and WCK1 on EDC1; in case the internal divider circuits are at opposite phases use either the WCK inversion / quad shift bits to flip/shift one of the WCK divider circuits; ...
	3) Sweep and observe the phase on the first device; store the setting for the optimal WCK phase.
	4) Sweep and observe the phase on the second device; store the setting for the optimal WCK phase.
	5) Sweep WCK phase to the midpoint of both device’s optimal settings
	6) Issue a PLL/DLL reset and wait for tLK (PLL/DLL on mode only)
	7) While all WCK and CK are aligned, exit WCK2CK training mode via MRS
	8) Wait tMOD for the reset of data synchronizers
	• at least one bank is active, or a REFab must be in progress and OP2 in Mode Register 5 (MR5) is set to 0 to allow training during a REFab (to disable this special refresh enabling of the WCK clock tree an ACT command must be issued, or the device...
	• WCK2CK training must be complete
	• the PLL/DLL must be locked, if enabled
	• RDBI and WDBI must be enabled prior to and during Read Training if the training shall include DBI_n. RDCRC and WRCRC must be enabled prior to and during Read Training if the training shall include the EDC signals.
	• LDFF to preload the Read FIFO;
	• RDTR to read a burst of data directly out of the Read FIFO.
	• at least one bank is active, or a REFab must be in progress and bit OP2 in Mode Register 5 (MR5) is set to 0 to allow training during a REFab (to disable this special REF enabling of the WCK clock tree an ACT command must be issued, or the device...
	• WCK2CK training should be complete
	• Read training should be complete
	• RDBI and WDBI must be enabled prior to and during Write Training if the training shall include DBI_n. RDCRC and WRCRC must be enabled prior to and during Write Training if the training shall include the EDC signals.
	• WRTR to write a burst of data directly into the Read FIFO;
	• RDTR to read a burst of data directly out of the Read FIFO.
	• MR4 that changes bits OP[3:0] or OP[11:9]
	• MR1 that changes bits OP[1:0]
	• MR6 that changes TX EQ codes
	• MR12 OP2 to disable the optional PRBS feature
	NOTE 1 H = Logic HIGH Level; L = Logic LOW Level; V = Valid, signal may be H or L, but not floating; R, F = Rising, Falling CK clock edge
	NOTE 2 Values shown for CA[9:0] are logical values; the physical values are inverted when Command/Address Bus Inversion (CABI) is enabled and CABI_n=L.
	NOTE 3 M[3:0] provide the Mode Register address (MRA), OP[11:0] the opcode to be loaded.
	NOTE 4 BA[3:0] provide the bank address, R[(14), 13:0] provide the row address.
	NOTE 5 BA[3:0] provide the bank address, C[6:0] provide the column address; no sub-word addressing within a burst of 16. BST[15:0] provide the write data mask for each burst position with WDM(A) and WSM(A) commands.
	NOTE 6 CE (Channel Enable) is intended for PC mode. The command is active when CE = H. When CE = L the array access is suppressed. In two channel mode CE shall be driven HIGH.
	NOTE 7 The command is Refresh (all banks) or Per-Bank / Per-2-Bank Refresh when CKE_n(n) = L and Self Refresh Entry when CKE_n(n) = H. The second bit of CA4 selects between Refresh (all banks) and Per-Bank / Per-2-Bank Refresh.
	NOTE 8 B[3:0] select the burst position, and D[9:0] provide the data.
	NOTE 9 BA[3:0] provide the bank address.
	NOTE 10 All three encodings perform the same NOP. NOP (2) and NOP (3) encodings are only allowed during CA Training.

	• WDM: WRITE-With-Doublebyte-Mask:
	• WSM: WRITE-With-Singlebyte-Mask:
	NOTES
	1. The number of Max 0’s in the burst is 4 only if RDBI is enabled. Max 0‘s is on a per byte basis and does not include the EDC.
	2. V = Valid signal (H or L, but not floating)

	• DBI_n drives DBI FIFO data with RDTR command
	• DBI_n FIFO accepts WRTR data with the WRTR command
	• DBI_n drives ODT when not READ or RDTR
	• DBI_n always drives ODT (unless RESET_n)
	• DBI_n drives ODT (unless RESET_n)
	• 8 bit checksum on 72 bits (9 bit lanes x 8 bit burst) x 2 for 16bit checksum (Full data rate EDC) or 8 bit checksum on 144 bits (9 bit lanes x 16 bit burst) for 8 bit checksum (Half data rate EDC)
	• dedicated EDC transfer pin per 9 bit lanes (2x per channel)
	• asymmetrical latencies on EDC transfer for READs and WRITEs
	• for WRITEs, the CRC checksum is calculated on the DQ and DBI_n input data before decoding with DBI
	• for READs, the CRC checksum is calculated on the DQ and DBI_n output data after encoding with DBI
	NOTE 2 The EDC hold pattern related register bits MR2 OP11, MR4 OP11 and MR4 OP[3:0] are not to influence the bit stream when PRBS is enabled.


	1) Issue MRS command(s) on both channels to set the VDDQ Off and Hibernate SRF bits and wait for tMOD.
	2) Issue a SELF REFRESH ENTRY command followed by NOPs for tCPDED. After tCPDED the device is held in hibernate self refresh regardless of the level of the CKE_n signal.
	3) After meeting tVOFF timing it is safe to power off VDDQ. The voltage level at all device inputs except RESET_n has to be kept at or below VDDQ at all times of the VDDQ power off and on transitions. The RESET_n input must be pulled HIGH to prevent ...
	4) For exiting this mode, apply power to VDDQ. The device will detect the VDDQ stable state when VDDQ reaches 0.9 x VDD and will subsequently return to (regular) Hibernate Self Refresh.
	5) Drive CKE_n to HIGH latest at time tCTEN after VDDQ is stable (>90% of VDD). The device will re-enable the CKE_n receiver after tCTEN has elapsed. Maintain CKE_n HIGH until tHEX has elapsed.
	6) Hibernate self refresh can be exited a time tHEX after VDDQ is stable. Follow the procedure described above to exit hibernate self refresh and return to normal operation.
	NOTE 1 H = Logic HIGH Level; L = Logic LOW Level; X = Don’t Care (command decoder disabled)
	NOTE 2 CKE_n(n) is the logic state of CKE_n at clock edge n; CKE_n(n-1) was the state of CKE_n at the previous clock edge.
	NOTE 3 Current state is the state of the device immediately prior to clock edge n.
	NOTE 4 COMMAND(n) is the command registered at clock edge n, and ACTIONn is a result of COMMANDn.
	NOTE 5 All states and sequences not shown are illegal or reserved.
	NOTE 6 NOP commands should be issued on any clock edges occurring during the tXS period. A minimum of tLK is needed for the PLL/DLL to lock before applying a READ or WRITE command if the PLL/DLL was disabled.
	NOTE 1 H = Logic HIGH Level; L = Logic LOW Level; V = Valid signal (H or L, but not floating)
	NOTE 2 This table applies when CKE_n(n-1) was LOW and CKE_n(n) is LOW (see Table 46) and after tXS has been met (if the previous state was self refresh).
	NOTE 3 This table is bank-specific, except where noted (i.e., the current state is for a specific bank and the commands shown are those allowed to be issued to that bank when in that state). Exceptions are covered in the notes below.
	NOTE 4 Current state definitions:
	Idle: The bank has been precharged, and tRP has been met.
	Row Active: A row in the bank has been activated, and tRCD has been met. No data bursts/accesses and no register accesses are in progress.
	Read: A READ burst has been initiated, with auto precharge disabled.
	Write: A WRITE burst has been initiated, with auto precharge disabled.
	NOTE 5 The following states must not be interrupted by a command issued to the same bank. NOP commands, or allowable commands to the other bank should be issued on any clock edge occurring during these states. Allowable commands to the other bank are...
	Precharging: Starts with registration of a PRECHARGE command and ends when tRP is met. Once tRP is met, the bank will be in the idle state.
	Row Activating: Starts with registration of an ACTIVATE command and ends when tRCD is met. Once tRCD is met, the bank will be in the “row active” state.
	Read w/Auto-Precharge Enabled: Starts with registration of a READ command with auto precharge enabled and ends when tRP has been met. Once tRP is met, the bank will be in the idle state.
	Write w/Auto-Precharge Enabled: Starts with registration of a WRITE command with auto precharge enabled and ends when tRP has been met. Once tRP is met, the bank will be in the idle state.
	NOTE 6 The following states must not be interrupted by any executable command; NOP commands must be applied on each positive clock edge during these states.
	Refreshing: Starts with registration of a REFab command and ends when tRFCab is met. Once tRFCab is met, the device will be in the all banks idle state.
	Accessing Mode Register: Starts with registration of a MODE REGISTER SET command and ends when tMOD has been met. Once tMOD is met, the device will be in the all banks idle state.
	Precharging All: Starts with registration of a PREall command and ends when tRP is met. Once tRP is met, all banks will be in the idle state.
	READ or WRITE: Starts with the registration of the ACTIVATE command and ends with the last valid data nibble.
	NOTE 7 All states and sequences not shown are illegal or reserved.
	NOTE 8 Not bank-specific (REFab, MODE REGISTER SET) or bank specific (REFpb / REFp2b); requires that all banks (REFab, MODE REGISTER SET) or the current bank (REFpb / REFp2b) are idle, and bursts are not in progress.
	NOTE 9 May or may not be bank-specific; if multiple banks are to be precharged, each must be in a valid state for precharging.
	NOTE 10 Reads or Writes listed in the Command/Action column include Reads or Writes with auto precharge enabled and Reads or Writes with auto precharge disabled.
	NOTE 11 A WRITE command may be applied after the completion of the READ burst
	NOTE 1 H = Logic HIGH Level; L = Logic LOW Level; V = Valid signal (H or L, but not floating)
	NOTE 2 This table applies when CKE_n(n-1) was LOW and CKE_n(n) is LOW (see Table 46) and after tXS has been met (if the previous state was self refresh).
	NOTE 3 WRITE in this table refers to WOM/WOMA, WSM/WSMA and WDM/WDMA commands
	NOTE 4 This table describes alternate bank operation, except where noted (i.e., the current state is for bank n and the commands shown are those allowed to be issued to bank m, assuming that bank m is in such a state that the given command is allowab...
	NOTE 5 Current state definitions:
	Idle: The bank has been precharged, and tRP has been met.
	Row Active: A row in the bank has been activated, tRCD has been met and no data bursts/accesses and no register accesses are in progress.
	Read: A READ burst has been initiated, with auto precharge disabled.
	Write: A WRITE burst has been initiated, with auto precharge disabled.
	Read with Auto Precharge Enabled: See following text
	Write with Auto Precharge Enabled: See following text
	NOTE 5a The read with auto precharge enabled or write with auto precharge enabled states can each be broken into two parts: the access period and the precharge period. For read with auto precharge, the precharge period is defined as if the same burst...
	NOTE 5b The minimum delay from a READ or WRITE command with auto precharge enabled, to a command to a different bank is summarized in Table 49.
	NOTE 6 REFab and MODE REGISTER SET commands may only be issued when all banks are idle.
	NOTE 7 All states and sequences not shown are illegal or reserved.
	NOTE 8 READs or WRITEs listed in the Command/Action column include READs or WRITEs with auto precharge enabled and READs or WRITEs with auto precharge disabled.
	NOTES:
	1. BL = Burst length
	2. WLmrs = Write latency
	3. tWTR = tWTRS when Bank Groups disabled or WRITE and READ access different bank groups, otherwise tWTR = tWTRL
	4. tCCD = tCCDS when bank groups is disabled or the second WRITE or READ is to a different bank group, otherwise tCCD = tCCDL; tCCD and tCCDMW are effective for both PC mode and 2-channel operation.
	5. tRTP = tRTPL when Bank Groups enabled and the PRECHARGE command accesses the same bank, otherwise tRTP = tRTPS
	6. RU = round up to next integer
	7. PREab is treated as a NOP for a bank when that bank is already idle or in the process of being precharged.
	8. WOM / WDM / WSM in the “Minimum Delay between...” column refer to the “From Command”.
	9. A command issued during the minimum delay time is illegal.
	Step 1) Complete all operations and precharge all banks.
	Step 2) Issue MRS commands on both channels to set VDD Range to proper values for Vnew. This step is only required when the VDD Range mode register field is supported by the device. The DRAM vendor’s datasheet should be consulted to verify if the f...
	Step 3) Enter self refresh mode on both channels. Self refresh entry procedure must be met.
	Step 4) Wait required time tCKSRE before changing voltage to Vnew.
	Step 5) Change VDD and VDDQ to Vnew.
	Step 6) Wait required time tVS for voltage stabilization.
	Step 7) Exit self refresh. The self refresh exit procedure must be met.
	Step 8) Issue MRS commands to adjust mode register settings as desired (e.g., latencies, PLL/DLL on/off, CRC on/off).
	Step 9) Perform any interface training as required.
	Step 10) Continue normal operation.
	NOTE 1 Measurement procedures for each parameter must follow standard procedures defined in the current JEDEC JESD- 51 standard.
	NOTE 2 Theta_JA and Theta_JB must be measured with the high effective thermal conductivity test board defined in JESD51-7
	NOTE 3 Airflow information must be documented for Theta_JA.
	NOTE 4 TJ_MAX and TC_MAX are documented for normal operation in this table. These are not intended to reflect reliability limits.
	NOTE 5 Theta_JA should only be used for comparing the thermal performance of single packages and not for system related junction temperature prediction.
	NOTE 6 Theta_JB and Theta_JC are derived through a package thermal simulation.
	NOTE 7 Values are guaranteed by design but not tested in production
	Notes : DRAM Component Operating Temperature Range
	8.6 AC & DC OPERATING CONDITIONS (cont’d)
	• Set Strength Control to minimum setting
	• Increase drive strength until comparator detects data bit is greater than VDDQ/2
	• PMOS device is calibrated to 120 Ohms
	• Set Strength Control to minimum setting
	• Increase drive strength until comparator detects data bit is less than VDDQ/2
	• NMOS device is now calibrated to 120 Ohms
	• IDD currents are measured as time-averaged currents, with all VDD balls of the device under test tied together. IDDQ and IPP currents are not included in IDD currents.
	• IPP currents are measured as time-averaged currents with all VPP balls of the device under test tied together. IDD and IDDQ currents are not included in IPP currents:
	• “0” and “LOW” is defined as VIN <= VILAC(max);
	• “1” and “HIGH” is defined as VIN >= VIHAC(min);
	• CABI and DBI are enabled;
	• All ODTs are enabled with ZQ/2 for Data, CA and WCK inputs;
	• WLmrs, RLmrs, RAS, WR are set to appropriate values;
	• CRC is enabled for READs and WRITEs with appropriate CRCWL and CRCRL settings;
	• the EDC hold pattern is programmed to’0101’;
	• Bank groups are enabled if required for device operation at tCK(min);
	• Command Address (CA) inputs include CABI_n;
	• Each data byte consists of eight DQs and one DBI_n;
	• NOP with all CA inputs pulled HIGH during idle command cycles;
	• Data pattern (one burst of 16) used with IDD1, IDD4R, IDD4W and IDD7 pattern: - DATA0 is vendor specific. For example, 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh 55h 1Eh - DATA1 is vendor specific. For example, 1Eh 55h 1Eh 55h 1Eh 55...
	• Basic IDD and IPP Measurement Conditions including timings used for IDD Measurement-Loop Patterns are described in Table 61.
	• IDD Measurements are done after properly initializing the device. This includes the pre-load of the memory array with data pattern used with IDD1, IDD4R and IDD7 measurements.
	• The IDD and IPP Measurement-Loop patterns shall be executed at least once before actual measurement is started.
	• The measurements should be first taken with the device configured to x16 mode first and the x8 mode (2 separate measurements)
	• Measurements are taken per device with the same IDD Measurement-Loop Patterns on both channels
	NOTE 1 Max. values for IDD currents considering worst case conditions of process, temperature and voltage.
	NOTE 2 Applicable for MR2 OP[7:6] = 0.
	NOTE 3 Supplier data sheets include a max value.
	NOTE 4 IDD6E is only specified for devices which support the Extended Temperature Range feature. Refer to the supplier datasheet for the appropriate self refresh setting in MR2 OP[7:6]
	NOTE 5 Refer to the supplier data sheet for the value specification method (e.g., max, typical) for IDD6E and IDD6A.
	NOTE 6 IDD6A is only specified for devices which support the Temperature Controlled Self Refresh feature enabled by MR2 OP[7:6]
	NOTE 7 The number of discrete temperature ranges supported and the associated Ta - Tz, and TOPERmax values are supplier/design specific. Temperature ranges are intended to denote the nominal trip points for the internal temperature sensor to bracket ...
	NOTE 8 When TCSR is disabled in the DRAM, TN represents the temperature limit for normal operation of the DRAM.
	NOTE 9 When TCSR is disabled, some DRAMs may support an extended temperature range that is typically 10 oC higher than TN and often requires additional refresh cycles. TE represents this extended temperature limit.
	NOTE 10 TR represents the temperature used to reflect the current consumed in a typical room temperature environment .
	NOTE 11 TOPERmax represents the max temperature supported by the DRAM when TCSR is enabled.
	NOTE 12 IDD6H is for hibernate self refresh as enabled with MR7 OP=1. IDD6H also applies in the case that the optional hibernate self refresh with VDDQ off is supported and enabled with MR 12 OP0=1. Hibernate self refresh and hibernate self refresh w...
	NOTE 13 IPP3N test and limit is applicable for all IDD6 conditions
	NOTE 14 IDD6R and IDD6H values are characterized but not necessarily tested, see vendor data sheets for more details.
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	NOTE 1: Index “_A” or “_B” represents the channel indicator "A" and "B" of the device. Signal names including the channel indicator are used whenever more than one channel is referenced, as e.g., with the ball-out. The channel indicator is om...

	NOTE 1 GDDR6 package size, height and standoff specification is compliant to MO-328, Variation P14.0x12.0-GJ-180A
	NOTE 2 All dimensions in mm unless otherwise noted.
	NOTE 3 Nominal Ball diameter (b) is vendor specific between 0.45mm and 0.5mm.





