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Features

4 128M-bit DDR PSRAM

€ Supply Voltage
1.8V
- VDD = 1.62V to 1.98V
-VVDDQ = 1.62V to 1.98V
3.3V
-VDD =2.7V to 3.6V
-VDDQ = 2.7V to 3.6V

€ Double-Data-Rate (DDR) Interface
- 8-bit data bus
- Two Bytes transfer per clock
- Data mask (DM) for write operation
- Data strobe (DQS) for high speed read operation

@ Clock rate up to 266/200MHz for 1.8V/3.3V
- 533/400MBps read/write throughput

€ Organization
- 16M x 8bits with 1024 Bytes per page

@ Operating temperature range
- Industrial Temp. 1:-40°C to 85°C
- Industrial Temp. 1I:-40°C to 105°C (TBD)

¢ Power Saving Features
- Partial array self-refresh
- Auto temperature compensated Self- Refresh
- User configurable refresh rate
- Low Power Mode (LPM) with Data Retention

€ Low Power Consumption
1.8V
- Typical 40pA in LPM with data retention (25°C)
- Max 400pA standby current (85°C)
- Max 26 A deep power down current (85°C)
3.3V
- Typical 60pA in LPM with data retention (25°C)
- Max 500pA standby current (85°C)
- Max 26 A deep power down current (85°C)

€ Configurable Burst Characteristics
- Linear burst
- Wrapped burst
16/32/64/128/1K Bytes burst length
- Hybrid burst

€ Package Information
- TFBGA-24ball (5x5 ball array)
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Ordering Information

Part Number Decoding

G

S R 7

Valid Part Numb

ers

Speed Type
4: 400Mbps (200MHz)
5: 533Mbps (266MHz)

Operating Temp.

E: Industrial Temp 1. (-40°C~85 °C)

Product Version
M: 1! version

Voltage
A: VDD=VDDQ=3.3V
D: vVDD=VDDQ=1.8V

Bit Organization
8: x8

Package Type
W2: BGA 24 (6*8mm)

Product Density
7:128Mb

Product Type
R: R series

Product Family
S: PSRAM

Company
G: Global XC Memory

Table 1. Valid Part Numbers

Part Number

Voltage

Frequency

Temperature

Package

GSR7W28DM-E5

1.8V

266MHz

Tc=-40°C~85°C

BGA24

GSR7W28AM-E4

3.3V

200MHz

Tc=-40°C~85°C

BGA24
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1 Package Information

1.1  BGA 24-ball

4

8
DNU
VSSQ
53
vDDQ
&
DQ7

Top View

DNU CS# RESET# DNU
CK VSS VDD DNU
DNU DQS/DM DQ2 DNU
B 63 04 65
DA DQO DQ3 DQ4
& 6 @ 6
DQ6 DQ5 vVDDQ VSSQ

Figure 1. Footprint for BGA 24-ball
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1.2 Package Outline Drawing
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Dimensions
Symbol
A A1 A2 b E E1 D D1 e
Unit
Min 0.25 0.75 0.35 5.90 7.90
4.00 4.00 1.00
mm | Nom 0.30 0.80 0.40 6.00 8.00
BSC BSC BSC
Max 1.20 0.35 0.85 0.45 6.10 8.10
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2 Signal Description
Symbol Type Description Note
VDD Power Core supply
vVDDQ Power 10 supply
VSS Power Core supply
VSSQ Power 10 supply
DQJ7:0] I/0 Data bus [7:0]
DQ strobe clock for DQ[7:0] during all reads. Data mask for DQ[7:0]
DQS/DM I/0
during memory writes. DM is active high. DM=1 means “do not write”.
CS# Input Chip select.
CK Input Clock input
Reset signal, active low. Optional, as the pad is internally tied to a
RESET# Input
weak pull-up and can be left floating.
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3 Block Diagram

”””””””””””””””””””” 64Mb DIEO(RA13=0b) |
o
Cs# > 3
> S Memory
CK - 0
X
DQS/DM = > /0 C&g{gl » Y Decoders ‘
DQ[7:0] = > <> DataALatch
> A4
Data Path
”””””””””””””””””””” 64Mb DIE1(RA13=1b) |
2
(0]
> 8
> S Memory
» [a)
Control X
. | ontro |
- > /0 Logic » Y Decoders ;
< » <> Data Latch
| A |
RESET# : > \
} Data Path
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4 Power-Up Initialization

An on-chip voltage sensor is used to launch the power-up initialization process. VDD and VDDQ must be applied
simultaneously. When the power supply reaches a stable level at or above VDD(min), the device will require tVCS time to
complete its self-initialization process.

CS# should remain HIGH (track VDD within 200mV) and CLK should remain LOW during power-up.

If RESET# is LOW during power up, the device delays start of the tVCS period until RESET# is HIGH. The tVCS period is
used primarily to perform refresh operations on the DRAM array to initialize it. When initialization is complete, the device is

ready for normal operation.

For Deep Power Down entry, the device need tDPD time. For Low Power Mode, the device need tLPM time.

vbDyDDQ  YPDmin, ¢
cs# T
tves Device ready for normal operation
- ™excluding LPM&DPD Entry
RESET# P tDPD | Device ready for normal operation
including DPD Entry,
_ tLPM not including LPM Entry _ |Device ready for
all operations
Don’t Care
Figure 2. Power-up with RESET# HIGH
VDDmin
VDDNDDQ >
CS# T
_tRP | tVCS Device ready for normal operation
- g ""excluding LPM&DPD Entry
RESET# T
tDPD Device ready for normal operation
- »! including DPD Entry,
{LPM not including LPM Entry | Device ready for

all operations

Don't Care

Figure 3. Power-up with RESET# LOW

The RESET# pin can also be used at any time after the device is initialized to reset all register contents. Memory content is

not guaranteed. Timing requirements for RESET# usage is shown below.

Cs#

RESET#

tRST

Figure 4. RESET# Timing
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Table 2. Power up and parameters

Symbol Parameter Min Max Unit
tVCS Power up reset time 150 us
tDPD VDD/VDDQ= min to Deep Power Down (DPD) entry 500 us
tLPM VDD/VDDQ= min to Low Power Mode (LPM) entry 1 ms

As an alternate power-up initialization method, After the tPU the Global Reset command is used to reset the device as

follows:

vVDDNDDQ

VDDmin
yuUrming

tPU

Device ready for Global Reset

Figure 5. Power-Up Initialization by Global Reset

The Global Reset command resets all register contents. Memory content is not guaranteed. Clocking is optional during tRST.

Note that Global Reset command can be used ONLY as Power-up initialization.

=
(9]
4]
n__

CK Optional

tCSPh 3 tRST
Lt ! N o S—
cs# 3[ L ) Y
- e
. ISP tCHD
DQ[7:0
mor I st 5
tHD
DQS/DM )
MDon'tCare
Figure 6. Global Reset Timing
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5 Interface Description

5.1 Address Space

Memory page size is 1K Byte. CA bits are used for data access within one page and RA bits are used for page addressing.

Table 3. Address bits map-16bits based

X8

A3 A2 A1 A0
DQ7 Ob RA9 RA1 Ob
DQ6 Ob RA8 RAO Ob
DQ5 Ob RA7 CA8 Ob
DQ4 Ob RAG CA7 Ob
DQ3 RA13 RAS5 CA6 Ob
DQ2 RA12 RA4 CA5 CA2
DQ1 RA11 RA3 CA4 CA1
DQO RA10 RA2 CA3 CAO

5.2 Burst Type and Length

Burst lengths of 16/32/64/128/1K Bytes in standard or hybrid wrap modes are register configurable. The device also includes
command burst options for Linear Bursting. Bursts can start on any address. Write burst length requires a minimum of 2
Bytes. Read has no minimum length limit.

Both write and read have no restriction on maximum burst length as long as tCSM is met.

5.3 Command/Address Latching

After CS# goes LOW, instruction code is latched on 15! CK rising edge. Access address is latched on the 2", 3, 4t and
6" CK edges (15! falling edge, 2" CK rising edge, 2" CK falling edge, 3™ CK falling edge). For multi-col and multi-row access,

more clocks are required for address latching.

5.4 Command Truth Table

The device recognizes commands listed in the following table. Instruction and address are input through DQ[7:0] pins. Host
must send correct instruction and address format according to the following table.
Note that Linear Burst commands (20h and AOh) ignore burst setting defined by Mode Register.

Note that only Linear Burst Read command (AOh) is capable of performing row boundary crossing read.

Table 4. Command Truth Table

1st CK 2nd CK 3 CK
Sync Read 80h A3 A2 A1 00h A0
Sync Write 00h A3 A2 A1 00h A0
Linear Burst Read AOh A3 A2 A1 00h A0
Linear Burst Write 20h A3 A2 A1 00h A0

DS-01311-GSR7W28xM-Rev1.0xc 1" 2025/5/7



R

XCMEMTRY GSR7W28xM
1st CK 2n CK 31 CK
4 s 4 s 4 1
Mode Register Read® COh/EOh 00h/01h MA1 00h 00h MAO
Mode Register Write®) 40h/60h 00h/01h MA1 00h 00h MAO
Multi Column Burst Read 04h A3 A2 A1 00h A0
Multi Column Burst Write 84h A3 A2 A1 00h A0
Multi Row Burst Read 02h A3 A2 A1 00h A0
Multi Row Burst Write 82h A3 A2 A1 00h A0
Refresh BOh X X X X X
Global Reset FFh X X X X X
Note:
1. x=don’tcare
2. MA = Mode Register Address
3. 00h for DIEO; 01h for DIE1
Table 5. Command Truth Table (cont.)
4th CK 5t CK 6th CK
Y 1 Y 1 Y 1
Multi Col Burst Read A4 AO01 A1z AO2 Als AO03
Multi Col Burst Write A4 AO01 A1z AO2 Als AO03
Multi Row Burst Read A31 A24 Al4 A0+ X X
Multi Row Burst Write A31 A24 Al4 A0+ X X

5.5 Read Operation

Output data is available after Command/Address latching and latency cycles. Latency cycle configuration is defined in Mode

Register. For fixed latency setting, the latency length is LCx2. For variable latency setting, DQS/DM indicates the latency
count. If DQS/DM is LOW during the Command/Address cycles, latency length is LCx1. If DQS/DM is HIGH during the

Command/Address cycles, an additional LC is inserted and the total latency length is LCx2. After Command/Address

latching, the device initializes DQS/DM to 0. Once these latency clocks have been completed the memory starts to

simultaneously transition DQS/DM and output the target data.

tRC

CK

CS# T

Latency Count 5

|
]
i
i
-
il
i
i
i

DQ[7:0]
tDSV

DQS/DM

TR
— | | | |
TSt 2 oo 0

High-Z

. tHD
High-Z High=2x Latency Count
Low=1x Latency Count

tDQSCK _ |

KX] Undefined

Figure 7. Synchronous Read (LCx1)
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< tRC ‘

oK Y % A A S U Y W O S W 3
. :TCSF’; § § § Latency Count 5 3 Latency Count 5 § tCHD 3 i

Cs# I i § § § § gg gg i gg ] tCPH i
ose . 3 tHZ j |

Darro) NSt A3 Az A foon (A0} (0000 po o1 0203 | st

tDSV, 7r “tHD IDQSCK 1 |
pasioM —IZ I ih=2x Latency Count « q W S_\;

Low=1x Latency Count

m Undefined

Figure 8. Synchronous Read (LCx2)

1 2 3 4 5

CK

.

i Latency Count 5

par7o) insT{ A3 [ A2 ) A1 fdon) A0 ot bojpryp2fosy )

tDQSCKmin_: |

A A W A

DQS/DM

parro o O oo

tDQSCKmax

: -—
)} undefined

DQS/DM

Figure 9. Read Latency and tDQSCK

tCL_ tCH toK
-~ e —
cK I S T S
|, . basa |
High-Z  orommmArn ‘
oarer M2 ifoo i on)io e i
| e 4>L¢
tDQSCKmin | tDQSCKmin |
i S
DQS/DM i
| pasa
R4 avevavavivivivavavevave o3\
DQ[70] e it Do ki D1 D2} D3 )]
-+ -
1tDQS CKmax 1tDQS CKmax
DQS/DM : U :
DX undefined

Figure 10. Read DQS/DM & DQ Timing
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When Linear Burst Read Command (AOh) is issued, read operation may cross row boundaries as shown below. However,
Boundary Crossing is NOT supported between 2 dies, and Linear Burst Read Command (AOh) cannot cross die boundary.
When the last address of the die is reached, the next data out would be at beginning of the die.

Note that there are 2 dies in one discrete, and boundary crossing is NOT supported between 2 dies. The address will loop

back to the beginning of the active die when reaching the die boundary.

ox il
= A Latency Count3 | |
Cs# IR atency Coun | g |
s ‘ 1
High-Z \VAVAVAVAVAY (VAVAVAVAVAVAVAVA
Dar70] : (0o [ o1 0000 O0Gozfos) [ )
tHD | tRB Xwait 1
DSV, | < High=2x Latency Count tDASCK, . tDASCK —
DQS/DM Low=1x Latency Count LT i m
% % Undefined

Figure 11. Linear Burst Read with Row Boundary Crossing (Starting Column address 1FFh)

5.6 Multi-Col Read Operation

Multi column read function is used for random read in one row, which significantly improves the 1/O efficiency by saving time
expense of instruction/address input, latency clocks and tCPH.

After inputting instruction code (04h) and first address (A3, A2, A1, A0), the same timing as Read operation, 3 additional
column addresses (A11, AO1, A12, AO2, A1s, AO3) should be input in sequence. The data of the first column address is
available after LC latency cycles. Note that LC setting is different from normal read operation, as shown in Table 12. The
data output length of each address is defined by MR2-Byte1[1:0], and CA[1:0] should be 00b. Note that burst length must
NOT be set as 1K-Byte (MR2-Byte0[0]#0b).

tRC

CK

LU

S T R 1 [ dl
| tSP; | | | | | | | | | | | )

— > ! ! ! ! ! ! ! ! ! ! ! o ! P !

oarro) 000Fo0)o1) feolorpodor §foosor 49" st

tDSV_| | tDQSCKi Eurst Length Burst Length Burst Length Burst Length
High=2x Latency Count —

DQS/DM Low=1x Latency Count mmmmwm&
O] undefined

Figure 12. Multi-Col Read Timing

5.7 Multi-Row Read Operation

Multi row read function is used for random read in different rows, which is an efficient way to saving time expense of
instruction/address input, latency clocks and tCPH for random access.

After inputting instruction code (02h) and first address (A3, A2, A1, AO), the same timing as Read operation, one additional
address (A31, A21, A14, AD1) on the same die should be input in sequence. The data of the first address is available after
LC latency cycles. Note that LC setting is different from normal read operation, as shown in Table 12. The data output length

of each address is defined by MR2-Byte1[7:4]. Following data out of the first address and a shorter latency (LC_s), the data

DS-01311-GSR7W28xM-Rev1.0xc 14 2025/5/7
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of the second address is output. The latency count is set by MR2-Byte1[7:4]. Note that burst length must NOT be set as 1K-
Byte (MR2-Byte0[0]#0b).

Note that the two addresses input should be of the same die, either the lower or higher 64Mb.

tRC

CK

MOV T T latencyCounts 1
cs# S S S S L S 1 tcPH Ji—|
D N N I I I I . | |

igh-Z :
DQ[70] (Do )(D1) m (Do, D1, )| QV—SH'Q INST
{DSV tHD tDQSCK i Burst Length C_s = BurstLength
- ™ High=2x Latency Count ‘ y, High-Z (
DQS/DM Low=1x Latency Count m S_/—\_/—Ssj’ L

KX] Undefined

Figure 13. Multi-Row Read Timing

5.8 Write Operation

A minimum of 2 Bytes of data must be input in a write operation. In the case of consecutive short burst writes, tRC must be
met by issuing additional CS# high time between operations. Single-Byte write operations can be done by masking through
DQS/DM pin.

Data will continue to be transferred as long as the master continues to transition the clock while CS# is LOW. Note that burst
transactions should not be so long as to prevent the memory from doing distributed refreshes.

Wrapped bursts will continue to wrap within the burst length. Hybrid wrap will wrap once then switch to linear burst starting
at the next wrap boundary. Linear burst will wrap at the page edge. A maximum of 1K Byte of data could be input by a single
Linear Write command. Write transfers can be ended at any time by bringing CS# HIGH when the clock is idle.

For variable latency setting, DQS/DM indicates the latency length. If DQS/DM is LOW during the Command/Address cycles,
latency count LCx1. If DQS/DM is HIGH during the Command/Address cycles, an additional latency is inserted and the total
latency count is LCx2.

[ tRC -l
CK ‘
i f | | - | | | i tCHD
el | ———
| | Latency Count 3 !
cst BTN y Ham
i SPi 3 tCPH
B - i i
DQ[7:0] — INST
tDSV,

= MERRT) | | | o
tHD i | | | |
High=2x Latency Count ! | | | |

! ‘ High-Z( |
DQS/DM Low=1x Latency Count m: g (/7\ 1

D1&DS5 of DQ[7:0] masked from DM Don't Care

Figure 14. Write Operation Timing (LCx1)
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tRC

cs# j\ =SP 3 3 i Latency Count 3 g Latency Count 3 '3 § § § } 7<;H M
sorro, a5 o oo o2

tDSV, 7’¢ v—% | 1
DQs/DM High=2x Latency Count m 3 3 | High- ZL

Low=1x Latency Count

D1&D5 of DQ[7:0] masked from DM Don’t Care

Figure 15. Write Operation Timing (LCx2)

tCH tCL tCK
-

o P
Cowee
oasiow IIIIIIIIIAEMI’:W /7717177
oy TS s 71T
Don'tCare

Figure 16. Write DQS/DM & DQ Timing

5.9 Multi-Col Write Operation

Multi column write function is used for random write in one row, which significantly improves the 1/0 efficiency by saving time
expense of instruction/address input, latency clocks and tCPH.

After inputting instruction code (84h) and first address (A3, A2, A1, AO), the same timing as Write operation, 3 additional
column addresses (A14, AO1, A1z, AO2, A13, AO3) should be input in sequence. CA[1:0] of each address should be 00b. Each
column address should be input in sequence after LC latency cycles. Note that LC setting is different from normal read
operation, as shown in Table 12. Data length follows the setting in MR2-Byte1[1:0], and the data of the 4 column address is
input successively. Note that burst length must NOT be set as 1K-Byte (MR2-Byte0[0]#0b).

tRC

; lﬁ | | Latency Count 5 | | |
oot = — : 1 f_ tcpH > |
| ; ; }

‘SH'gh'z INST

- J J J J J J J J J J ! < >l »
e tHD BurstLength Burst Length BurstLength BurstLength

’¢H' h=2x Latency Count | ! ! ! igh-
DQS/DM—— L$€v=1: L:t:::yy C:L:lnnt ( m gg_/“—\ ( /—j High-Z SL

DO01,D0,,D05 of DQ[7:0] masked from DM mDon't Care

Figure 17. Multi-Col Write Timing
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5.10 Multi-Row Write Operation

Multi row write function is used for random write in different rows, which is an efficient way to save time expense of
instruction/address input, latency clocks and tCPH for random access.

After inputting instruction code (82h) and first address (A3, A2, A1, AO), the same timing as Write operation, one additional
address (A31, A21, A14, AD1) on the same die should be input in sequence. The data of the first address should be input
after LC latency cycles. A shorter latency(LC_s) is insert between each data burst. The LC count is set by MR2-Byte1[7:4].
Note that LC setting is different from normal read operation, as shown in Table 12. Data length follows the setting in MR2-
Byte1[1:0], and CA[1:0] should be 00b. Note that burst length must NOT be set as 1K-Byte (MR2-Byte0[0]#0b).

Note that the two addresses input should be of the same die, either the lower or higher 64Mb.

tRC

»

A e N e A e B 3 ) %‘\ ) QS—F
cs# 23 3 § % % % % % % % %Latency Count5 V% % Wﬂ i
oarrey ) o0 0 [ v DCOSY WL CI AR R T

t@»— tHD Qurst Length

High=2x Latency Count

DQS/DM Low=1x Latency Count § gg A 3 g&Mg

DO, of DQ[7:0] masked from DM ///|pon‘t Care

[
[l
|
|

CK

A .
LC_s Burst Length

Figure 18. Multi-Row Write Timing

5.11 Mode Registers

Mode Register Read Timing is shown below. Mode Register Address in command determines which Mode Register is read

from. All Mode Registers are 16-bit wide and transferred in one clock cycle (each 8-bit for rising edge and falling edge).

tRC
CK \
= i tCS;P Latency Count 5 > §
cs# 3 § i i
‘ —|_ tcPH 7 |
iz, |3 |
High-Z High-Z
DQ[7:0] = < INST
i 7 7 7 7 [ !
tDSV, 7’¢ tHD tDQSCK |
High=2x Latency Count ‘ iah-
DQS/DM Low=1x Latency Count ﬂﬂgb%) \
mDon't Care MUndefined

Figure 19. Mode Register Read

Register Writes are always latency 1. Latency Code (MR2-Byte1[7:4]) does not apply to Mode Register Write. Mode Register
Read follow the same read latency settings, defined in MR2-Byte1[7:4]. MR1 and MRO are read only. MR3 and MR2 are

writable.
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tRC
cstt
DQ[7:0]
DQS/DM §

Note:Latency countis not applicable for Register write. The DQS/DM driven LOW or
HIGH during CA cycle should be ignored by the host and the host must continue

register write with zero latency. Don’t Care

Figure 20. Mode Register Write

Table 6. Mode Register Table

MR MA1 MAO.
Access | Byte OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

No. |[31:24] | [7:0]

ByteO DIE# Row Address bit Count
MRO 00h 00h R

Byte1 Column Address bit Count Vendor ID(0000b)

Byte0 [ ]
MR1 00h 01h R

Byte1 KGD Device ID

Byte0 | DPD Dr. Str. |B. Len.
MR2 01h 00h R/W

Byte1 Latency Code LCT. (BurstT.| BurstLength

ByteO Software Reset M. Ref. | Ref. Freq. Set
MR3 01h 01h R/W

Byte1 | | LPMen | PASR Ref. Freq. Flag

Note:

1. Blank box = reserved. The reserved bits should be set to 1b for MR[3:2].
2. Addr.[23:8] should be 0000h.

3. DIE# = 0b for DIEO(lower 64Mb); DIE#=1b for DIE1(higher 64Mb).

Table 7. Row Address bit Count MR0-Byte0[4:0] and Column Address bit Count MR0-Byte1[7:4]
Density. Row Addr. Count MRO0-Byte0[4:0] Col. Addr. Count MRO-Byte1[7:4]
64Mb 13 01100b 9 1000b

Table 8. KGD Code MR1-Byte1[7]

MR1-Byte1[7] Description
Ob Good die
1b Fail die
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Table 9. Device ID MR1-Byte1[3:0]

MR1-Byte1[3:2] Description

00b VDD=VDDQ=1.8V

10b VDD=VDDQ=3.3V
MR1-Byte1[1:0] Description

00b Device Without On-die ECC
01b Device With On-die ECC

Table 10. Deep Power Down Mode MR2-Byte0[7]

MR2-Byte0[7] Description
Ob Enter Deep Power Down Mode
1b Normal Mode (default)
Table 11. Drive Strength (Dr. Str.) Codes MR2-Byte0[6:4]
MR2-Byte0[6:4] Drive Strength (Dr. Str.)
000b 33 Ohms (default)
001b 100 Ohms
010b 66 Ohms
011b 50 Ohms
100b 40 Ohms
101b 25 Ohms
110b 20 Ohms
111b reserved

Table 12. Read/Write Latency Code MR2-Byte1[7:4]

Read Latency Multi Col/Row Read Latency
Latency between data burst
LC_min LC_max LC_min LC_max (LC_s) Frequency
Read Write
1110b 3 6 6 6 0 4 84MHz
1111b 4 8 6 8 0 5 108MHz
0000b 5 10 6 10 0 6 133MHz
0001b 6 12 6 12 0 8 166MHz
0010b 7 14 7 14 0 9 200MHz
0011b 8 16 8 16 0 10 213MHz
0100b 9 18 9 18 3 11 233MHz
0101b 10 20 10 20 4 13 266MHz
0110b 11 22 11 22 5 14 266MHz
0111b 12 24 12 24 6 16 266MHz
Others Reserved
Note:

1. Default setting is 0010b
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The device is built with volatile DRAM array which requires periodic refresh of all bits in it. The refresh operation can be

done by an internal self-refresh logic that will evenly refresh the memory array automatically. The automatic refresh operation
can only be done when the memory array is not actively read or written by the host system. The refresh logic waits for the
end of any active read or write before doing a refresh, if a refresh is needed at that time. If a new read or write begins before
the refresh is completed, the memory will insert additional latency time at the start of the new access in order to allow the

refresh operation to complete before starting the new access.

Table 13. Latency Type (LC T.) MR2-Byte1[3]

MR2-Byte1[3] Latency Type (LC T.)
Ob Variable
1b Fixed (default), and must be set as fixed LC for 128Mb dual-die stack

The 128Mb dual-die stack only supports fixed latency. In fixed latency mode, when CS# asserted LOW,
1. The DQS/DM signal of each die of dual-die 128Mb will always drive to HIGH during CA phase.

2. The DQS/DM signal of the non-selected die of dual-die 128Mb will always drive to Hi-Z after CA phase.
3. The DQS/DM signal of the selected die of dual-die 128Mb will drive to LOW after CA phase.

Table 14. Operation Latency

Area Operation Refresh or not Fixed Latency
No Refresh LCx2
Read
Refresh LCx2
Memory
No Refresh LCx2
Write
Refresh LCx2
No Refresh LCx2
Read
Register Refresh LCx2
Write Either 1

Table 15. Burst Type (Burst T.) MR2-Byte1[2], Burst Length MR2-Byte0[0], MR2-Byte1[1:0]

MR2-Byte0[0] MR2-Byte1[2:0] Burst Length
1b 000b 128 Byte Hybrid Wrap
1b 001b 64 Byte Hybrid Wrap
1b 010b 16 Byte Hybrid Wrap
1b 011b 32 Byte Hybrid Wrap
1b 100b 128 Byte Wrap
1b 101b 64 Byte Wrap
1b 110b 16 Byte Wrap
1b 111b 32 Byte Wrap (default)
0b x11b 1K Byte Wrap

Note:

1. For Multi-row and multi-column READ/WRIT, burst length must NOT be set as 1K-Byte (MR2-Byte0[0]#0b).

Device powers up in 32 Byte Wrap. For non-Hybrid burst (MR2-Byte1[2]=1b), MR2-Byte1[1:0] sets the burst address space
in which the device will continually wrap within. If Hybrid burst wrap is selected (MR2-Byte1[2]=0b), the device will burst
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through the initial wrapped burst length once, then continue to burst incrementally up to maximum column address (1k Byte)

before wrapping around within the entire column address space. Burst length can be set to 16/32/64/128/1K Bytes.

Table 16. Example of Wrap/Hybrid Wrap

MR2-Byte0[0] MR2-Byte1[2:0] Starting Burst Address Sequence
1b 000b 2 2,3,4,...63,0,1,64,65,66...
1b 001b 2 2,3,4,...31,0,1,32,33,34...
1b 010b 2 2,3,4,5,6,7,0,1,8,9,10...
1b 011b 2 23,4,...15,0,1,16,17,18...
1b 100b 4 [4,5,6,...63,0,1,2,3]

1b 101b 4 [4,5,6,...31,0,1,2,3]

1b 110b 4 [4,5,6,7,0,1,2,3]

1b 111b 4 [4,5,6,...15,0,1,2,3]

Ob x11b 4 [4,5,6,...511,0,1,2,3]

The Linear Burst Commands (20h and AOh) ignore the wrap settings(MR8[2:0]). Linear Burst Read (AOh) can cross page

edge. Linear Burst Write (20h) cannot cross page edge.

Table 17. Software Reset MR3-Byte0[7:4]

MR3-Byte0[7:4]

Description

1010b

Software Reset

1111b

Default

Others

Reserved

Table 18. Manual Refresh MR3-Byte0[2]

MR3-Byte0[2]

Manual Refresh Setting

Ob

Manual Refresh enabled

1b

Manual Refresh disabled (default)

When Manual Refresh is enabled, the controller takes accountability of array refresh by issuing Refresh command (opcode

BOh). The duration of Refresh is tRFC, within which no instruction is allowed. At least 1024 Refresh command is required
within tREFW. Burst refresh up to 1024 is allowed.

cK Py iIginN v IR
| | tRFC L1 1 tRFC |
~icsP " icsp tcsp
e = R
ost i S TR & )
| ...l tCHD | o tCHD |
tSP tSP tsP
- e -
parro] /N Tinst | ) INST ¥ ) Y INST
tHD tHD
DQS/DM \ )
MDon'tCare

Figure 21. Refresh Timing
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When Manual Refresh is disabled, the distributed refresh operation requires that the host does not perform burst transactions
longer than the distributed refresh interval to prevent the memory from doing the distributed refreshes operation when it is
needed. This sets an upper limit on the length of read and write transactions so that the automatic distributed refresh
operation can be done between transactions. This limit is called the CS# low maximum time (tCSM) and tCSM will be equal
to the maximum distributed refresh interval. The host system is required to respect the tCSM value by terminating each
transaction before violating tCSM. This can be done by host memory controller splitting long transactions when reaching the
tCSM limit, or by host system hardware or software not performing a single burst read or write transaction that would be
longer than tCSM. The maximum refresh interval is longer at lower temperatures such that tCSM could be increased to allow

longer transactions.

Table 19. Refresh Frequency Setting MR3-Byte0[1:0]

MR3-Byte0[1:0] Refresh Frequency Setting

00b Enable 0.5x Refresh when temperature allows
01b Enable 1x Refresh when temperature allows
10b reserved

11b Always 4x Refresh (default)

Table 20. Low Power Mode (LPM) enable MR3-Byte1[5]

MR3-Byte1[5] Description
0Ob Normal Mode (default)
1b Enter Low Power Mode

The PASR bits restrict refresh operation to a portion of the total memory array. This feature allows the device to reduce
standby current by refreshing only part of the memory array required by the host system. The refresh options are full array,
one-half array, one-quarter array, one-eighth array, or none of the array. The mapping of these partitions can start at either
the beginning or the end of the address map.

Table 21. Partial Array Self-Refresh (PASR) Setting MR3-Byte1[4:2]

MR3-Byte1[4:2] Refresh Range Address Space of DIEQ Address Space of DIE1
000b Full array (default) 0000 0000h ~ 007F FFFFh 0080 0000h ~ 00FF FFFFh
001b Bottom 1/2 array 0000 0000h ~ 003F FFFFh 0080 0000h ~ 00BF FFFFh
010b Bottom 1/4 array 0000 0000h ~ 001F FFFFh 0080 0000h ~ 009F FFFFh
011b Bottom 1/8 array 0000 0000h ~ 000F FFFFh 0080 0000h ~ 008F FFFFh
100b None 0 0

101b Top1/2 array 0040 0000h ~ 007F FFFFh 00CO0 0000h ~ O0FF FFFFh
110b Top1/4 array 0060 0000h ~ 007F FFFFh 00EO 0000h ~ 0O0FF FFFFh
111b Top1/8 array 0070 0000h ~ 007F FFFFh 00F0 0000h ~ O0OFF FFFFh

Table 22. Self Refresh Flag (Read-Only) MR3-Byte1[1:0]

MR3-Byte1[1:0]

Self Refresh Interval

00b

0.5x Refresh (tCSM=8us)

01b 1x Refresh (tCSM=4ps)
10b 4x Refresh (tCSM=1ps)
11b reserved
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5.12 Low Power Mode

Low Power Mode puts the device in an ultra-low power state, while the stored data is retained. Low Power Mode Entry is by
writing 1b into MR3-Byte1[5]. CS# going high initiates the Low Power mode and must be maintained for the minimum
duration of tLPM. The Low Power Mode Entry command sequence is shown below. Only one die of the dual-die 128Mb
stack can be programmed to enter LPM mode at a time.

cK I I SO A W R WY A S
tCSP tCHD!
|

ot 11 | ]
. ISP %L
paro]  ///insTpie# 01 00 ) 0o ) o1 [avedavenf////// /1 /]/]
tHD

MDon't Care

Figure 22. Low Power Mode Entry

Low Power Mode Exit is initiated by a low pulsed CS#. Afterwards, CS# can be held high with or without clock toggling until
the first operation begins (observing minimum Low Power Mode Exit time, tXLPM).

y tXLPM .
ox AREUER DS VI Sn U o T an U an W an U
tXPLPM
cs# R ;
tSP 1!
= High-Z
aro) 7 :
" TtHD
DQS/DM N/
MDon't Care

Figure 23. Low Power Mode Exit (Read Operation shown as example)

5.13 Deep Power Down Mode

Deep Power Down Mode (DPD) puts the device into power down state. DPD Mode Entry is entered by writing Ob into MR2-
Byte0[7]. CS# going high initiates the DPD Mode and must be maintained for the minimum duration of tDPD. The Deep

Power Down Entry command sequence is shown below. Only one die of the dual-die 128Mb stack can be programmed to
enter DPD mode at a time.

e A S A U A U s S
- o
CS# / SS yﬁ
ISP ~—oeD "
oarro) /] /ivstpiEd o1 )00 ) 00 ) o0 o777/ 717]
tHD
Don't Care

Figure 24. Deep Power Down Entry

Deep Power Down Exit is initiated by a low pulsed CS#. After a CS# DPD exit, CS# must be held high with or without clock

toggling until the first operation begins (observing minimum Deep Power Down Exit time, tXDPD).
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Figure 25. Deep Power Down Exit (Read Operation shown as example)

Register values and memory content are not retained in DPD Mode. After DPD mode register values will reset to defaults.

tDPDp is minimum period between two DPD Modes (measured from DPD exit to the next DPD entry) as well as from the

initial power up to the first DPD entry.

5.14 Software Reset

The Software Reset provides a software method of returning the device to the standby state. During tRST the device will

draw Irst current. While Software Reset time (tRST), bus transactions are not allowed. Register values and memory content

are not retained after Software Reset, and register values will reset to defaults.

CK

Cs#

| tSP

ISP] {RST
DQ[70] IIiEW”lIIIIl:
tHD

Ly

MDon’t Care

Figure 26. Software Reset Timing
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6 Electrical Specifications

6.1 Absolute Maximum Ratings

Table 23. Absolute Maximum Ratings

Symbol Parameter Rating Unit Note
VT Voltage to any ball except VDD, VDDAQ relative to VSS -0.4 to VDD/VDDQ+0.4 \Y,
-0.4 to +2.45 \Y, For 1.8V
VDD Voltage on VDD supply relative to VSS
-0.4 to +4 \Y, For 3.3V
-0.4 to +2.45 \Y, For 1.8V
vDDQ Voltage on VDDQ supply relative to VSS
-0.4 to +4 \Y, For 3.3V
Tste Storage Temperature -55 to +150 °C 1
Note:

1.  Storage temperature refers to the case surface temperature on the center/top side of the PSRAM

Caution: Exposing the device to stress above those listed in Absolute Maximum Ratings could cause permanent damage.
The device is not meant to be operated under conditions outside the limits described in the operational section of this

specification. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability.

6.2 Pin Capacitance-1.8V

Table 24. Bare Die Pin Capacitance (Ta = 25°C)

Symbol Parameter Min Max Unit Note
CIN Input Pin Capacitance 2 pF VIN=0V
CcouT Output Pin Capacitance 2 pF VOUT=0V

Table 25. Package Pin Capacitance (Ta = 25°C)

Symbol Parameter Min Max Unit Note
CIN Input Pin Capacitance 10 pF VIN=0V
CcouT Output Pin Capacitance 6 pF VOUT=0V

Table 26. Load Capacitance

Symbol Parameter Min Max Unit Note
30 pF <200Mhz
CL Load Capacitance
10 pF >200Mhz
Note:

1.  System CL for the use of package

6.3 Pin Capacitance-3.3V

Table 27. Bare Die Pin Capacitance (Ta = 25°C)

Symbol Parameter Min Max Unit Note
CIN Input Pin Capacitance 4 pF VIN=0V
couT Output Pin Capacitance 3 pF VOUT=0V
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Table 28. Package Pin Capacitance (Ta = 25°C)
Symbol Parameter Min Max Unit Note
CIN Input Pin Capacitance 12 pF VIN=0V
COouT Output Pin Capacitance 8 pF VOUT=0V

Table 29. Load Capacitance

Symbol Parameter Min Max Unit Note
30 pF <200Mhz
CL Load Capacitance
10 pF >200Mhz
Note:

1.  System CL for the use of package

6.4 Decoupling Capacitor Requirement

System designers need to take care of power integrity considering voltage regulator response and the memory peak

currents/usage modes.

—» CS# vDDHH—H?e-—"+-—"-—"-"7"
— > CK ~|C1<=1pF - | C2=4.7-10uF
DQ
— o N e
Low ESR cap C1

It is recommended to place a low ESR decoupling capacitor of <=1uF close to the device to absorb transient peaks.

Large cap C2

Though Low Power Mode average current is small (less than 100pA), its peak current from internal periodical burst refresh
can reach up to the level of 25mA. The peak current duration can last for few tens of microseconds. During this period if the
system regulator cannot supply such large peaks, it is important to place a 4.7uF-10uF cap to cover the burst refresh current

demand and replenish the cap before the next burst of refresh. Contact XC Memory for further decoupling solution assistance.

6.5 Operating Conditions

Table 30. Operating Temperature

Parameter Min Max Unit
Operating Temperature (Industrial Temp. 1) -40 85 °C
Operating Temperature (Industrial Temp. 1I) TBD TBD °C
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6.6 DC Characteristics
Table 31. DC Characteristics-1.8V
Symbol Parameter Min Typ Max Unit Note
Vop Supply Voltage 1.62 1.98 \Y
Vbba I/0O Supply Voltage 1.62 1.98 \Y
Vi Input high voltage Voba - 0.4 Vopa + 0.2 \Y
Vi Input low voltage -0.2 0.4 Vv
VoH Output high voltage (low=-0.2mA) 0.8 Vopa \Y
VoL Output low voltage (lo.=+0.2mA) 0.2 Vopa \Y
L Input Pin leakage current -2 2 MA
ILo Output Pin leakage current -2 2 MA
Read @166MHz 17 19 mA 1,2
Iop Read @200MHz 20 22 mA 1,2
Read @266MHz 22 25 mA 1,2
Write @166MHz 16 18 mA 1,2
loo Write @200MHz 18 20 mA 1,2
Write @266MHz 20 23 mA 1,2
Iss Standby current (-40 to 85°C) 132 400 MA 1,2,3,4,5
IoPD Deep Power Down current 8 26 MA 1,2,3
IrsT Software Reset current 140 500 MA 1,2,3
Note:
1.  Typical value at Ta = 25°C.
2. Value guaranteed by design and/or characterization, not 100% tested in production.
3. Without CLK toggling.
4. 0.5x Refresh
5. Full Array Refresh
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Table 32. DC Characteristics-3.3V
Symbol Parameter Min Typ Max Unit Note
Vop Supply Voltage 2.7 3.6 \%
Vbba I/0O Supply Voltage 2.7 3.6 \%
ViH Input high voltage Voba — 0.4 Vobpa + 0.2 Y
Vi Input low voltage -0.2 0.4 \Y
Von Output high voltage (lon=-0.2mA) 0.8 Voba Y
VoL Output low voltage (lo.=+0.2mA) 0.2 Vbba Y
I Input Pin leakage current -2 2 MA
ILo Output Pin leakage current -2 2 MA
Read @166MHz 17 19 mA 1,2
oo Read @200MHz 20 22 mA 12
oo Write @166MHz 16 18 mA 1,2
Write @200MHz 18 20 mA 1,2
Iss Standby current (-40 to 85°C) 200 500 MA 1,2,3,4,5
IoPD Deep Power Down current 14 26 MA 1,2,3
IrRsT Software Reset current 200 700 MA 1,2,3
Note:
1.  Typical value at Ta = 25°C.
2. Value guaranteed by design and/or characterization, not 100% tested in production.
3. Without CLK toggling.
4. 0.5x Refresh
5.  Full Array Refresh
6.7 ISB and ILPM Partial Array Refresh Current-1.8V
Table 33. Typical-mean PASR Current @ 25°C
PASR Ise-typical mean ILpm-typical mean Unit
Full 132 40 MA
1/2 120 28 MA
1/4 114 22 pA
1/8 110 20 MA
Table 34. Typical-mean PASR Current @ 85°C
PASR Ise-typical mean ILpm-typical mean Unit
Full 400 240 WA
12 300 144 MA
1/4 250 96 MA
1/8 220 48 MA
Note:
1. Current at 25°C is only attainable by enabling 0.5x Refresh Frequency.
2. PASR current is only characterized without CLK toggling.
3. lem current is only guaranteed after 150ms into Low Power Mode.
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6.8 ISB and ILPM Partial Array Refresh Current-3.3V
Table 35. Typical-mean PASR Current @ 25°C
PASR Ise-typical mean ILpm-typical mean Unit
Full 200 80 MA
12 190 68 MA
1/4 180 62 MA
1/8 170 60 MA
Table 36. Typical-mean PASR Current @ 85°C
PASR Ise-typical mean ILem-typical mean Unit
Full 420 320 MA
12 370 224 MA
1/4 340 196 MA
1/8 320 128 MA
Note:
1. Current at 25°C is only attainable by enabling 0.5x Refresh Frequency.
2. PASR current is only characterized without CLK toggling.
3. Iem current is only guaranteed after 150ms into Low Power Mode.
6.9 AC Characteristics
Table 37. AC parameters
Symbol | Parameter Min Max Unit
CLK period (166MHz) 6 ns
tCLK CLK period (200MHz) 5 ns
CLK period (266MHz) 3.75 ns
tCHACL | CLK high/low width 0.45 0.55 tCLK
CS# HIGH between subsequent burst operations (166MHz) 18 ns
tCPH CS# HIGH between subsequent burst operations (200MHz) 24 ns
CS# HIGH between subsequent burst operations (266MHz) 27 ns
CS# low pulse width (-40°C to 85°C) 4 gs
tCSM CS# low pulse width (-40°C to 105°C) gs
CS# low pulse width (minimum = 3 clock) 3 tCLK
(cSP CS# setup time to CLK rising edge (166/200MHz) ns
CS# setup time to CLK rising edge (266MHz) 1.8 ns
{CHD CS# hold time from CLK falling edge (166/200MHz) 2 ns
CS# hold time from CLK falling edge (266MHz) 1.8 ns
Setup time to active CLK edge (166MHz) 0.6 ns
tSP Setup time to active CLK edge (200MHz) 0.5 ns
Setup time to active CLK edge (266MHz) 0.4 ns
Hold time from active CLK edge (166MHz) 0.6 ns
tHD Hold time from active CLK edge (200MHz) 0.5 ns
Hold time from active CLK edge (266MHz) 0.4 ns
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Symbol | Parameter Min Max Unit
tHZ Chip disable to DQ/DQS output high-Z 5 ns
tDSV Data Strobe Valid (166MHz) 12 ns
(1.8V) Data Strobe Valid (200/266MHz) 5 ns
tDSV Data Strobe Valid (166MHz) 12 ns
(3.3V) Data Strobe Valid (200MHz) 6.5 ns
tRBXwait | Row boundary crossing wait time 30 65 ns
{RC Write Cycle 60 ns
Read Cycle 60 ns
tRFC Refresh cycle time with manual refresh enabled 45 ns
{REFW Refresh window (-40°C to 85°C) 4 ms
Refresh window (-40°C to 105°C) 1 ms
tLPI Minimum low power mode duration 100 us
tXLP Low power mode exit CS# low to CLK setup time 100 Ve
tXPLP Low power mode exit CS# low pulse width 60 500 ns
tDPD Minimum deep power down duration 500 us
tDPDp Minimum period between DPD 500 us
tXDPD DPD exit CS# low to CLK setup time 150 Ve
tXPDPD | DPD exit CS# low to CLK pulse width 60 ns
tPU Device initialization 150 us
tRP RESET# low pulse width 1000 ns
tRST Reset to command valid 2000 ns
tCQLz CLK rising edge to DQS low 1 ns
tDQSCK | DQS output access time from CLK 1 ns
DQS-DQ skew (166MHz) -0.5 0.5 ns
tDQSQ DQS-DQ skew (200MHz) -04 0.4 ns
DQS-DQ skew (266MHz) -0.3 0.3 ns
DQ and DM input setup time (166MHz) 0.6 ns
tDS DQ and DM input setup time (200MHz) 0.5 ns
DQ and DM input setup time (266MHz) 0.4 ns
DQ and DM input hold time (166MHz) 0.6 ns
tDH DQ and DM input hold time (200MHz) 0.5 ns
DQ and DM input hold time (266MHz) 0.4 ns
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Version No Description Page Date
1.0 Initial release - 2025/5/7
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XCMEMTY GSR7W28xM

Important Notice

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

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

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

document.
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