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2 Introduction

This document defines “64Mbit IoT RAM”, which is 64 Mbit of SPI/QPI(serial/quad parallel
interface) Pseudo-SRAM device. This RAM is configurable as 1 bit Input and Output separate
or 4 bit I/0 common interface.

The Linear Burst can cross page boundary within tCEM(max.) . 32 bytes wrap burst mode is
also available. The linear and wrap burst mode is selectable by "Burst mode toggle
command”.

This device also has Pseudo-SRAM features. All of necessary Refresh operation is taken care
by device itself.

loT RAM specification is standardized and loT RAM technology is provided oy AP Memory
Technology. IPUS IoT RAM product is fully compliant with this loT RAM specification.

3 Package Information
The IPS6404L-SQ is available in standard package in 8<lead.SOP-8 (150mil)

SOP 8(150mil)'pin order

HCE[ | 1 8| | vbD
SO/sIo[1] [ |2 7 [ ] siof]
sIo2k '\ 3 6 [ | SCLK

uss[ | 4 5 | ] si/sloo]
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4 Package Dimension SOPS8 (150mil)
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w w -4 -—-——————— SRR RS PN N (T P—
/'.L'\ 1
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unit : mm (except O)

Symbol Min Max
A 1.35 1.75
Al 0.10 0.25
b 0.33 0.51
c 0.15 0.25
4.75 5.05
El 3.80 4.00
E 5.80 6.20
e 1.27(TYP.)

L 0.40 0.80

(0] 0o 8o
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5 Ordering Information

Table 1 : Ordering information

Ordering Operational Maximum Temperature Minimum
Part number Voltage Frequency Range Order Quantity
IPS6404L-SQ-SPN | 2.70V ~ 3.60V 104Mhz -25°Cto AKunits
IPS6404L-SQL-SPN | 1.62V ~ 1.98V 133Mhz +85°C

6 Signal description

Table 2 : Signal description

Symbol Signal Type SPI Mode QPI Mode

VDD Power Core Power Supply

VSS Ground Core Supply-Greund

CE# Input Chip se!ect signal, Actiye Loyv. When CE# input is

High, memory|will‘be in Standby state

CLK Input ClockSignal
SI/SI10[0] I/O Serial InpGt 1/0[0]
SO/SIO[1] I/O Serial Odtput 1/0[1]
SI0[3:2] I/0 (/O[3:2]*) 1/0[3:2]

*: Fast read Quad access ahd Quad Write access in SPI Mode use SIO[3:2].
Recommend to pulleldown'to GND if no use of SIO[3:2] in SPI mode.
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7 Power up initialization

SPI/QPI products include an on-chip voltage sensor used to start the
self-initialization process. When VDD reaches a stable level at or above minimum VDD,
the device will require 150us to complete its self-initialization process. From the
beginning of power ramp to the end of the 150us period, CLK should remain LOW, CE#
shouldremain HIGH (track VDD within 200mV) and SI/SO/SIO[3:0] should remain LOW.

After the 150us period the device requires initialization command sequence as
it's shown in Figure 2, and then the device is ready for normal operation.

VDDmin \

VDD <
< — > > >
Device Initialization “Reset *| peyicelis ready for normal operation

tPU > 150us Device

N

CE#

* Please refer Figure 2 for devicereset commands

Figure 1: Power-Up\Initialization Timing

tCPH

s\ 17 X []

SI/SI0[0] Xm / \ / \ @(MW \ / \ [ \q
(Input) o0/1 1\0 O0/1 1 \O 1 \0 0 /1

1 \0 0 /1
SO/SIO3: M1 Xm\k— (0xa6) memk— (0x99) 4>|I<X
(input) 0 0

Figure 2 : Reset command sequence for Device Initialization

IPUS Limited Data Sheet DS’SQ64-011 Jul. 12th 2018 7 Of 22 IPUS Limited reserves the right to change products and/or specifications without notice
! © IPUS Limited 2015-2018



Data Sheet _
3 IPUS Limited 64Mbit loT RAM

Intelligent Products for ‘United Societies IPS6404 L_SQ SP|/QP| PSRAM

8 Interface Description

8.1 Address Space
SP1/QPI PSRAM device is byte—-addressable. 64M device is addressed with A[22:0].

8.2 Page Length

The page size is 1K Bytes. Read and write operations are always linear address
space. The Linear Burst can cross page boundary under following conditions.

e Operative Clock frequency < 84Mhz
e CE# low pulse width < tCEM(max.)

The wrap 32 burst mode can be set by “Burst mode toggle commend®
optionally. There is no page boundary crossing function supported ocniwrap
32 burst mode.

8.3 Drive Strength

The device powers up in 50Q.

8.4 Power-on Status
The device powers up in SPI Mode.

It is required to have CE# high before beginning any operations.
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8.5 Command/Address Latching Truth
The device recognizes the following commands specified by the various input methods

SPI Mode QPI Mode
Command Code |Cmd Addr Wait DIO| Max Freq. |Cmd|Addr Wait DIO | Max Freq.
Cycle Cycle
Read 0x03 | S S 0 S 33 N.A.
Fast Read 0x0B | S S 8 S |*84/133(104) N.A.
Fast Read Quad OxEB | S Q 6 Q |*84/133(104)] Q | Q 6 Q |*84/133(104)
Write 0x02 | S S 0 S [*84/133(104)] Q | Q 0 Q |*84/133(104
Quad Write 0x38 | S | Q 0 Q |*84/133(104) same as 0x02
Enter Quad Mode |0x35 | S - - - 133(104) N.A.
Exit Quad Mode OxF5 N.A. Q - 5 - 133(104)
Reset Enable 0x66 | S - - - 133(104) Q| - . - 133(104)
Reset 0x99 | S - - - 133(104) Q - u - 133(104)
Burst mode toggle |OxCO | S - - - 133(104) QA - - | 133(104)
Read ID Ox9F | S S 0 S 133(104) N/A

Remark: S = Serial 10, Q =Quad 10, 133(104) = 133Mhz@®-1+.8V and 104Mhz @ 3.3V

*Note: 84Mhz is maximum operative clock frequency allows.te across the page boundary access.
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8.6 Command termination

All Reads & Writes must be completed by raising CE# LOW to HIGH immediately
afterwards in order to terminate the active command and set the device in to standby.

Not doing so will block internal refresh operations and leads to memory failure.

Command termination operation is necessary not only for Reads & Write operation and
also any command operation, such as Enter Quad mode command and Reset commands.

CLK -| I . Write Terminated

CE# E@% CM
ssios:0] //f %t <_ f//////////

Don’t Care

Figure 3 : Write Command Termination

For a memory controller to correctly lateh the last piece of the data to read termination, it is
recommended to provide a longer CGE# hold time (tCHD > tACLK+ tCLK) for a sufficient data window.

Read Terminated
CLK }\ ] -

T
l | t
CE# : : CHD‘% \;:::::j
l i tACﬁ»i —>t; [—
SI/SIO[3:0] ]@( m | High-z —
Data Out >

/ Don’t Care M Undefined

Figure 4 : Read Command Termination
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9 Linear and Wrap “Burst mode toggle command” operation

The device allows linear burst operation to burst through page boundary (Page boundary is
1Kbyte page size) within tCEM(Max.). In this linear mode, the memory page boundary
becomes invisible to the memory controller and runs maximum CLK frequency up to 84Mhz.
Default setting is Linear Burst mode.

The 32 Bytes Wrap burst mode is also available for a certain application.

This Burst mode toggle command switches the device’s burst mode operation between Linear
burst mode and Wrap burst mode.

<€— Burst Mode toggle Command (0xCO) —>

// Don’t Care)%%( Undefined

Figure 54 SPI Burst Mode toggle command “OxC0”

0 1

CLK
e\ [

si0(3:0) //{ j//

Burst Mode toggle
(0xCO0)

/ Don’t Care

Figure 6 : QPI Burst Mode toggle command “0xC0”
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10 SPI Mode Operations
The device powers up into SPI mode by default but can also be switched into QPI mode.

10.1 SPI Read Operations

For all reads, data will be available tacwk after the falling edge of CLK.

SPI Reads can be done in three ways:

1. 0x03: Serial CMD, Serial 10, slow frequency
2. 0xO0B: Serial CMD, Serial 10, fast frequency
3. OxEB: Serial CMD, Quad 10, fast frequency

o 1 2 3 4 5 6 7 8 9 10 29 30 31 32 33 34 35 36 37438 39 40 41 42 43

—p! 4—tACLK

| S

i : I

st 77ké o o o o ofv XX\ WA
High- ; llll Y s Vs Va3 2)1 0-4

1
|€—— Read Command (0x03) —>»|€—— 24bit address < Data Out 1 ———>€— DataOut 2

m Don’t Care m Undefined

3
=
=

Y

Figure.7<_SPI Read 0x03 (max frequency @ 33MHz)

0 1 2 3 4 5 (6 W7»8 9 10 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51

CLK I \

cer T\ . )

: 1l :
st 77) Ve e 22T
SN ' e

[ €—— Read Command (0x0B) —>(€—— 24pit address ———>1€——— Wait Cycles ———>»| |€——— DataOutl ——>€— DataOut2

Don’t Care m Undefined

Figure 8 : SPI Read 0x0B (max frequency @ *104/133MHz) *84Mhz for Page Boundary Crossing

P
o
S
o
=
o
=
=

vz L [
" I

=
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CLK

CE# _\i
1 o/ o[+ n. ) )]

S1/SI100 m ﬂ
S — . n. InE
!
502 JGy———— - R N b
! !
R 1 — ) 0 £ £ 3 nT
[€—— Fast Quad Read Command (0OxEB) ——>€———— 24bit address ————>€——— Wait Cycles ———> € Dout1 —»1€ Dout2 >

Don’t Care @ Undefined

Figure 9 : SPI Fast Quad Read OxEB (max frequency @ *104/133MHz) *84Mhz for Page Boundary Crossing
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10.2 SPI Write Operations

o 1 2 3 4 5 6 7 8 9 10 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

CLK I | (

CE# 1\ |

o /1) o- e G

T
YU P,
o

Sl 7/
SO mg High-Z {—
««—— Write Command (0x02) —>f«——— 24bit address >l Datalnl ——————>»«—— DatalIn2

Don’t Care Undefined

Figure 10 : SPI Write 0x02(max frequency @ *104/133MHz) *84Mhzfor Rage Boundary Crossing

o
[
N
w
IS
v
(<]
~
oo
o
=
s
=
(%)
=
(2]
=
~N
=
0o
=
(Y]
N
o
N
[

10 11 12¢ 13

CLK

1
L N —
o
=
-
=
o
o
o
|

CE#

,.\
JEDURE G R S

—

o

!

Eo

°

=

a0 7] 3
ssor il o —— S R
sor R o InBnnanT
oo T—— vt 2 LR

:
y
A
v

[€—— Fast Quad Write Command (0x38) ——>»[€—— 24bit address ——>€ D IN1 —>1< D IN2 —>|

m Don’t Care m Undefined

Figure 11 : SPI Write 0x38(max frequency @ *104/133MHz) *84Mhz for Page Boundary Crossing
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10.3 SPI to QPI Mode Enable Operation

This command switches the device into QPI mode.

0O
%) =
N
o
-
-
o
-
o
-
S

SO m% High-z

[€— Enter Quad Mode Command (0x35) —>|

m Don't Care m Undefined

Figure 12 : Quad Mode Enable©0x35

10.4 SPI Read ID Operation

This command is similar to Fast Read, but without the‘wait cycles and the device outputs EID value
instead of data.

8 30 31 32 #33y,34, 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 102 103

!
A\ leBacik

g u

i | 1
s T \o o [T 5 5 5 R T
so T oz | OO DEEEEEEE o /e @)

1
EID[47:45
[€— Read ID Command (0x9F) ——>>€— 24bit —>| [€——— MF ID (0xOD) ———>1€——— KGD (0x5D) —> (devi[cetyp]e)

Don’t Care m Undefined

Figure 13 : SPI Read ID Ox9F (available only in SPI mode)

Table 3: Known Good Die (KGD)

KGD [7:0] Known Good Die Register
Ox5D Pass
0x55 Fail

*Note: Default value on this register is (0x55=fail). After the all tests passed then programed as (0x5D=
PASS) in manufacturing process.
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11 QPI Mode Operations
11. 1 QPI Read Operations

For Fast Quad read (OxEB) , data will be available tacik after the falling edge of CLK.

3;20X19:16X15:12X11:8X 7:4 x 3:0 High-Z K 7:4 X 3:0 7:4X 3:0
1 1

24bit address D€ Wait Cycles ——=—> <€ DOUT1 DOUT2 >

Fast Read
(OxEB)

/ Pon’t.Care )2%( Undefined

Figure 14 : QPI Fast Read OxEB (max frequency *104/133MHz) *84Mhz for Page Boundary Crossing
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11.2 QPI Write Operations

QP! write command can be input as 0x02 or 0x38. It does not matter Clock frequency.

24bit address

QPI Write
(0Ox02 or 0x38)

/ Don’t Care Undefined

Figure 15 : QPI Write'0x02.or 0x38
(max frequency *104/133MHz) ¥84Mhz for Page Boundary Crossing

11.3 QPI Quad Mode Exit Operation

This command will switch the device back into SPI mode.

CLK

CE# U
sosol 77K+ s Y]

Cmd
Quad Mode
Exit
(OxF5)

E

/ Don’t Care

Figure 16 : Quad Mode Exit OxF5 (Only available in QPI mode)
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12 Reset Operation

The Reset operation is used as a system (software) reset that puts the device in SPI standby mode
which is also the default mode after power up. This operation consists of two commands: Reset Enable
(RSTEN) and Reset (RST).

0 1 2 3 4 5 6 7 (8 9 10 11 12 13 14 15 16

CLK |
CE#

o e [T \e o T\ o f7]

SO m% High-Z

[€—— Reset Enable Command (0x66) —> [€—— Reset Command (0x99) — >

%

Lo o/ T\@] 1

R o ) N

/ DPon’t Care )e%( Undefined

Figure 17 :'SPl'Reset

CLK J_U M

sl 77 /Aﬁ j//

(0x66) (0x99)

/ Don’t Care

Figure 18 : QPI Reset

The Reset operation requires the Reset Enable command followed by the Reset command. Any
command other than the Reset command after the Reset Enable command will disable the Reset
Enable procedure.
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13 Input / Output Timing

:<—tCLK—>:
et —re—t — o
1 1 1 :
| 1 1 1 t /_
tCSP 4_ 1 1 | CHDI [
1

S
R
<
\i

CE# 2;;;;;?5

I

\

g M -
. |

so &

/111111 U

tCPH

XUIK__ssin XTI LTI

/ Don’t Care @ Undefined

Figure 20: Input Timing

- i ', 777,

/ Don’t Care )Z%( Undefined

Figure 21: Output Timing
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14 Electrical

Specifications:

14.1 Absolute Maximum Ratings

Table 4: Absolute Maximum Ratings

Parameter Symbol Rating Unit Notes
Voltage to any ball except VDD relative to VSS VT -0.3to VDD+0.3 Vv
. IPS6404L-SQ -0.2 to +4.10
Voltage on VDD supply relative to V Vv
& DD supply 55 IPS6404L-SQL bb -0.2to +2.45 \
Storage Temperature TSTG -55to +150 °C 1

Notes 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.

14.2 Pin Capacitance

Table 5: Package Pin Capacitance

Parameter Symbol Min Max Unit Notes
Output Pin Capacitance CouT 8 pF VOUT=0V. @ 25°C
Input Pin Capacitance CIN 6 pF VIN=0V. @ 25°C

14.3 Operating Conditions

Table 6: Operating Characteristics

Parameter Min Max Unit | Notes
Operating Temperature (standard) =25 85 °C
14.4 DC Characteristics
Table 7: DC Characteristics
Symbol Parameter Min Max Unit | Notes
- 2.70 3.60 V
vDD SupplyVoltage IPS6404L-5Q
IPS6404L-SQL 1.62 1.98 v
VIH mputhigh voltage VDD-0.4 VDD+0.2 Vv
VIL InputTow voltage -0.2 0.4 \Y
VOH Output high voltage (IOH=-0.2mA) 0.8VDD \Y
VOL Output low voltage (IOL=+0.2mA) 0.2VDD \Y
ILI Input leakage current 1 UA
ILO Outputleakage current 1 PA
ICC Read/Write IPS6404L-5Q 10 mA 1
IPS6404L-SQL
ISB Standby current IPS64041-5Q 250 HA 2,3
IPS6404L-SQL

Note  1:Output load current not included
2: Standby current is measured when CLK is in DC low state.
3:ISB (typ.) is 100pA at 25°C
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14.5 AC Characteristics
Table 8: READ/WRITE Timing

Symbol Parameter 3.3.V-104Mhz 1.8'V-133Mhz Unit Notes
Min Max Min Max
CLK period - SPI Read (0x03) 30.3 30.3
tew CLK period - all other operations 9.6 7.5 ns 1
tcn/teL | Clock high/low width 0.45 0.55 0.45 0.55 | tew
tkHkL | CLK rise or fall time 1.5 1.5 ns 3
CE# HIGH between subsequent burst
tepn operations 18.0 18.0 ns
tcem | CE#low pulse width 8 8 us
tcsp | CE# setup time to CLK rising edge 3 3 ns
tchp | CE# hold time from CLK rising edge 3 3 ns
tsp Setup time to active CLK edge 2.5 2.0 ns
tho Hold time from active CLK edge 2 2 ns
thz Chip disable to DQ output high-Z 7 6 ns 2
tacik | CLK to output delay 2 7 2 6 ns 2
tkon | Dataholdtime from clock falling edge 1.5 1.5 ns

Note 1: Only non-wrapped type bursts allow page houndary crossing. Frequency limits are
- 133 Mhz max (@ 1.8V),104Mhz'(@3.3V) without crossing page boundary
- 84Mhz max when thesburst,Commands cross page boundary
2: Cronp is 20pF.
3: Measured from 20% to 80% of VDD
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15 Version History

Version Date Notes
1.0 Dec. 18, 2017 Initial version
1.1 Jul. 12t, 2018 For better description
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