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SP1/QPI PSRAM

Specifications

¢ Single Supply Voltage

o + .,
¢ Interface- " C
*  Performance- .* $/ &
o 01 21 3 2&
) + 4" 5
o 6 01 21 3 2&
) + 4* 5
o 7 01 % 2& "%

e Organization- 87 978
e Addressable Bit Range- : - ;
e  Page Size- 8!

¢ Refresh- * % #

¢ Operating Temperature Range-

o <$+ = 47>=_7 % %t 0

o <$+ =. 4 >=.790 %
¢ Maximum Standby Current

o >A D) >=.

o >A D) 7>

o A D) >

Y%# @

Features

50Q) Output Drive Strength LVCMOS

Linear Burst?$ % "%& & § 32 Bytes Wrapped
Burst " ## $ %

Linear Burst" & & 7 01 % $%
$ # 8&n 1 * W# B "
Software reset
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2 Introduction

<& s & % CC WS &% %S
o2 et W $§ W& " th $
o1 < % &7t g Dor %S/ H TS Kh &S %
s : &8 C C % (s g s "% S
Con# $ W 0" % CE &
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3 Package Information
< " "8 % % $/ # W& "W 7* C77>0 %
$/ # "w$& w7+ DCE7 9

3.1 Package Types : SOP / USON (SN, ZR), not to scale, Top view

SOP / USON
(SN, ZP, ZR)
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! # $ u# & %t $'% "% ¢ &% 'S
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4 Package Outline Drawing

4.1 SOP-8L(150), package code SN

GAUGE FLANE

o [
\

WITH PLATING \ Bl

R Z

L

SECTION A—A"

REFER T0 JEDOEC STD: M3-D12 AA,

\—EASE METAL

2, DINEWSION -0 DOES NOT INCLUDE MOLD FLASH, PROTROSION OF GATE

EURRS, MOLD FLASH, FROTRUSION AND GATE BURRS SHALL NOT EXCEED

0,15m FER SIIE,

DIMENEION "E1" DOES NOT INCLUDE INTERLEAD MOLD PLASH OR FROTRUSION,

INTERELEAD NOLD FLASH OR PROTRUSION SHALL NOT EXCEED 0, 25mm

‘D" AND 'E1' DIMENSIONS ARE DETEFMIND AT DATIMN B
DIMENSION "b" DOES ROT INCLUDE DAMEAR FROTRUSION,

(|

ALLONABLE DMMEAR FROTROSION SHALL EE 0,10mm TOTAL IN EXCESS OF THE

4
——ID ——
[ 3
| L
il 1]
SEATING PLANE / A [¥[s] =
DIMENSION DIMENSION
SYMEOL () (MIL)
MIN, NOM, MAX, MIN, NOM, MAX,
A 1.35 1.60 1.75 53 82 o
Al 0.10 0.15 0.25 4 g 10
Az 1.35 1.45 1.55 53 57 81
b 0,31 - 0,51 12 - 20
bl 0.28 0,40 0.48 11 16 19
c 0.17 - 0.25 7 - 10
cl 0.17 0,20 0,23 7 8 9
D 4,80 4,80 5.00 120 193 107 NOTE
E .00 BSC 235 BSC 1
El 3.80 | 2,90 | 4.00 150 | 154 | 157
1.27 BSC 50 BSC
L 0.40 | 0,66 | 1.27 16 | 26 | 50
L1 1.05 REF 41 REF
i) 0,55 REF 22 REF FER SIIE,
h 0.25 0,28 0.50 10 15 20
- - 0.10 - - 4 2.
8 0" - & 0° - g8°
a1 0° - - 0° - -

't" DIMENSION AT MAXINDM MATERIAL CONDITION,

THE DAMEAR. CANNOT BE LOCATED 0N THE LONER RADIUS OF THE BOOT,
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4.2 USON-8L 3x2mm, package code ZR

[ Jos]e
D
Din o
0.15x45° B
| — !—Pinl Index
3 l:l 1 O
L]
T
m 1 m —
L]
1
sy | @ —lois|c :
—ljl. DI DETAIL B
Bottom View Top View
DETAIL A
0.10[C
S
o) =
SEATING PL\@_/
Side View
MILLIMETERS
Symbel - T NOM.| MAX.
A 0.40 | 045 | 0.50
Al 000 | — | 003
4 [0.1000|c|A [B] D 290 | 3.00 | 3.10
=005 |C DI 0.10 | 020 | 030
- | E 190 | 2.00 | 2.10
I:l E{ El 150 | 160 | 1.70
| n L 040 | 045 | 0.50
I Ll 030 | — | —
_ T3 L2 — | — Jo1s
< L b 020 | 025 | 030
DETAIL A DETAIL B e 0.50 BSC
NOTE:
1. Scale 1:4
2. ALL DIMENSIONS AND TOLERANCES TAKE REFERANCE TO JEDEC MO-229
3. DIMENSION "b" APPLIES TO METALLIZED TERMINAL AND IS MEASURED BETWEEN
0.15MM AND 0.30MM FROM THE TERMINAL TIP. IF THE TERMINAL HAS OPTIONAL
RADIUS ON THE OTHER END OF THE TERMINAL, THE DIMENSION B SHOULD NOT BE
MEASURED IN THAT RADIUS AREA.
! (L §'s
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5 Ordering Information

Table 1: Ordering Information

Part Number Temperature Range Max Frequency Note

F <$+ >z 47>=. o1l D CE7Y

E <$+ = 47>=. o1l c 7

J E <$+ =, 4 >=. o1l c 7
E I- 01 21 3 2& ) + 4" 5
6 O1 21 3 2& " % + 4" 5
7 01 %o 2& " 237 (8 &% '$ "W

7 J !
S Package Type
Die Gen. ‘ 2" /- HK
. Temperature grade
IO-C;nflg. 2t /- & "o
. - 0
S: Sync 7-97 J- 9 %
-9 "9 Die Option
Density - 2]
PSRAM > - > E-% % 2J
-7 Interface
"o 9 lg
AP Memory ) vCcC

28 W/- 7
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6 Signal Table
*% "#% * *1 “%< 8*

Table 2: Signals Table

Symbol Type SPI Mode Function | QPI Mode Function Comments
( - &
K &% . & *1# &%
.BL % & S8 8 (3 %BLY S % % 8!
. H % & 2SS %
*C::| C " & c: C:;
C' C:; "*C& & c: ;! C:;
cC:;| C c: ! C: :
C:;| C c: ;! C:;
E I &

7 Power-Up Initialization

v &$ ||%$*& % % $ n % # % & % ||%|| [ *ul n % $ 3 %

$ 8* % % 8 u%n & ||$ (n** G&u > M % & " & B B< C [ %
? $ [ % @ $ % n % n%u n *ul [ % $ N 8 #u%%u%# ( %
> M " . H & % C3 .BL &* " OKO? $/ ¢ "% g% =-C"C:-;

& % C3

> M " n$ " ! % * n %
VDDmin
VDD P tPU = 150us | Device . R

. g . . ] 7 . . 7
Device Initialization Reset Device ready for normal operation

CE#

Figure 1. Power-Up Initialization Timing
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8 Interface Description
8.1 Address Space
) "$ " 8! 8 "$ " ¢ -y
8.2 Page Size
# 'L " H?. 6- 50 & 8& NHE" % 2&  "U# $ # 8&% ' $ %"%& &
% E C 88 "% (' $ # 8 8&% ! ¢ 9'% & $ $/  G& U$!
7 0L % "$%$ #8& ! % " %! "% 8& C "% T $% * 8 C
[P 3 28% < $ % % " % #* $ # 8¢&» 1'% "
$%HE "%
8.3 Drive Strength
< $  C & "%>0
8.4 Power-on Status
< '$ C &% G .BL "# 8 8 #%%'%# %! "%
8.5 Command/Address Latching Truth Table
< T8 #u'l o C%# $ % $" 8! & &
SPI Mode (QE=0) QPI Mode (QE=1)
Command Code |Cmd [Addr| Wait Cycle |DIO |Max Freq.|Cmd |Addr|Wait Cycle |DIO |Max Freq.
! E’
N | 2 7 71
N & | B2 71 71
3" 0 71 71
& 3" |7 71 0
B & B E
BY" & | N> E'
B% 8 0
| 66
3 2& <& (.
) 6N E*
/- + "*C +& C
E  I:MaxFreq. ( & 8 01 + 4 5 % 6 01 + 4" 5i&% 3
" % Max Freq. ( & 8 7 01&% % o2& "%t $" %6 3 % "%

2& "%
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8.6 Command Termination

H R3" & 8¢ ¢ 8! "'"%# .BL "# " oA C "% "%
$" 8 % % ' "% % 8! E o (8 S %t "% % $&

1 ™8
CLK W I /WriteTeminated

CE# - '*‘

/ Donit Care

Figure 2: Write Command Termination

N 169 $ $Hr $ X " g " v g %
*u# BL O * " 2.0 S . HA.H & "$" % € ¢

Read Teminated
CLK 4 i

CE# l— ‘C|HD—>7L‘ %ZZZ
\ ‘ACLK»: \ — (H7 --—
SO/SIOf] )@( W High 7—

—— Data Out

Y

/ Donit Care Undefined

Figure 3: Read Command Termination
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9 Wrap Boundary Toggle Operation

< 3 28% '<# C "% (C$ 7 ge&n '8 C %% 2& ('S
$ H # 8&% 17. 6 % 3 7. : - ;081 & W' % 2&

w28 ( s 8& & # 8&% 1 # 8&% 1$  WH" %S

1§ % * o *(C  9.H c&u$! 7 Ol

r<—— Wrap Boundary Toggle (hC0) —»|

Donit Care m Undefined

Figure 4: SPI Wrap Boundary Toggle 'hC0

sio0] ///¥c) o

WB Toggle(thCO0)

m Donit Care

Figure 5: QPI Wrap Boundary Toggle ‘hC0

Table 3: Wrapped Length:

Default CMDs (‘h03,’h0B, hEB,‘h02,’h38)
Wrapped Length Page Boundary Crossing enabled Page Boundary Crossing disabled
% 8& "% HS # 8 &%h ! 3 H
3 3 3
! # $ & % % "% ¢ &%
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10 SPI Mode Operations

< "$ C &% 8! & 8& $% * 8 (C$ "%
10.1 SPI Read Operations
Noo# (Gl T " # L H
$%8 % "% (' ¢ % 2 21 3 28 -
boo- v 'C ot G& US!
V2= ", " 'C G& %$!
Il B2- " *. & 'C G& %$!
Q 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 S
| [ ot | atacik
CE# | l % ‘
s 77ko 0 0 o o oft tymfafaf Yz )}
so ) . GG G G
r———Read Command (th03) ————»re«——— 24bit Address Data Out 1 ——————»=~«——Data Out 2

Donit Care

Figure 6: SPI Read ‘h03 (max freq 33MHz)

W Undefined

SO

_&

M

|
|
|
|
|

Slm[dl o 0o of1\o/1 130)V 7
‘

[-+— Fast Read Command (ih0B) —

)

f<—— 24bit Address

7 efs a3 2 1)of7)e])5)
Wait Cycles Data Out 1 Data Out 2
Donit Care m Undefined
Figure 7: SPI Fast Read ‘h0B (max freq 133 MHz)
! H# $ % & % &% '$
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o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

CLK
[} [}
I I
CE#  \ | |
| | \
I I
SIIS100 1 1 1\o/1\of1 1¥20Ywy2Ys)a)o HighZ 4)o
//f .
I I
S0/sIoL m& Highz 217 Yo V5 V1 HighZ 51
I I I
I I I
SI02 @ High 2 18Y1a)10) 62 HighZ sf2f6)2)
I I I
SI03 ) HighZ N A HighZ 73
r<—— Fast Quad Read Cmd (ihEB) ———»~~«———— 24bit Address Wait Cycles (=& Dout1 »~~& Dout2 =

Donit Care m Undefined

Figure 8: SPI Fast Quad Read ‘hEB (max freq 133 MHz)
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10.2 SPI Write Operations
(G % $%8 " & U v 7

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

| |
| | |
CE# | | % |
I | I
| |
s ZZko 0 0 o o o\ ofmfEla e

7)o s N

. ] (
S0 KRNk S )

r———Write Command (fh02) —————s=-———24bit Address Dataln1l —————

Donit Care
Figure 9: SPI Write ‘h02

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

r<+—— Data In 2

m Undefined

20 21

CLK

CE# |

! |
Sl/Sloom(b of1 1 1l0 o 00(_4’1_)(0%“1)(03

|
.

S0/SI01 High-Z 20017113 9 )5 ) 1
T |
I I
5102 QOCLR) Highz 2 uY0Ys )2
I |
5103 )

High-Z 23)19)15)11) 7 } 3

r<——— Quad Write Cmd (ih38) ————»=re——— 24bit Address —<¢ Dinl #= Din2 -« Din3 #-¢ Din4 =

Donit Care m Undefined

Figure 10: SPI Quad Write ‘h38
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10.3 SPI Quad Mode Enable Operation
<"$ % C$ $ % G& C

~+—— Enter Quad Mode Cmd ({h35) —

Donit Care m Undefined

Figure 11: Quad Mode Enable ‘h35 (available only in SPI mode)

10.4 SPI Read ID Operation

< " $ % " " g N 8& (|I & ( n $!$* % |I$ & & B *& |I%
0 7 2 8 4 5 6 7 8 9 w8 H BT BN B AL KT BN 2B UL B Y
CLK
| ,
6‘5#‘_\ gg _—T_MM
sSFNe of 717 1 Y 7,

s0 ST <)() Mo s 2 o 2 7 2

[ Read ID(h9F) 24bit Adaless MF 1D (hoD)-

48 49 S0 51 52 83 54 &5 s 57 88 59 60 61 62 63 64 65 66 67 68 69 W VI 2 T3 A T T B9 & 8 & 00 101 102 103

ax
o {
5 A
0 0[7\0 g ¢

EIH7:45)
(aensiyy)

Don'tCare B vnaemas

Figure 12: SPI Read ID ‘h9F (available only in SPI mode)

Table 4: Known Good Die (KGD)

KGD[7:0] Known Good Die
8 v N
8 \%
IE - & " N % %! / ki
> ! 4 S W & %' $'S W C &% S
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11 QPI Mode Operations

11.1 QPI Read Operation

N (#8 "8 L H "o # . H
$%8 % W% (! C % 28 21 3 2 -
;2o & . & "C ot ( G& uS!
IB2- & . & 'C G& %S!

0 1 2 3 4 5 6 7 8 9 10 11 12 138 14 15 16
CLK

I
I
CE#  \
T
I
|

SIO[3:0] Ag 0 X B L320f10:16)15: 8) 74 | 30T High-Z: \
<‘Cmd ><; 24bit Address —><— Wait Cycles —| ~&Doutl »

r=¢Dout2 »
Fast Read (ih0B)

m Donit Care @ Undefined

Figure 13: QPI Fast Read ‘h0OB (max freq 66 MHz)

o 1 2 3 4 5 6 7 8 9 10 11 12 138 14 15 16 17 18
CLK

I
I
CE#  \ |
T
I
l

SIO[3:.0] Af E X B sofi0a6f1512( 118} 7:4 | 30 High-Z \ 74130

< Cmd »—— 24bit Address
Fast Quad Read (ihEB)

Wait Cycles r=¢Dout1 »~Dout2 =

Donit Care m Undefined

Figure 14: QPI Fast Quad Read ‘hEB (max freq 133 MHz)
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11.2 QPI Write Operation(s)
s % $%8 " & U v 7

sio3:0] //A

(< Cmd »~——— 24bjt Address ——»={<¢ Dinl #-¢ Din2 =

QPI Write (ih02 or ¢h38)
Donit Care

Figure 15: QPI Write ‘h02 or ‘h38

11.3 QPI Quad Mode Exit operation
<"$ (v (S 5 8%/% '*C

0 1

CLK ‘
CE# U
sioz0] ///% ; [s¥

(< Cmd »|
QuadMode Exit (ihF5)

Donit Care

Figure 16: Quad Mode Exit ‘hF5 (only available in QPI mode)




E€ apmemory

12 Reset Operation
< Th & oot & S % % 81 s’
y & C & < "% % " C$ % - B% 8 7 <BE§ %

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

r-—— Reset Enable Cmd (1h66) Reset Cmd (th99) —————»=|

Donit Care m Undefined

Figure 17: SPI Reset

0 1 2 3

@\

sowol 77 A T

= Cmd = =+ Cmd |
RSTEN (h66)  RST (ih99)

Donit Care

Figure 18: QPI Reset

$ o ' ORI ¢ B% 8 $ % % v/
$ wW$ o o $ % B% 8 $ N GEX '$
9" BY% 8* % 8% % "o
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13 Input/Output Timing

—(CH—t—CL— LK | [
) I |
—»| ICSP a— ‘ ‘ 'CHD™
‘ {F—tcem / 7
CE# NI = 1111 /NN
CPH
‘u—lHD—>

s j [/ ST Y

ISP lea—

SO M ()S High-Z
Donit Care m Undefined

Figure 19: Input Timing

*———(ClK————»—ICH—»—IC|—>

cLK wm

l
|
CE# 1 %
T
- tACLK-#] : tHZ

S| ADDRLSBin W /%/

- KOH

Hith—W{ MSE ot § )m LsBout YOO
Donit Care m Undefined

Figure 20: Output Timing

SO
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14 Electrical Specifications:

14.1 Absolute Maximum Ratings

Table 5: Absolute Maximum Ratings

%18 * 9%
YHEOn% & o+ 4
# < & <« > 4 > -,
E - # & $ & $ & % $% "
E - &WH Ot # %""% * "% ! > .4 > & %
- & %
B9 "W# "$ 8 * ‘h 8 *& 9" & Nt $ & $ & % % #
< "% % 8 &% $%""% & " o $'8 "% "%t $" %
" ' "% B9 & 8 % 9" & S %" % 9 % ! ! $ '$
LA L |

14.2 Pin Capacitance

Table 6: Package Pin Capacitance

% n% $u %$
C& & ". $ %u$ .CD< 7 N CD<+
E - § >z,

Table 7: Load Capacitance

$ u$ . > N
E -1 . & $/ #
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14.3 Decoupling Capacitor Requirement

"G4 $ &g ¢ % "% C (C$"™# % %% %" % %
* (B MN $ $$ "8 % < 1 "E% &S %S+ $ $ $ "
|8 % "%t MNS Y% & " # G& %$! %" % %
—» VDD |—
— > 1C0=100nF  [Cl=1yF
<|anpa vss L
14.4 Operating Conditions
Table 8: Operating Characteristics
Parameter Min Max Unit Notes
C Yot < & 79 % > =,
C "ot < & 7 % ? >1f 7> =, IDCE $/ # F
E $1 Optt >>." %S 0§ 1P $%""%(*8 >z,
! # $ & %' &%
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14.5 DC Characteristics
Table 9: DC Characteristics

Symbol Parameter Min Max Unit | Notes
& 1 # ,
0 % & " O * # 4
%e&*(C *#
co C& & "# * # ?cot 0 7
c C& &*(C * # 7cH4 0
% &* /# $& U u
c C& &* /# $& % Il
. ‘3" ,
2p3< % 81%& % ?29 % g > M
2« % 81%& % ? % i U
2« % 81%& % ? % 0 Il
E -C& &Y & %% "
2. Typical Icc 5.5mA at 133MHz
% 81%& % " & C %-.H""% .*(
4. Typical I1SBstproom 100uA
# $
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14.6 AC Characteristics
Table 10: READ/WRITE Timing

ry

Symbol | Parameter Min | Max Unit Notes
.H " YU 01
.H " V20 > 01
.H " * "% HK , > o1!
H .H " ** "% HK 6 , % 6 o1
.H " * "% 7 o1
.0". 28 CC >> | . H? "%
HOH .H" L > %
.0 .BLOKO8 ( % &8 G& % 8& 7 %
"%
.B BLY C & A B9 % #
7 % #
. .BL & " .H "% # HK > %
.0 BL * " .H "% # HK %
& " $" . H # %
0 ox* " $" . H # %
OF P < & & # F > > %
. H . H & & 1 > > %
HCO £ $$/ % # > %
< < 8 (C %% <. % 9 N %
E SCut % 28 (. # 88&%w 1§ W# N G& %$!* "
01? HK + 4 50 6 017 HK + 4 59 9 3 21 %
7 01 o2& $ % $ # 8 &n !
! 9. >N & $/ #
-N o G& W$' S7 01" M § % &"™1 . H ™u# #
¥ 40 0ot §* $/ % &Y%"# ? B B.WB 7 2>
% 9 *0
& 5 75
! # $ &%
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15 Change Log

Version Date Description
l&* , %"k "%
gy > , ! $/ # 8 % "ot "% "%
. $ $/ # $ P ! 9. & $/ # R ¢ -H
&t , % 0
, 2
B% 8* I 2 & PS Y vt 9 8 *& YHEO"W % %
> C$ , "V.o9P "% .B " % & # PS$ 8 !
DCE $/ #F
E , " $ ..R 2
, 6 7 ! L 2I< &
7 W% , 6 3CE % & Cc D CE <
5 S 5 D N'#& <8, % <8 6F 8 W o #H& $" %
7> % P $" %
C$ 6 |D # % <8
c$ > 6 ! ' # % P& <8 N#& , % N#& 7
E 6 |D <8 N#& % N# >
"1 0 $" "% <8
' % s &%




