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1. GENERAL DESCRIPTION mEm

1.1. Introduction

Fx Premium microSD 7.0 card comes with 17-pin interface, designed to operate at PCle interface with a
maximum throughput (logical/ Idea performance) to 985MB/s (Gen3x1l Lane). It can alternate
communication protocol between the SD Express mode, SD mode and SPI mode. Backward compatible with

UHS-I hosts.

Fx Premium microSD 7.0 card is the first SD card implements PCle/NVMe.interface'and protocol. It is the
slimmest SSD like storage device with maximum speed of 985MB/s. It is‘designed for those applications
that need extreme high performance like burst mode photo  shooting, 8K 10K video recording, mobile
devices, VR/AR, drones, gaming application, data-intense wireless communication, mobile computing

devices, multi-channel loT devices and automotive storage:
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1.2.Product Overview

% Flash

m  3DTLC

% Capacity

m  128GB up to 256GB

% Support SD SPI mode

*  Non-Copyrights Protection Mechanism

% Card removal during read operation will never harm the content

»  Password Protection of cards (optional)
+» Designed for read intensive and write intensive cards
s Write Protect feature using mechanical switch

<+ Built-in write protection features (permanent and temporary) (SD mode only)

< Write Protect feature using mechanical switch (Full SD Card only)

% Operation voltage range:

= VDD1:2.7v~3.6V,VDD2: 1.70V~1.95V

< Temperature Range
= Operation: -25°C~ 85°C
. Storage: -40°C ~ 85°C

% RoHS Compliant

<+ Bus Speed Mode (use PCle Differential Interface Lines)

u PCle with Gen 3:x 1 Lan — Up to 985MB/s

m Gen3 x1 bus, two differential 1/0 (1 RX/ 1TX) of 8Gbps transfer for each direction

(~1.5% overhead due to 128/120 encoding)

< Bus Speed Mode (use 4 parallel data lines)

n UHS-I mode

>

YV V VY V

SDR12: SDR up to 25MHz, 1.8V signaling

SDR25: SDR up to 50MHz, 1.8V signaling

SDR50: 1.8V signaling, frequency up to 100MHz, up to 50 MB/sec

SDR104: 1.8V signaling, frequency up to 208MHz, up to 104 MB/sec

DDR50: 1.8V signaling, frequency up to 50MHz, sampled on both clock edges, up to 50

MB/sec
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2. PRODUCT SPECIFICATIONS

2.1.Performance

Table 2-1 Performance of microSD (Fx Premium)

c . Sequential (Burst Mode) Sequential (Sustained Mode)
apacity
Read (MB/s) Write (MB/s) Read (MB/s) Write (MB/s)
128GB 810 500 650 60
256GB 810 700 650 60
NOTES:

1. The performance is obtained from CrystalDiskMark

2. Samples are made of 3D TLC Flash.

3. Performance may vary from flash configuration and platform.

4. The PCle performance was measured by direct connecting to mother board reader

5. The Burst mode size is the 1/8 capacity.

2.2.Power
Table 2-2 Maximum Power Consumption of microSD (Fx Premium)
Capacity Read (mA) Write (mA) SR
(mA)
128GB 400 400 1
256GB 400 400 1
NOTES:

1. Power consumption may vary from flash configuration and platform.

2.3.MTBF

MTBF, an acronym for Mean Time Between Failures, is a measure of a device’s reliability. Its value represents
the average time between a repair and the next failure. The higher the MTBF value, the higher the reliability

of the device. The predicted result of FLEXXON’s SD Express Series SD is more than 3,000,000 hours.

2.4.Data Retention
e 10 years if > 90% life remaining (@25C)
e 1 yearif < 10% life remaining (@25C)
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3. ENVIRONMENTAL SPECIFICATIONS

Test Items Test Conditions
Storage Temperature -40°C~ 85°C
Operating Temperature -25°C~ 85°C
Storage Humidity 40°C, 93% RH
Operating Humidity 25°C, 95% RH
Shock 500G, Half Sin Pulse Duration 1ms
Vibration 80Hz ~ 2000Hz/20G, 20Hz ~ 80Hz/1.52mm, 3 axis/30min
Drop 150cm free fall, 6 face of each unit
Bending > 10N, Hold 1 min/5 times
Torque 0.15N-m or +/-2.5 deg, Hold 30 seconds/5 times
Salt Spray Concentration: 3% NaCl, Temperature: 35°C, 24hours
Water temperature: 25°C
Water depth: Thedowest point of unit is locating
Waterproof
1000mm below surface.
Storage for 30-mins
0.1 Gy of medium:energy radiation (70 keV to 140 keV,
X-Ray cumulative.dose per year) to both sides of the card
Storage for 30 mins
Durability 10,000 times
ESD Contact: +/- 4KV each item 25 times
Air: +/- 8KV 10 times
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4. ELECTRICAL SPECIFICATIONS

1 1 |
4.1.DC Characteristics
4.1.1.Bus Operation Conditions
Table 4-1 Threshold Level for High Voltage Range
Parameter Symbol Min. Max Unit Condition

Supply Voltage Voo 2.7 3.6

Output High Voltage Vo 0.75*Vpp low=-2mMA Vpp Min

Output Low Voltage Vou 0.125*Vpp Vv lor=2mAVpp Min

Input High Voltage Vin 0.625*Vpp Vpp+0.3 \Y

Input Low Voltage Vi Vss-0.3 0.25*Vpp \

Power Up Time 250 ms From OV to Vpp min

Table 4-2 Peak Voltage and Leakage Current

Parameter Symbol Min Max. Unit Remarks
Peak voltage on all lines -0.3 Vpp+0.3 \Y
All Inputs
Input Leakage Current -10 10 uA
All Outputs
Output Leakage Current =10 10 uA
Table 4-3 Threshold Level for 1.8V Signaling
Parameter Symbol Min. Max Unit Condition
Supply Voltage Voo 2.7 3.6 \Y
Regulator Voltage Vobio 1.7 1.95 Vv Generated by Vop
Output-High Voltage Von 14 - Vv lon=-2mA
Output Low Voltage Voo - 0.45 Vv loi=2mA
Input High Voltage Vin 1.27 2.00 \Y
Input Low Voltage Vi Vs-0.3 0.58 \Y
Table 4-4 Input Leakage Current for 1.8V Signaling
Parameter Symbol Min Max. Unit Remarks
Input Leakage Current -2 2 uA DAT3 pull-up is
disconnected.
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4.1.2.Bus Operation Conditions for PClIe

Table 4-5 Bus Operation Conditions of VDD3

Parameter Symbol Min Max. Unit Remarks
Supply Voltage Vob2 1.14 1.3 Vv -
Capacitance connected to Ce2 - 2 uF -
Vbb2
Host capacitance Chs 22 - uF -
recommended for Vpps
4.1.3.Bus Signal Line Load
E HDAT E RCMD RWF‘
Write Protect VS5 oy
oMo -
I;::TD-H
SD R T R i
“::":“* oo o
Hast o 12345678
—— | S0 Memary F:
Card
Bus Operation Conditions.— Signal Line’s Load
Total Bus Capacitance = Cyost + Cgus + N Ccarp
Parameter symbol Min | Max | Unit Remark
Pull<up resistance Remp 10 100 kQ to prevent bus floating
Roar
Total/bus capacitance for each signal C 40 pF 1 card
line Chost+Caus shall
not exceed 30 pF
Card Capacitance for each signal pin Ccarp 10 pF
Maximum signal line inductance 16 nH
Pull-up resistance inside card (pin1) Roars 10 90 kQ May be used for card
detection
Capacity Connected to Power Line Cc 5 uF To prevent inrush current
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4.1.4.Power Up Time of Host

Host needs to keep power line level less than 0.5V and more than 1ms before power ramp up.

¥DD Supply
Voltage

VDD max

a6V Stable supply
: ! voltage
Operating supply range
- ! \

2.7V —

VOO min S

A~
o
/
y
i
/
||lII
In’

0.5v Pumrord'c!l:le

| leveliduration g Time { not scaled)

Min. Min. 0.1msec | Min. | 1
: Tmsec *~ Max. 35msec " | Imsec i i ot
i <« Power ramp up——»

Host provides at least 74
Clocks before issuing first
command

Voltage should be as monctonic as possible

Power On or Power Cycle
Followings are requirements for Power on and Power_cycle to assure a reliable SD Card hard reset.

(1) Voltage level shall be below 0.5V
(2) Duration shall be at least 1ms.

Power Supply Ramp Up

The power ramp up time is defined from.0.5V threshold level up to the operating supply voltage which is
stable between VDD (min.) and VDD-(max.)'and host can supply SDCLK.

Followings are recommendation of Power ramp up:

(1) Voltage of power ramp up should be monotonic as much as possible.

(2) The minimum ramp up time'should be 0.1m:s.

(3) The maximum ramp_up time should be 35ms for 2.7-3.6V power supply.
(4) Host shall’wait until VDD is stable.
(5) After 1ms VDD stable time, host provides at least 74 clocks before issuing the first command.

Power Down and Power Cycle

¢ When the host shuts down the power, the card VDD shall be lowered to less than 0.5Volt for a minimum
period of 1ms. During power down, DAT, CMD, and CLK should be disconnected or driven to logical 0 by
the host to avoid a situation that the operating current is drawn through the signal lines.

¢ If the host needs to change the operating voltage, a power cycle is required. Power cycle means the
power is turned off and supplied again. Power cycle is also needed for accessing cards that are already in
Inactive State. To create a power cycle the host shall follow the power down description before power up

the card (i.e. the card VDD shall be once lowered to less than 0.5Volt for a minimum period of 1ms).
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4.1.5.Power Up Time of Card

A device shall be ready to accept the first command within 1ms from detecting VDD min.

Device may use up to 74 clocks for preparation before receiving the first command.

Supply voltage
[

Voo max

Host Supply Voltage |

Valid voltage range for
all commeands

B P

| I
| ! Time out value for time
) - ol inimalization process = Tsec o
1 = '
<0 Img L Supply Tamp up IME. __End of first ACMD41 to card ready

|

ACMD || M acMD| Mg ACMD | M [ o

Initialization sequaencg | CMDOE—{ CMDE2 i © 4 e lld g |=— == 4 M2

I Initialization delay:

The maximum of
1 msec, 74 clock cycles
and supply ramp up fime

4.2.AC Characteristic

.lvl-di

Optional repetitions of ACMD4
until no cards are responding
with busy bit set

input
high level

I""'IIIIII
autput
Vo l I high level
]
Wi B
undefined
Vi
input ri : l
low level f Ve I lﬂutplut I
Ly low leve
Vs ==

10
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4.2.1.SD Interface timing (Default)

Mot Valid

Mot Valid

Vop -omeemmmmemeeeee me—'i - :w—toDL‘ﬂminJ
Card Output Not Valid Valid Not Valid
VSS .................
Card Output Timing (Default Speed Mode)
Parameter ‘ Symbol ‘ Min \ Max \ Unit | Remark
Clock CLK (All values are referred to min(Vis) and max(Vi)
Clock frequency-Data fep Ccara< 10 pF
2 MH
Transfer Mode 0 > z (1 card)
Clock frequency Ccara< 10 pF
f 0(1)/100 400 KH
Identification Mode op w/ z (1 card)
<10 pF
Clock low time twe 10 ns Ceara< 10 p
(1 card)
. . Ccara< 10 pF
Clock high time twh 10 ns (1 card)
<
Clock rise time trin 10 ns Ceara< 10 pF
(1 card)
Ceara< 10 pF
Clock fall time trHL 10 ns card P
(1 card)
Inputs CMD, DAT (referenced to CLK)
. Ccards 10 pF
Input set-up time tisu 5 ns (1 card)

11
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Ccara< 10 pF
Input hold time tiH 5 ns ca(ri ca(r)dr))
Outputs CMD, DAT (referenced to CLK)
Output Delay time during Ci<40 pF
t
Data Transfer Mode oo 0 14 ns (1 card)
Output Delay time during Ci<40 pF
t
Identification Mode oo 0 >0 ns (1 card)

(1) OHz means to stop the clock. The given minimum frequency range is for cases where continues

clock is required.

4.2.2.SD Interface Timing (High-Speed Mode)

Not Walid

'
1
™ -
I
'
'
1
'
1
'
'
1
'
1
'

YK
150% Vg

VSS ------------ —i-i ! ;d— tTLH
Vo ccoeemeee ;* o0 Yimex r. —b‘. Ed—toH[min:.
Card Output Not Valid

Not Valid

Card Qutput Timing (High Speed Mode)

12
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Parameter | Symbol | Min | Max | Unit | Remark
Clock CLK (All values are referred to min(Vis) and max(V..)
Clock frequency Data Transfer Mode fep 0 50 MHz Ceara< 10 pF
(1 card)
Clock low time twe 7 ns Ccara< 10 pF
(1 card)
Clock high time twh 7 ns Ccara< 10 pF
(1 card)
Clock rise time trm 3 ns Ccara< 10 pF
(1 card)
Clock fall time trhL 3 ns Ccara 110 pF
(1 card)
Inputs CMD, DAT (referenced to CLK)
Input set-up time tisu 6 ns Ceard < 10 pF
(1 card)
Input hold time tin 2 ns Ceara< 10 pF
(1 card)
Outputs CMD, DAT (referenced to CLK)
Output Delay time during Data toowy 14 ns C.<40pF
Transfer Mode (1 card)
Output Hold time Ton 2.5 ns C.<15pF
(1 card)
Total System capacitance of each C 40 pF CL<15pF
line (1 card)

(1)

In order to satisfy severe timing, the host.shall drive only one card.

4.2.3.SD Interface timing (SDR12, SDR25, SDR50 and SDR104 Modes)

Input:
) toux |
Voo™ . :
SDCLK Input
Vigg-ommmmnanes
Clock Signal Timing
Symbol Min Max Unit Remark
tewk 4.80 - ns 208MHz (Max.), Between rising edge, Vcr= 0.975V
tCR, ter - 0.2* tewk ns tcR, ter < 0.96ns (max.) at ZOSMHZ, CCARD=10pF
ter, ter < 2.00ns (max.) at 100MHZ, CCARD=10pF
The absolute maximum value of tcg, tcris 10ns
regardless of clock frequency
Clock Duty 30 70 %

Clock Signal Timing

13
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SDR12, SDR25, SDR50 and SDR104 Input Timing:

Voo 222270
SDCLK Input Ver
Vss T .
'l tls ':,| tIH >
Vppio= =727~ '= ! i
V V,
CMD Input X Mo '"X
Not Valid Valid i
DAT([3:0] Input Vi Ve
Vgg------------ '
Card Input Timing
Symbol Min Max Unit SDR104 Mode
tis 1.40 - ns Ccaro =10pF, Vcr=0.975V
tiH 0.8 - ns Ccaro = 5pF, Ver=.0.975V
Symbol Min Max Unit SDR50 Mode
tis 3.00 - ns Ccaro =10pF, V1='0.975V
tiH 0.8 - ns Ccaro = 5pF, V= 0.975V

Output (SDR12, SDR25, SDR50):

tC LK

tODLY

Vopig™ """ i‘
SDCLK Input 7# Ve,
Vss """""" i-
Vooio "2
CMD Output
DAT[3:0] Output

‘JDII ! '
C valid |
UDL \ : UOL

Qutput Timing of Fixed Data Window

Symbol Min Max Unit Remark

tobiy - 7.5 ns tck>=10.0ns, C,=30pF, using driver Type B, for SDR50

toowy - 14 ns tck>=20.0ns, C,=40pF, using driver Type B, for SDR25 and
SDR12,

Ton 1.5 - ns Hold time at the topwy (min.), C,=15pF

14
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Output (SDR104 Mode):
e toix o
Vooio==="---" b i
SDCLK Input ;
v e mmm—————— '
58 : tDP ,"_-' : tom
27 '
VDDIO"""“"- v :
CMD Output Vi Vou
DAT[3:0] Output = .
Vgg------------
Symbol Min Max Unit Remark
tor 0 2 Ul | Card Output Phase
Atop -350 +1550 ps | Delay variable due to temperature'change after tuning
toow 0.60 - Ul | toow = 2.88ns at 208MHz

4.2.4.SD Interface timing (DDR50 Mode)

E_‘ tCLK
Voo™ """ . |
' V
SDCLK Input X " '“\
Vi £ % Vi
Vsgomommomes » -t -t

Clock Signal Timing

Symbol Min Max Unit Remark
tok 20 - ns 50MHz (Max.), Between rising edge
ter, ter - 0.2* tek ns ter, ter < 4.00ns (max.) at 50MHz, Ccarp=10pF
Clock'Duty. 45 55 %

15
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Fpp 4

CLK . \ I

tisuzx | UH2x tisuzx | tiHox

:‘_"_ﬁ »1 B E

. [ i
DATB'O] lnvaudX Dath Xltwalidx Dath XlnvalidX Dath Xlnvalid

input : i

' toDLY2x (max) tODLY2x (max) !

> —p |

i topLY2x (min) LODLY2x (min) Pt

- > ||

DAT[3:0] Data | Oata ! 3 Dfala
output i \_4 { |

In DDRS0 mode, DAT[3:0] lines are sampled on both
edges of the clock (not applicable for CMD line)

Availabie timing window
for card output transition

Available iming window
for host to sample data
from card

Timing Diagram DAT Inputs/Outputs Referenced to CLK in DDR50 Mode

Bus Timings — Parameters Values (DDR50 Mode)

Parameter \ Symbol |Min\ Max \ Unit | Remark

Input CMD (referenced to CLK rising edge)

Ccards 10 pF

Input set-up time tisu 3 - ns (1 card)
] Ccards 10 pF
I hol . l
nput hold time tiH 0.8 ns (1 card)
Output CMD (referenced to CLK rising edge)
Output Delay time
<
during Data.Transfer tooiy 13.7 ns C(Ll_ c3a0rdp)F
Mode
> 15 pF
OutputHold time Ton 15 B} ns C(L1 Ca5r§)

Inputs DAT (referenced to CLK rising and falling edges)

Ccards 10 pF

Input set-up time tisuax 3 - ns (1 card)
. Ceara< 10 pF
Input hold time tinax 0.8 ns (1 card)
Outputs DAT (referenced to CLK rising and falling edges)
Output Delay time
<
during Data Transfer tobuyax - 7.0 ns C(Ll_czaf:g)F
Mode
. C> 15 pF
1. -
Output Hold time ToH2x 5 ns (1 card)

16
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5. PAD ASSIGNMENT Emm
5.1.Pad Assignment and Descriptions

n

\'

Table 5-1 1-Lane microSD Express Interface Memory Card Pad Assignment

pin SD Mode PCle Mode
Name | Type! Description Name Type Description
1 DAT2 I/O Data Line DAT2/CLKREQ# /O Data Line/Reference
clock request signal.
2 | CD/DAT3 I/O Card Detect/Data Line |-CD/DAT3/PERST# I/O Card Detect/Data
Line/Power Enable
Reset

3 CDM I/O Command/Response CMD I/O Command/Response
4 Voo S Supply voltage (3.3V) Vb1 S Supply voltage (3.3V)
5 CLK I Clock CLK I Clock

6 Vss S Supply voltage ground Vss S Supply voltage ground
7 DATO I/O Data Line DATO/REFCLK+ 1/O Data Line/PCle Ref Clock
8 DAT1 I/0 Data Line DAT1/REFCLK- I/0 Data Line/PCle Ref Clock
9 - - Not Used Vob2 S Supply voltage (1.8V)
10 - - Not Used Vss S Supply voltage ground
11 - - Not Used PCle_Tx+ I PCle transmit lane
12 - - Not Used PCle_Tx- I PCle transmit lane
13 - - Not Used Vss S Supply voltage ground
14 - - Not Used PCle_Rx- 0 PCle receive lane
15 - - Not Used PCle_Rx+ 0 PCle receive lane
16 - - Not Used Vss S Supply voltage ground
17 - - Not Used - - Not Used

17
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(1) S: power supply, I: input; O: output using push-pull drivers; PP: /0 using push-pull drivers; OD: I/O
using Open Drain drivers; IDS: Input Differential Signal; ODS: Output Differential Signal.

(2) The extended DAT lines (DAT1-DAT3) are input on power up. They start to operate as DAT lines after

SET_BUS_WIDTH command. The Host shall keep its own DAT1-DAT3 lines in input mode as well while

they are not used. It is defined so in order to keep compatibility to MultiMedia Cards.

(3) At power up, this line has a 50KOhm pull up enabled in the card. This resistor serves two functions: Card

detection and Mode Selection. For Mode Selection, the host can drive the line high or let it be pulled

high to select SD mode. If the host wants to select SPI mode, it should drive the line-low. For Card

detection, the host detects that the line is pulled high. This pull-up should be disconnected by the user

during regular data transfer with SET_CLR_CARD_DETECT (ACMD42) command.
(4) Pin2 and Pin5 shall not be kept open by host in PCle Mode.

5.2.PCIe Bus

Refer to PCl Express standard defined by the PCI-SIG. The command layer used by the PCle interface is NM
Express(NVMe) and standard defined by the NVM Express:

18




FLESON

6. REGISTERS

6.1.Card Register

Name Width Description
CID 128bit |Card identification number; card individual number for identification.
) Relative card address; local system address of a card, dynamically
RCA! 16bit AL
suggested by the card and approved by the host during initialization.
DSR 16bit |Driver Stage Register; to configure the card’s output drivers:
CsD 128bit |Card Specific Data; Information about the card opération conditions.
_ |SD Configuration Register; Information about.the SD Memory Card's
SCR 64bit , o
Special Features capabilities
OCR 32bit |Operation conditions register.
SSR 512bit |SD Status; Information about the card.proprietary features.
CSR 32bit |Card Status; Information about the card status.

(1) RCA register is not used (or available) in SPI mode.

19
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7. PHYSICAL DIMENSION

Dimension: 15mm(L) x 11mm(W) x 1Imm(H)

-

JFE}T

L

c3

el /A\

—~—C2

R3 —

=— DETAIL A

10—

Al

VIEW A s //—
DETAIL A
A3
--——-
:E;_' S N
il 1 e —B7
L
T3,
' i BS
i L +—Liy
[
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COMMON DIMENSION

Notes:
SYMBOL MIN NOM MAX NOTE 1. DIMENSIONS and TOLERANCING per
A 109 11.00 1110 ASME Y14,5M- 1994,
A1 960 970 9.80
A2 - 3.85 - BASIC 2. Dimensions are in millimeters.
Al 760 1.70 7.80
Al - 110 x BASIC | [/3\ COPLANARITY is addtive o C1 MAX
A5 0.75% 0.80 0.85 thickness.
A6 - - 8.50
Al 0.90 - - A All edges shall not be sharp as tested per
AS 0.60 0.70 0.80 .1439 “Test for Sharpness of Fdges on
AS 0.05 - - Equipment”
Al10 0.2% 0.35 0.45 a v .
All 101 T.11 1.21 5. As B16 is related to connector specification,
A2 116 1.26 1.35 this length will be defined in next version.
A1l 1.92 2.02 212
_A14 201 217 221
A15 283 293 103
AlS 298 3.08 318
A7 3.74 3.84 3.94
Al3 389 399 403
A19 4 65 4.75 485
A20 4.080 4.90 5.00
A2l 556 5.66 5175
A22 571 581 591
A23 647 6.57 6.67
A24 7.75 7.85 7.95
A2 B85S 8.65 B.75
A% 662 672 682
A27 7.38 7.48 758
AZS - - 050
A2 - - 0.50
B 14.90 15.00 15.10
BT 6.13 6.23 6.33
Bz 164 | 184 208 _
B3 130 150 1.70
B4 042 0.52 0.62
B5 2.80 2.90 3.00
56 - 4.75 485
87 0.20 0.30 0.40
Be 1.00 1.10 1.20
B 780 7.90 8.00 REF
B10 110 120 1.30
B11 - 0.75 -
B12 - 1.35 -
B13 - 1.65 -
B14 900 - -
B15 0.10
B15 - 6.40 6.50
I :; ; 1140 — 150 | 1160
B13 0.60
C - 1.00 1.10
L1 060 _0.70 _080
C2 020 030 040
C3 0.00 0.15
c4 080 - 110
C5 0.15 - -
R1 0.20 0.40 0.60
R2 0.20 0.40 0.60
R3 0.70 0.80 0.90
R4 0.70 0.80 0.90
R5 0.60 0.80 0.90
R6 0.60 0.80 0.90
R7 2950 30.00 30.50
R10 - 0.20 -
R11 - 0.20 -
R17 0.10 0.20 0.30
R18 0.20 0.40 0.60
R19 0.05 - 0.20
R20 & - 0.15
o 133° 135° 137°
B 43 45° a7
aaa - - 0.10
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FLESON

8. ORDERING INFORMATION

Capacity

MPN

128GB

FDMM128GBC-5700

256GB

FDMM256GBC-5700
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Revision History

Revision Release Date

Description

1.0

2024/12

First release
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