=~ 3PEAK

TPT24857

SD 3.0-SDR104 Compliant Memory Card Voltage-Level Translator

Features

e SD 3.0 Spec-Compliant Voltage Translation to Support
SDR104 Mode

e Supports High Speed Clock, up to 208 MHz
e 1.2-V to 1.8-V Host Side Interface Voltage Support

e 100-mA Peak Current Regulator to Supply the Card-
Side I/0s

¢ Low Power Consumption by Push-Pull Output Stage
e Automatic Enable and Disable Through Vsp

¢ Integrated Pull-up and Pull-down Resistors: No
External Resistors Required

e Integrated EMI Filters Suppress Higher Harmonics of
Digital 1/0Os

¢ Package: WLCSP20; Pitch 0.4 mm
e ESD Protection on Card Side
— 8-kV IEC61000-4-2, Contact Mode
— 15-kV IEC61000-4-2, Air-Discharge Mode

Applications

e Smartphone

¢ Mobile Handset and Digital Camera
e Tablet PC/ Laptop

e SD, MMC or MicroSD Card Readers

Description

The TPT24857 is an SD 3.0 spec-compliant memory
card voltage-level translator with bidirectional control. It is
designed to translate voltage between voltage 1.8 V to 3.0
V in the card side and 1.2 V to 1.8 V in the host side.

The device supports SD 3.0 SDR104 in high speed mode,
and covers down to SDR50, DDR50, SDR25, SDR12 &
SD 2.0 (60 MHz and 25 MHz) modes. The TPT24857
has an integrated voltage regulator to supply the card-side
I/Os, and can support a 100-mA peak current with an auto-
enable function. The device also has the EMI filters and
support robust ESD protections: 10-kV IEC contact ESD.

The TPT24857 is available in WLCSP20 with the 0.4-mm
pitch package, and is characterized from —-40°C to +85°C.
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Revision History

Date Revision Notes
2020-01-02 Rev. Pre.0 Initial version.
2020-02-21 Rev. Pre.1 Updated the MSL level 1 and ICCA current.
2020-05-11 Rev. Pre.2 Updated the electrical parameter.
2020-06-24 Rev.A.0 Fixed the datasheet.
2020-09-11 Rev.A1 Updated the host side and card side, and the min/max value of tr/tf.
Updated to a new datasheet format.
2024-12-24 Rev.A.2 Updated the POD.
Updated the Tape and Reel Information.
The following updates are all about the new datasheet formats or typos, and the
2025-11-25 Rev.A.3 actual product remains unchanged.
Updated the Functional Block Diagram.
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Pin Configuration and Functions

TPT24857-WS8R

WLCSP20
LR RUIEL
{ B B2 B3 Ba
" c c2 c3 c4
o p2 D3 D4
L EORCEL

Table 1. Pin Functions

Pin No. Name 110 Description
A1 DAT2A /0 Data 2 input or output on the host side.
A2 VCCA Supply voltage from the host side.
A3 VSD The supply voltage.
A4 DAT2B I/0 Data 2 input or output on the memory card side.
B1 DAT3A /0 data 3 input or output on the host side.
B2 CD @) Card detect switch biasing output.
B3 VCCB Internal supply decoupling (VLDO).
B4 DAT3B I/0 Data 3 input or output on the memory card side.
C1 CMDA /0 Command input or output on the host side.
Cc2 GND Supply ground.
C3 GND Supply ground.
C4 CMDB I/0 Command input or output on the memory card side.
D1 DATOA /0 Data 0 input or output on the host side.
D2 CLKA I Clock signal input on the host side.
D3 CLKB 0] Clock signal output on the memory card side.
D4 DATOB I/0 Data 0 input or output on the memory card side.

www.3peak.com 4/18 CA20241227A3
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Pin No. Name /0 Description
E1 DAT1A I/O Data 1 input or output on the host side.
E2 CLK_FB 0 Clock feedback output on the host side.
E3 SEL I Card side I/O voltage level select.
E4 DAT1B I/O Data 1 input or output on the memory card side.
www.3peak.com 5/18
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Specifications

Absolute Maximum Ratings

Parameter Min Max Unit
VCCA Host Side Reference Voltage Range -0.5 5.5 \%
VSD, . .
VCCB Power Supply and Card Side Reference Bias Voltage Range -0.5 5.5 \Y
Vi Input Voltage Range ) -0.5 55 \%
Ptotal Total Power Dissipation 1000 mW
Peak Current in Card Side 100 mA
Ty Maximum Operating Junction Temperature 85 °C
Tste Storage Temperature Range -65 150 °C

ESD, Electrostatic Discharge Protection

Symbol Parameter Condition Minimum Level Unit
IEC-61000-4-2, Contact Discharge Side B Pin 8 kV

IEC-ESD
IEC-61000-4-2, Air-Gap Discharge Side B Pin 15 kV
HBM HBM per ANSI/ESDA/JEDEC JS-001 | All pins 7 kV
CDM Charged Device Model ESD ANSI/ESDA/JEDEC JS-002 1.5 kV
Latch Up | Latch up per JESD78 All Pin 600 mA

Recommended Operating Conditions

Parameter Min Typ Max Unit
Vsp Supply Voltage 2.9 3.6 \%
Veea Host Side Voltage 1.1 2.0 \%
. . Vcea +
Input Voltage in Host Side -0.3 0.3 \%
\ :
. . Vipo +
Input Voltage in Card Side -0.3 0.3 \%
External Capacitance at Pin Vcce 2.2 uF
Cap External Capacitance at Pin Vsp 0.1 uF
External Capacitance at Pin Vcca 0.1 uF
Ta Operating Ambient Temperature -40 85 °C

www.3peak.com 6/18 CA20241227A3
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Integrated Resistors
All test conditions: Ta = 25°C.

Table 2. Intergrated Resistors

Parameter Min Typ Max Unit

VLDO Pull-Down Resistor to GND 70 100 130 Q

Ree SEL Pull-Down Resistor to GND 210 350 550 kQ
Ros Pull-up Resistor at Pins of Data-x and CMDx 20 33 40 kQ
Pull-up Resistor at CD Pin to Vcca 70 100 130 kQ

Series Resistor at Host Side, Tolerance +30% (1) 22.5 Q

R Series Resistor at Card Side, Tolerance +30% (1) 15 Q

(1) Rs is provided by design simulation.

Device Function Table

Table 3. SD Card Side Voltage Level Control Signal Truth Table

Input Output
SEL Vces Pins Function
H 1.8V DATOB to DAT3B, CLKB, CMDB | Low Supply Voltage Level (1.8 Vi)
Tracking Vsp DATOB to DAT3B, CLKB, CMDB | High Supply Voltage Level (Tracking Vsp)

(1) H=HIGH; L = LOW; X = don't care.
(2) Host-side pins are not influenced by SEL.
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Electrical Characteristics

All test conditions: Vsp = 3.0 V, Ta = —=40°C to +85°C, unless otherwise noted.

Symbol Parameter Conditions ‘ Min Typ Max Unit
Automatic Enable Feature: Vsp
Vsben Device Enable Voltage Level Vcea 2 1.0V, Vsp rising edge 2.25 2.45 2.65 Y
Vspdisanle | Device Disable Voltage Level Vcea 2 1.0V, Vsp falling edge 2.2 24 26 \Y
2Vspen Vspen Hysteresis Voltage 30 150 mV
Supply Voltage Regulator for Card-Side 1/O PIN: Vccs
SEL=LOW;3.0V<Vsp<3.6 Vsp — Vsp —
Vsp \%
V; lo <100 mA 0.2 0.1
Vo wpo) | Regulator/Switch Output Voltage
SEL = HIGH; Vsp 22.9 V;
1.7 1.8 1.95 \Y
lo <100 mA
lo (Loo) Regulator/Switch Output Current 100 mA
Host-Side Input Signals: CMDA and DATOA to DAT3A, CLKA; 1.1V <Vcca<2.0V
v High-Level Input Voltage Veoa=1.1Vand Ve =20V | 272~ Voort |y,
igh-Lev u =1. =2.
IH g p g CCA CCA VCCA 0.3
0.25 x
ViL Low-Level Input Voltage Veea=1.1Vand Vcca=2.0V -0.3 V. Vv
cCA
Host-Side Control Signals; 1.1 V<Vcca<2.0V
SEL
Vv High-Level Input Voltage Vooa=14Vand Ve =20V | 070 Voor® |y,
IH g p g CCA . CCA . VCCA 03
0.25 x
Vi Low-Level Input Voltage Veea=1.1Vand Vceca=2.0V -0.3 V \Y
CCA
Host-Side Output Signals: CLK_FB, CMDA and DATOA to DAT3A; 1.1 VSVCCA<2.0V
. lo=2mA; V=V (card side) 0.8 x
High-Level Output Voltage \Y
for CLK_F Vcea
Vor lo=2 pA: Vi = Vi (card side) | 0.8
. 0 = £ UA; VI = V4 (Cara siae .0 X
High-Level Output Volt Vv
gh--evel Dufput Vottage for CMDA, DATXA Veca
. 0.15 x
Vou Low-Level Output Voltage lo = -2 mA; V| = Vi (card side) v \Y
cCA
Card-Side Input Signals: CMDB and DATOB to DAT3B
SEL =LOW (3.0 V card 0.625 x Vo (Lbo) Vv
interface) Vo (Lbo) +0.3
VIH High-Level Inout Voltage
SEL = HIGH (1.8 V card 0.625 x Vo (Lbo) v
interface) Vo (o) +0.3
SEL = LOW (3.0 V card 0.3 xVo
VIL Low-Level Input Voltage ) -0.3 \Y
interface) (LDO)
www.3peak.com 8/18 CA20241227A3
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Symbol Parameter Conditions Min Typ Max Unit
SEL = HIGH (1.8 V card 0.35 x
. ( -0.3 Vv
interface) Vo (Lbo)
Card-Side Output Signal
CMDB and DAT3B, CLKB
lo=4 mA; V, =V (host
0.85 x Vv
side); SEL = LOW (3.0 V card oLPO Ty
. . Vo (Lbo) +0.3
High-Level Output Voltage for CLKB interface)
only lo=2mA; V, =V (host side); 0.85 x
VoH SEL = HIGH (1.8 V card ' 2.0 Y
. Vo (Lbo)
interface)
. lo =2 pA; V) = V4 (host side);
High-Level Output Voltage for CMDB, 0.85 %
SEL = HIGH (1.8 V card 2.0 \Y
DATxB ) Vo (Lbo)
interface)
lo=-4 mA; V| =V (host
? m I iL (hos 0.125 x
side); SEL = LOW (2.9 V card -0.3 \Y
. Vo(Lpo)
interface)
VoL Low-Level Output Voltage
|o=-2mA;VI=VIcardL 0.125 x
(host side); SEL = HIGH (1.8 V -0.3 ' \Y
. Vo (Loo)
interface)

Bus Signal Equivalent Capacitance (V

Vi=0V,;fi=1MHz; Vsp =3.0V; Vcca=1.8V

Cen Channel Capacitance host side 7 pF
card side 15 pF

Current Consumption

Vsp 2 Vspen (active mode); all inputs = HIGH
SEL = LOW (3.0 V card

72 110 uA
lcc (stat) Static Supply Current interface)
SEL = HIGH (1.8 V card 76 15 A
u
interface)

Vsp < Vspen and Veea < 1.0 V (inactive mode); all host side inputs =

HIGH
| Standby Supply Current SEL =LOW(3.0'V card 6 14 uA
CC (1) y Supply interface)
SEL = HIGH (1.8 V card
_ 6 14 uA
interface)

(1) EMI filter line capacitance per data channel from 1/O driver to pin; CcH is provided by design simulation.

www.3peak.com 9/18 CA20241227A3
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Switching Characteristics AC Performance

Table 4. Voltage Regulator, Typical Test Condition is Vsp = 3.0 V, Ta = 25°C

Symbol Parameter Conditions ‘ Min ‘ Typ Max ‘ Unit
Voltage Regulator Output Pin: Vcce
t Veea=1.8V;Vsp=3.0V; Cext =
startup Regulator Start-up Time CoA ) sP et 400 us
(LDO) 2.2 uF; seeFigure
Vo(po)=3.0Vto1.8V;
tt (o) Output Fall Time SEL = LOW to HIGH; see 1 ms
Figure
Vowpo)=1.8V1t0 3.0V,
tr (o) Output Rise Time SEL = HIGH to LOW; see 100 us
Figure
Table 5. Level Translator, Typical Test Condition is Vsp = 3.0 V, Ta = 25°C
Symbol Parameter Conditions ‘ Min ‘ Typ Max ‘ Unit
Host Side Transition Times
b Rise Time SEL = HIGH (1.8 V card 0.4 - ns
tr Fall Time interface); Vcca = 1.8V 0.4 -M ns
b Rise Time SEL = HIGH (1.8 V card 0.4 - ns
tr Fall Time interface); Veca= 1.2V 04 - ns
Card Side Transition Times
tr Rise Time SEL = HIGH (1.8 V card - 0.75 -@ ns
te Fall Time interface) -@ 0.75 -@ ns
Card Input Transition Times
t Rise Time SEL = HIGH (1.8 V card — 0.5 - @) ns
tr Fall Time interface) (1 045 | -© ns
Host to Card Propoagation Delay
¢ Propagation Delay, DATxA to DATxB, |SEL = HIGH (1.8 V card 3.75 ) 0
. - s
- CMDA to CMDB, CLKA to CLKB interface); Veca = 1.2 V
. SEL = HIGH (1.8 V card 4
tpaz Propagation Delay, CLKA to CLK_FB |, 6.5 -4 ns
interface); Vecca=1.2V
Card to Host Propagation Delay
¢ Propagation Delay, DATxB to DATxA, |SEL = HIGH (1.8 V card 35 ) ns
a3 CMDB to CMDA interface); Veca = 1.2V '
Automatic Direction
Auto Direction Swapping Time of Data
uto Birection Swapping 1l SEL = HIGH (1.8 V card
tast Flow Between from Host to Card and |, 5 -- () ns
interface); Vcca=1.2V
from Card to Host
(1) Transition between VoL = 0.35B x Vcca and Vo = 0.65 % Vcea , trmax = 1 ns; timax = 1 ns in lab test;
www.3peak.com 10/18 CA20241227A3
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(2) Transition between VoL = 0.45 V and Von = 1.4 V, timin = 0.4 nS; tfmin = 0.4 nS; tmaX = 1.32 ns; timax = 1.32 ns in lab test;

(3) By design simulation, transition between ViL = 0.58 V and Vin = 1.27 V with Cirace = 3.5 pF and Ccard+crapLe = 12 pF, trace
length =11 mm; timin = 0.2 NS, trmax = 0.96 ns; tmax = 0.96 ns by design simulation;

(4) Parameters are provided by the lab bench test, tpdimax = 6.5 ns in lab test, tpa2max = 15 ns in lab test, tpazmax = 6.0 ns in lab
test;

(5) By design simulation, tgstmax = 9.6 ns.
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Detailed Description

Functional Block Diagram
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Figure 1. Functional Block Diagram
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Feature Description

Enable and Direction Control

The TPT24857 has an auto-enable feature. When Vsp rises above 2.65 V, the LDO and the level translator logic is enabled
automatically. As soon as Vsp drops below the Vspdisable, the LDO and the card side drivers and the level translator logic is
disabled. All host side pins excluding CLKA are configured as inputs with a 30-kQ resistor pulled up to Vcca, refer to Table 2.

Integrated Voltage Regulator

The low dropout voltage regulator delivers the supply voltage for the voltage translators and the card-side input/output
stages. It can support 1.8 V and 3.0 V signaling modes as required in the SD 3.0 specification. The switching time between
the two output voltage modes is compliant with the SD 3.0 specification. Depending on the signaling level at the pin SEL, the
regulator delivers 1.8 V (SEL = HIGH) or 3.0 V (SEL = LOW). See Table 3 for the SD card side voltage level control signal
truth table.

There is an external capacitor between the regulator output pin Vcce and ground for proper operation of the integrated
voltage regulator. See Table 2 for equivalent series resistance, and recommended capacitance in Recommended Operating
Conditions. It is recommended to place the capacitor close to the Vsp and Vcce pin and also maintain short connections of
both to the ground.

Feedback Clock Channel

The clock is transmitted from the host side to the SD card side, and the voltage translator and the PCB traces have some
delay. It reduces timing margin for data read back from SD card, especially at higher data rate. In real case, the clock is
always delivered by the host, while the data in the timing critical read mode comes from the card, so there is a feedback path
provided to compensate the delay. That's why a feedback clock channel is needed here.

EMI Filter

In the sensitive mobile application, the high speed communication is very complicated, then all input/output driver stages
must be designed with EMI filters to reduce interferences.

ESD Protection

The TPT24857 has robust ESD protections on all SD card pins as well as on the VSD pin. The architecture prevents any
stress for the host: the voltage translator discharges any stress through the supply ground.

The pin Card Detection (CD) might be pulled down by the SD card which has to be detected by the host. The pin is designed
with International Electrotechnical Commission (IEC) system-level ESD protection and pull-up resistor connected to the host
supply Vcea.

www.3peak.com 13/18 CA20241227A3
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Application and Implementation

Note

Information in the following application sections is not part of the 3PEAK’s component specification and 3PEAK does not
warrant its accuracy or completeness. 3PEAK’s customers are responsible for determining suitability of components for
their purposes. Customers should validate and test their design implementation to confirm system functionality.
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Tape and Reel Information

\&

—

D1:Reel Diameter W1

\*4

- Direction of Feed

I>
O 0 0,0 00 0:0 O:0 O:0 00 0:0
Q1..Q2 Q11.Q2 Q11.Q2 WQ
O O Q?’OQ 4 Q3OQ y Q3<>Q . O O 'F &) j' ?Zza
-
PO A0 | KO
BO
D1 w1 A0 BO KO PO wo Pin1
Order Number Package

(mm) | (mm) | (mm) @D [ (mm)D| (mm)®| (mm) | (mm) | Quadrant

TPT24857-WS8R-S WLCSP20 178 12,5 1.75 2.30 0.75 4 8 Q1

(1) The value is for reference only. Contact the 3PEAK factory for more information.
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Package Outline Dimensions

WLCSP

Package Outline Dimensions WLP(WLCSP-A)

® D

PIN T

T.F

OO WY

TOP VIEW BOTTOM VIEW
(MARK SIDE) (BALL SIDE)

25um Backside Tape

* Dimensions Dimensions
‘ AP A Symbol In Millimeters In Inches
U U ? MIN MAX MIN MAX
%A) \;L A 0.445 | 0535 | 0.018 | 0.021
Al 0.180 | 0.220 | 0.007 | 0.009
A2 0.265 | 0315 | 0.010 | 0.012
SIDE - VIEW D 2010 | 2070 | 0.079 | 0.081
D1 1.600BSC 0.063
E 1610 | 1670 | 0063 | 0.066
E1 1.200BSC 0.047
b 0230 | 0290 | 0009 | 0.011
e 0.400BSC 0.016
x1 0.220REF 0.009
x2 0.220REF 0.009
NOTES: yl 0.220REF 0.009
L o e T, e o onve | oo
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Order Information

Operating Temperature
Order Number > :angep Package Marking Information MSL Transport Media, Quantity Eco Plan
TPT24857-WS8R-S -40 to 85°C WLCSP20 T27 1 Tape and Reel, 3000 Green

Green: 3PEAK defines "Green" to mean RoHS compatible and free of halogen substances.
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IMPORTANT NOTICE AND DISCLAIMER

Copyright© 3PEAK 2012-2025. All rights reserved.

Trademarks. Any of the B I&8 or 3PEAK trade names, trademarks, graphic marks, and domain names contained in
this document /material are the property of 3PEAK. You may NOT reproduce, modify, publish, transmit or distribute any
Trademark without the prior written consent of 3PEAK.

Performance Information. Performance tests or performance range contained in this document/material are either results
of design simulation or actual tests conducted under designated testing environment. Any variation in testing environment or
simulation environment, including but not limited to testing method, testing process or testing temperature, may affect actual
performance of the product.

Disclaimer. 3PEAK provides technical and reliability data (including data sheets), design resources (including reference
designs), application or other design recommendations, networking tools, security information and other resources "As Is".
3PEAK makes no warranty as to the absence of defects, and makes no warranties of any kind, express or implied, including
without limitation, implied warranties as to merchantability, fitness for a particular purpose or non-infringement of any third-
party’s intellectual property rights. Unless otherwise specified in writing, products supplied by 3PEAK are not designed to
be used in any life-threatening scenarios, including critical medical applications, automotive safety-critical systems, aviation,
aerospace, or any situations where failure could result in bodily harm, loss of life, or significant property damage. 3PEAK
disclaims all liability for any such unauthorized use.
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