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1 Introduction

1.1 Purpose & Scope

The purpose of this document is to assist in choosing a voltage level translator (aka level
shifter, level shifting transceiver), to connect a TiWi family (TiWi or TiwWi5) module’'s 1.8V
SDIO to a host system or application processor operating at another voltage. LSR
cannot simply provide a list of parts that will work, since the characteristics of the host
may be part of the design details required to make a selection. This guide will help the
designer analyze the interaction of Tiwi module with the level shifter and host such that
a choice may be made with confidence.

1.2 Audience

This document is intended to be read by engineers and technical management. A
general knowledge of common engineering practices is assumed.

1.3 Applicable Documents

¢ TiWi-R2 Datasheet

e TiWi5 Datasheet

e Texas Instruments Application Report SCEA043
http://focus.ti.com/lit/an/scea043/scea043.pdf

e Texas Instruments Application Report SCEA044
http://focus.ti.com/lit/an/scea044/scea044.pdf

e Texas Instruments Voltage Level Translation Selections
http://focus.ti.com/download/aap/pdf/VLT PF_Overview.pdf

1.4 Revision History

Date Change Description Revision

9-26-2011 Initial release. 1.0

Table 1 Revision History
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2 Summary of the Problem - Two Types of SDIO 1I/O

2.1 SDIO D3

SDIO_D3 does not require a SDIO Controller (or level shifter) capable of pulling the line
high for Tiwi. Within the Tiwi module, SDIO_D3 is equipped with approximately a 3.21k
ohm pull up resistance, while all other SDIO 1/O are not pulled up.
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Figure 1 - Logic High: Tiwi SDIO_D3
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Figure 2 - Logic Low: Tiwi SDIO_D3
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2.2 All SDIO I/O Except SDIO_D3

All of the SDIO 1/O, except SDIO_D3, require a SDIO Controller (or level shifter) capable
of pulling the line high for TiWi. An external pull up resistor may be used, but the
particular circuit would require detailed analysis to choose the correct value without
violating the logic voltage thresholds. The added resistor or network would need to
support the data rates and analog rise and fall time of the SDIO bus.
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Figure 3 - Logic High: All Tiwi SDIO Except SDIO_D3 (open drain requires pull up)
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Figure 4 - Logic Low: All TiWi SDIO Except SDIO_D3 (open drain requires pull up)
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3 Solutions to Consider

3.1 Texas Instruments TXB010x Type Voltage Translators

Below is a snapshot of the architecture of the Texas Instruments TXB010x type voltage
translators. Notice the SDIO signal to be level translated passes between the A and B
ports, and neither port has an internal pull up resistance. Since all SDIO lines except for
D3 require an external pull up resistance, this is an option only for SDIO_D3 which
already has the pull up inside the TiWi module. The appropriate one-shot fires briefly for
edge acceleration, then the buffer with series 4K ohms takes over. This would likely not
work since when driving a logic low, the 4Kohms is in series with the 3.21K ohms within
the TiWi module. This voltage divider results in 0.99 V presented to the TiWi module as
a logic low. While this does not meet TiWi's Vil_max requirement of 0.63V, we are close
and considering the silicon process variation, this would work intermittently at best,
but likely not at all. It may work with an external pull up network, but there are other
choices which will work for all SDIO lines including D3. We suggest detailed analysis of
the capabilities of the SDIO Master (or level shifter) and how it relates to and is affected
by the TiWi module prior to making a design decision. We know of at least one situation
where the TXB type worked for 1 wire SDIO on the TiWi module, but would not work in
the 4 wire mode. 1 wire mode uses the TiWi SDIO I/O without the pull ups! Perhaps
there is a very weak parasitic pull up within the WL1271 and/or TXB, but we do not
recommend using TXB without careful consideration to the logic thresholds.
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Figure 5 — Texas Instruments TXB010x Voltage Translator
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3.2 Texas Instruments TXB010x Type Voltage Translators

Below is a snapshot of the architecture of the Texas Instruments TXS010x type voltage
translators. Again, the SDIO signal to be level translated passes between the AA and B
ports, and both ports have an internal pull up resistance so this type of translator can pull
SDIO lines high for the Tiwi module. When a signal with a rising edge is presented to
Port A or B, the appropriate one-shot fires briefly for edge acceleration, then the 10K
ohms takes over. SDIO_D3 already has a pull up inside the TiWi module, so the 10K
ohms will act in parallel with Tiwi's 3.21K ohms. For falling edges and logic low, the N2
pass gate is turned on, and the level shifter becomes somewhat transparent. Port A and
B are then connected through the pass gate series resistance which is low. Since all
SDIO lines except for D3 require an external pull up resistance, this is a good global
choice to consider for all of Tiwi's SDIO lines. However, detailed analysis with the
SDIO Host must be carried out to ensure logic thresholds are not violated.
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Figure 6 — Texas Instruments TXS010x Voltage Translator
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3.3 Texas Instruments TWL1200 Voltage Translator

A noteworthy option to consider is Texas Instrument’s TWL1200 which provides 19 bits
of voltage translation and is specifically designed to seamlessly bridge TiWi-R2 and
TiWi5 modules to application processors operating at different voltages. This translator
accommodates voltages from 1.1V to 3.6V. This one part can translate all of TiWi's I/O
for approximately $2.00.

TYPICAL APPLICATION BLOCK DIAGRAM
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Figure 7 — Texas Instruments TWL1200 Voltage Translator
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4 Conclusions

1. There is no one size fits all answer to voltage level translation.

2. There are excellent options readily available to solve each unique set of problems (size,
cost, characteristics of your particular host).

3. The circuit warrants detailed analysis to ensure logic thresholds are not violated.

4. High speed design techniques should be used as appropriate for the rise and fall times
and data rates to be supported. This is always true for all digital lines, and in addition to
helping meet your product performance goals will reduce radiated emissions. These
techniques include but are not limited to

1.
2.

4.

Impedance control of the SDIO lines.
Observing integrity of the ground return paths.

Consider adding place holders for series resistance on all SDIO lines to suppress
ringing. Zero ohms or some small value may be used initially, but then increased
to perhaps 33 ohms to suppress ringing if encountered.

Terminating the lines in their characteristic impedance.

5. While the parts considered in this report were all from Texas Instruments, consideration
should be given to other suppliers. The same analysis guidance applies.
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5 Contacting LS Research

Headquarters LS Research, LLC
W66 N220 Commerce Court
Cedarburg, WI 53012-2636
USA
Tel: 1(262) 375-4400
Fax: 1(262) 375-4248

Website www.lsr.com
Technical Support forum.Isr.com
Sales Contact sales@Isr.com

The information in this document is provided in connection with LS Research (hereafter referred to as
“LSR") products. No license, express or implied, by estoppel or otherwise, to any intellectual property right
is granted by this document or in connection with the sale of LSR products. EXCEPT AS SET FORTH IN
LSR'S TERMS AND CONDITIONS OF SALE LOCATED ON LSR’'S WEB SITE, LSR ASSUMES NO
LIABILITY WHATSOEVER AND DISCLAIMS ANY EXPRESS, IMPLIED OR STATUTORY WARRANTY
RELATING TO ITS PRODUCTS INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTY OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT. IN NO
EVENT SHALL LSR BE LIABLE FOR ANY DIRECT, INDIRECT, CONSEQUENTIAL, PUNITIVE,
SPECIAL OR INCIDENTAL DAMAGES (INCLUDING, WITHOUT LIMITATION, DAMAGES FOR LOSS
OF PROFITS, BUSINESS INTERRUPTION, OR LOSS OF INFORMATION) ARISING OUT OF THE USE
OR INABILITY TO USE THIS DOCUMENT, EVEN IF LSR HAS BEEN ADVISED OF THE POSSIBILITY
OF SUCH DAMAGES. LSR makes no representations or warranties with respect to the accuracy or
completeness of the contents of this document and reserves the right to make changes to specifications
and product descriptions at any time without notice. LSR does not make any commitment to update the
information contained herein. Unless specifically provided otherwise, LSR products are not suitable for,
and shall not be used in, automotive applications. LSR’s products are not intended, authorized, or
warranted for use as components in applications intended to support or sustain life.
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