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Tips for Selecting Level Shifters
(Voltage Translation ICs)

Outline:

This application note discusses how to select the right level shifter (also known as voltage translation
IC). An electronic circuit board that consists of multiple voltage domains requires up, down, or
up/down translation.
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1. Introduction: Why are level shifters necessary?

Nowadays, electronic systems are becoming ever faster and more versatile while becoming
progressively smaller and less power-consuming. This trend is driving the need for
semiconductor devices with the same characteristics. To meet these requirements,
semiconductor fabs have been shrinking manufacturing processes, especially for LSI chips at
the heart of electronic systems. Accompanying process shrinking, migration to low-voltage
devices is progressing partly because of the low withstand voltage of small-geometry processes
(due to the effects of internal electric fields) and partly because of the market demand for
reducing power consumption. In contrast, peripheral ICs still operate at either 5V or 3.3 V to
maintain compatibility with the interface standards for external systems.

Therefore, core and peripheral ICs might operate at different voltages. In some cases, the
output signals of a driver IC might not be compatible with the input voltage specification of a
receiver IC.

Conversely, some system manufacturers use legacy ICs at the core of a system and state-
of-the-art low-voltage ICs at the periphery in order to reduce overall system cost. In this case
as well, core and peripheral ICs operate at different voltages. Therefore, electronic boards
generally consist of multiple voltage domains. To interface between two voltage domains, it is
necessary to shift the output voltage level from a driver to a level compatible with the input
specification of the receiver. The device that plays this role is a level shifter (also called a
voltage translator or a voltage translation IC by some manufacturers). Considerable skill is
required to select level shifters that meet system specifications such as voltage translation
levels, propagation delay times, and packaging requirements.

This application note explains how to select appropriate level shifters according to the required
specifications.
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When two ICs with different supply voltages are connected, the driver IC might not satisfy

the input voltage specification of the receiver IC.
— Level shifter can optimize the signal.

System A System B
Memory,
CPU, ASIC, etc “ Peripheral ICs, etc.
(1.2V, 1.5V, 1.8V)
(2.5V, 3.3V, 5.0V)

Level shifters might be required in case of
supply voltages of both systems are different

In case that input tolerant feature

of System A (Receiver) is low,
System A would be damaged P

-- -4 T Vees
A level shifter would
""""""" solve interface problems.
¥f:: T Slgnal Dlrectlon
Viia
GND GND

System B (Receiver) can't recognize
the signal as “H" level.

Figure 1 Why are level shifters necessary?
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2. Types of level shifters

Level shifters (voltage translation ICs) are broadly divided into the following two types:
(1) Dedicated level shifter ICs
» Level shifter (buffer-type)
Examples:
Single-supply/unidirectional: 74LV4T125FT, 74LV4T126FT, 7UL1T34FU
Dual-supply/bidirectional: 74AVC4T245FT, TC7MPN3125FT
» Dual-supply level shift bus switches

Examples:
Dual-supply/bidirectional: TC7MPB9307FT, TC7QPB9306FT, TC7WPB9306FK,
TC7SPB9306TU
(2) CMOS and one-gate logic (L-MOSY**) ICs with one of the following level-shifting
functions:
Note: One-gate logic ICs are hereinafter simply referred to as L-MOS ICs.
e TTL-level input

¢ Input-tolerant function
¢ Open-drain output
Each of them is detailed in the following sections.

2.1 TTL-level input

Transistor-transistor logic (TTL) is built from bipolar transistors that operate at 5 V. Although
CMOS logic ICs are the most commonly used at present, TTL logic such as the 74LS and 74ALS
series remains in use. There is an industry standard for the TTL input level to ensure that
signals can be properly passed from one device to another in a logic system operating from a
5-V power supply. The TC74HCT, TC74ACT and TC74VHCT series ending with the letter “T”
have a 5-V TTL-level input.

Variations of the basic TTL series include low-voltage TTL (LVTTL) compatible with 3-V power
supplies composed of CMOS devices. LVTTL, which is standardized by JEITA ED-5001A, has
the same threshold voltage as TTL. The 74LCX and 74VCX series satisfy the LVTTL
requirements.

Generally, the input threshold of typical CMOS logic is designed to be 1/2 x Vcc, and the
standard on the data sheet is Vin (0.7 x Vce) / Vi (0.3 X Vcc). Therefore, in the case of 5-V
CMOS logic, it is Vin (3.5 V) / Vi (1.5 V). The output voltage of 5-V TTL logic is standardized
at Von (2.4 V) / VoL (0.4 V). When an output of a 5-V TTL logic IC is connected to an input of
a 5-V CMOS logic IC, the CMOS logic IC does not recognize the Vo level (2.4 V) of the 5-V
TTL logic IC as logic High (because Von < VIH).

In contrast, when Vcc = 5V, a CMOS logic IC with TTL-level inputs has a minimum Vi of 2.0
V and a maximum Vi of 0.8 V, which are lower than the input thresholds of typical CMOS logic
ICs. Therefore, a CMOS logic IC can recognize the Von level of a 5-V TTL logic IC as logic High
because Von > Vin (see Figure 2).
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Not connectable
TTLoutput (Voy) < CMOS input (V)
TTLoutput (Vo) < CMOSinput (V,)

Connectable
TTL output (Vo) > CMOS input (Vi)
TTL output (Vo) < CMOS input (Vy)

Vec=5.0V Vee=5.0V
~ O
O O
Output Input 5 V C M OS
5VTTL :
(Driver) CMOS Input
(Receiver)
] Vec=5V | Vec=5V
—| V=35V
I~ | Threshold
Vou=2.4V (1/2Vc)
Vp=1.5V
D Vo =04V
5V TTL 5V CMOS

Vec=50V Ve =5.0V
~ )
v, A
5 V TTL Output Input 5 V CMOS
) TTL input
(Driver) (Receiver)
| V=5V Vee=5V
——Vou=2.4V
OH —— Vw=2.0V
Threshold *
(=15V)
1V, 0.8V
—— Vo =04V
5VTTL 5V CMOS
(TTL input)

* : It depends on the series.

Connectable
TTL output (Vo) > CMOS input (Vi)
TTL output (Vo) < CMOS input (Vy)

5VTIL

(Driver)

V=50V

Output

Vee=5V

Vou=2.4V

T Vo=0.4V

S5VTTL

Vec=33V

CMOS
LVTTL input
(Receiver)

V=33V

V=20V
Threshold *
(=15V)

V, 08V

3V CMOS
(LVTTL input)

* : Itdepends on the series.

Figure 2 TTL-level inputs (5-V TTL and 3.3-V LVTTL)
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2.2 Input-tolerant function
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The word “tolerant” means “able to endure.” The input-tolerant function prevents current
from flowing from an input to the power supply when the input voltage is higher than the
supply voltage (Vcc). For example, current does not flow to the power supply even if an input
signal is applied when Vcc= 0V. This is realized by an input protection circuit without a diode
returned to Vcc. Check the datasheet for the input voltage range to determine whether a
logic IC has an input-tolerant function. ICs with this function have a maximum input voltage
equal to Vcc maximum (5.5 V in the case of the 74VHC series) regardless of the Vcc level. In
contrast, the input voltage range of ICs without an input-tolerant function is specified as 0 V
to Vce.

Equivalent input circuit and operating
range

(TC74HC series without an input-

Equivalent input circuit and
operating range

(74VHC series with an input-tolerant

tolerant function) function)
s T T TFEFEEEEEEEEEEmEEE ~ s - T TEEFEEEEEEEEEEEE ~
/ Vee vy Vee \
I Y I |1 1
I I |
I 11 |
I 1 !
| I 11 I
| I {1 |
1 17 11 /7 |
l Due to no input tolerant function, ! l Due to input torelant function, !
\ current flows in case Veyema™ Ve L no current flows. /I
N e o e e e e e e e o o o e e e - 4 T S i — —

TC74HC Series Operating Ranges (ex. TC74HC244)

Operating Ranges (Note)

Charactensiics Symbel Rating Unit

Suppiy voltage Ver Im8 v
gt vokage Vi O Vee v

Fammm e e R ] —_——

Cperating emperaturg Togr T e
04 1000 (Voo - 20D
010 500 (Vigg = 4.5 V) ns

Uio 408 (Viee =8.0V)

Input rise and fall tre 8

Naote:  The cperating ranges must be maintained to ensure the normail operation of the device
Unused inputs must b tied io either Voo of GND

T4VHC Operating Ranges (ex.74VHC244)
Operating Ranges (Note)

Characteristics Symbol Test Condiion Ratng Uit
Susply voitage Ve FI L
ot v T
l Lp\. t volage ™ dwnds
Ontpet volage Vour 0w Ves
Deraing eperitoe Tar 408128 c
gt risk and Bl tenes o [Vg=33200V 0w 100 AN
Voo = 5205V Qw20

Motec  The operaling ranges must be maintained to ensure the nomal oparation of the device.
Uinused inputs mist be ted ko sither Yoz of GHOD

Figure 3 Equivalent input circuits and operating ranges of ICs with and without an
input-tolerant function
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2.3 Open-drain ICs (unidirectional up and down translation)

Level-shifting from the output voltage of an IC to an arbitrary supply voltage level can be
accomplished by connecting one end of a pull-up resistor to the output of an open-drain IC
and the other end of the pull-up resistor to the power supply.

However, in order to pull up the output of an IC to a supply voltage higher than its own
supply voltage (when Vcca < Vees), it is necessary to use an IC with an output-tolerant
function so that current does not flow from Vces to Veca.

The output-tolerant function is also called power-down protection. Without power-down
protection, current flows from Vccs to Vcea as shown in Figure 4 when Vceg > Veea. The
output with power-down protection allows a voltage of up to the maximum Vour level (5.5 V
in the case of the 74VHCT series) to be applied. A NAND gate (03), an inverter (05), and a

buffer (07) are available with an open-drain output.

TVCCA Vees
3
B &

o

Figure 4 IC without an output-tolerant function (power-down protection)

In addition, an appropriate pull-up resistor should be selected since steady-state current
flows through the pull-up resistor during output is low state. The IC draws more current
when it drives a logic Low than when it drives a logic High. Since the output rise time is

affected by the pull-up resistor, it might differ from the output fall time.
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ICs without an output-tolerant function allow only down translation to Vccs.

Recommendation
Down : 74VHC series with Input tolerant &
Open-drain (03 : NAND. 05 : Inverter. 07 : Buffer)

/

Ve (less than Vecg)

Vcea I I §
Driver |—— ::l— J O Receiver
Input Output
VCCA I I V
cc

Il ed Vee [

Equivalent Circuit
(No output tolerant)

ov

ICs with an output-tolerant function allow both up and down translation to the
maximum Vour level regardless of Vccs.

Recommendation
Up, Down : 74VHC, 74LCX, 7SZ series with Output tolerant &
Open-drain (03 : NAND. 05 : Inverter. 07 : Buffer)

Veea |
Dr;:/er ?-l :— || Receiver
: )
Input J :L‘ Output
a_l Veee
Vee | | |

A
ov JL 77 ov
\
cca ) - . Vees
ov | | Equivalent Circuit DVJ_L

(Output tolerant)

Figure 5 Examples of up and down translation using ICs with an open-drain output

© 2022-2025 11 2025-05-15
Toshiba Electronic Devices & Storage Corporation Rev.2.0



TOS H I BA Tips for Selecting Level Shifters (Voltage Translation ICs)
Application Note

3. How to select level shifters

Generally, you can follow these six steps to select a level shifter that satisfies system
requirements.

At Steps 1 to 3, you narrow down your choice to one or a few product series. At Steps 4 to
6, you select a specific level shifter.

Signal Directional Bidirectional

Unidirectional
Step 1 or Bidirection

Unidirectional

Up or Down Down translation Up/Down
Translation? Translation

Step 2

Step 3 Confirm Voltage translation range

Step4 ~6 Select the series and products

Figure 6 Steps for selecting a level shifter

Step 1. Determine the signal direction (unidirectional or bidirectional).

Step 2. In the case of a unidirectional signal, select either up translation or down translation.
In the case of a bidirectional signal, up/down translation is generally selected.

Step 3. Determine the voltage translation levels required from a driver’s output to a
receiver’s input. Then, check the level-shifting range of each product series and
select one that meets the requirements specification. Some ICs operate from a single
power supply while others operate from dual power supplies. Single-supply CMOS
logic and L-MOS ICs provide a level-shifting function (TTL-level input, input-tolerant
function, or open-drain output). To select the right IC, check the supply voltage
range and the input Vin specification. In contrast, dedicated level shifters provide
dual power supplies. Level-shifting can be easily accomplished by setting one of the
power supplies to a driver’s output level and the other to a receiver’s input level.

Step 4. Check the number of level-shifting circuits required.

Step 5. Check the required propagation delay times (tpin and tpri or teiz and tez) of the IC.
Also check the output drive capability (Ion and IoL) of the IC. You have two choices
particularly for bidirectional up/down translation: dual-supply level shifters (buffer-
type) and level shift bus switches. Level shifters (buffer-type) provide an output
drive capability whereas level shift bus switches, which are designed to
connect/disconnect a signal path or demultiplex a signal, do not have an output drive
capability.

Step 6. Check the required package.
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4. Examples of selecting Toshiba’s level shifters

Toshiba offers various level shifters to meet diverse customer requirements.
This section presents examples of how to select Toshiba’s level shifters according to the flow
shown in the previous section. The following subsections detail the selection process for the
eight cases shown in Table 2.

Table 1 Eight scenarios for selecting Toshiba’s level shifters

Signal Translation Voltage translation ranae Number of
Direction Up / Down 9 9 power supply

Case 1 2V(TL) — 505V
Case 2 Arbitrary range from VIH minimum to VOUT maximum ;
(Open-drain) Ex)1.65V —» 55V, 09V - 36V Single
Case 3 - D 2V 5505V 12V ~oea02y
Uni- 072V - 36V
Case 4 Directional Up translation from a voltage lower than is possible with an L- Dual

MOS IC (7UL1T or 7UL2T of the LVP series)
Maximum voltage tolerated by the input to V(opr.)

Case 5 Ex) 5V - 2V, 36V - 09V
Down Arbitrary range from a voltage range tolerated Single
Case 6 by the input (3.6 to 5.5 V) to V(opr.)

(Open-drain) Ex) 55V — 165V, 36V - 09V
Veea € Ve  (Level shifter (Buffer-type))

Case7 EX) A (072V) = B (36V),B (36V) — A (11V)
Bi-Directional  Up/Down Dual
Case 8 Veea € Vg (Level shift bus switch)
EE Ex) A (14V) - B (55V),B (55V) > A (1.65V)
© 2022-2025 13 2025-05-15
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4.1 Case 1: Example of up translation using an IC with a TTL-level input
(unidirectional/single power supply)
Using a logic IC with a single power supply and TTL-level input thresholds (Vin =
2.0Vand Vy =0.8V)
The power supply (Vcc) range is 4.5 to 5.5 V.
Not only buffers and bus transceivers but also gates and flip-flops are available with a
TTL-level input(s).

Step 1. Unidirectional

Step 2. Up translation

Step 3. Level-shifting range: 2 V (TTL) to 5£0.5V

Step 4. Select either a CMOS logic or L-MOS IC according to the number of level-shifting
circuits required.

Step 5. Select an IC with the required propagation delay times from a product list.
When high-speed operation is necessary, select the 74ACHor 74VHCH series.

Step 6. Select the optimum package according to the available board space.

Table 2 Case 1 (up translation, unidirectional, single power supply): 2 V (TTL) to

5+0.5V
Number of . Voltage translation

Product Category Product Name :::c:i:: Package Vec(opr)(V)  Viu(min)(V) Vour(max) (V) grange(\l) toun/te (ns) #1 llonl/lo. (MA)

TC74HCTxxx DIP/SOP/TSSOP 45~55 2 55 255
74HC 1~8 28 6 @Vcc=45V

MOS 74HCTxxx SOIC/TSSOP 45~55 2 55 255
Logic IC 74AC TC74ACTy00¢ 46,8 DIP/SOP/TSSOP 45~55 2 55 255 9 24 @Vcc=45V

TC74VHCTxxx 1~8 DIP/SOP/TSSOP/US 45~55 2 55 255
74VHC 9.5 8 @Vcc=45V

74VHCTxxx 1~8 TSSOP 45~55 2 5.5 255

Voltage translati
Product Category ~ Product Name r Package Vec(opr)(V) Vour(max) (V) ° “f:“g':('::)a O /ten (n5) #1 [lonl/loL (MA)
O”Le'g_a‘e TTLlevel TCTWTxxx 2 SM8 45~55 2 55 2-55 28 6 @Vcc=45V
ogic )

input TC7SETxxx 1 SMV/USV 45~55 2 55 255 119 8 @Vcc=45V

(L-MOS)

#1 Maximum delay times at Vcc(opr.) max, Ta = 85°C, and C, = 50 pF. Functions: CMOS logic IC (244) / L-MOS IC (125)

TTL-level
Input
Vcc =50V
1
Vcc =33V

W/

I EJ Vcc =50V

——— Receiver

LJ Output
| ﬁ11 5.0V
3.3VJ—|_ 77 ||

ov ov

Figure 7 Example of up translation using an IC with a TTL-level input

Driver [
Input

PTTSL
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TOS H I BA Tips for Selecting Level Shifters (Voltage Translation ICs)
Application Note

4.2 Case 2: Example of up translation using an IC with an open-drain
output (unidirectional, single power supply)

Using an open-drain output with an output-tolerant function (power-down

protection)
Step 1. Unidirectional

Step 2. Up translation

Step 3. Level-shifting range: Arbitrary range from Viy minimum to Vour maximum
Examples: 1.65Vto5.5V,09Vto3.6V

Step 4. Select a CMOS logic or L-MOS IC according to the number of level-shifting circuits
required.

Step 5. Select an IC with the required propagation delay times from a product list.

Step 6. Select the optimum package according to the available board space.

If level-shifting from an ultralow voltage (0.9 V) is necessary, select the L-MOS LVP series
(7UL).

Table 3 Case 2 (unidirectional, up translation, single power supply): Arbitrary
range from Viy minimum to Vour maximum

Product Category Product Name N"f“bef of Package Vee(opr.)(V) Vi(min)(V)  Voyr(max)(V) Rortd stetien toiz/teze (NS) #2  |Ionl/IoL (MA)
circuits range (V)
74VHCV05/07 TSSOP 1.8~5.5 1.65 5.5 1.65-5.5
74VHC 8.5 16 @Vec=4.5V
CMOos TC74VHCV05/07 6 Us 1.8~5.5 1.65 5.5 1.65-5.5
Logic IC 74LCX05/07 TSSOP 1.65~5.5 1.65*0.9 5.5 1.555.5
74LCX 4 24 @Vec=3.0V
TC74LCX05/07 us 1.65~5.5 1.65%0.9 5.5 1.555.5
Product Category  Product Name "‘::‘:":' Package Vee(0pr)(V) Vin(min)(V)  Vour(Max)(V) V°'targa‘:‘;;a'(‘3')at'°" toz/tez (NS) #2  |Tonl/Io. (MA)
VHS TC7SHO9 . SMV/USV 2.0~5.5 1.5 5.5 1.5-5.5 8 8 @Vcc=4.5V
One-gate TC75205/07 SMV/USV/ESV/fSV | 1.65~5.5 | 1.65*0.75 5.5 1.355.5 4.5
Logic SHS TC7PZ05/07 2 Usé 1.65~5.5 | 1.65%0.75 5.5 1.355.5 3.9 24 @Vec=3.0V
(L-MOS) TC7WZ05/07 3 uss 1.65~5.5 | 1.65%0.75 5.5 1.35.5 3.9
LvP 7UL1G07 1 usv 0.9~3.6 0.9 3.6 0.9-3.6 12.8/4.1 8 @Vec=3.0V

#2 Maximum delay times at Vcc(opr.) max, T, = 85°C, and C. = 50 pF (30 pF in the case of the 7UL1G).
Functions: CMOS logic IC (05) / L-MOS ICs (05, 07, 09)

Vec= 3.3V Vee=5.0V

Vece=3.3V r Rpul\ J
A ﬂ b

|| a ) Receiver

Driver
Input I_I Output
I | 5.0V
3.3V —|_ d7 | ‘
oV - Input/Output equivalent cirtuit ov

(with Qutput tolerant)

Figure 8 Example of up translation using an IC with an open-drain output (74LCX05)
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TOS H I BA Tips for Selecting Level Shifters (Voltage Translation ICs)
Application Note

4.3 Case 3: Example of up translation using an IC with an LVTTL-level
input (unidirectional, single power supply)
Using an LVTTL-level input
Step 1. Unidirectional

Step 2. Up translation

Step 3. Level-shifting range: TTL/LVTTL input level to Vcc(opr.)
74LVAT: 2V to 5+£0.5V, 1.2V to 2.5+0.2V
7UL1T/2T: 1.2 V to 2.5£0.2 V
Select a product according to the level-shifting range and the logic function
required.

Step 4. Select a dedicated level shifter (74LV series) or an L-MOS IC (7UL1T or 7UL2T of
the LVP series) according to the number of level-shifting circuits required.

Step 5. Select an IC with the required propagation delay times from a product list.

Step 6. Select the optimum package according to the available board space.

Table 4 Case 3 (unidirectional, up translation, single power supply): TTL/LVTTL
input level to Vcc(opr.)

Voltage translation

Product Category Product Name mber Package Veclopr)(V)  Viy(min)(V) Vour(max)(V) range (V) touu/toy, (ns) #3 lloul/1o, (MA)
One-gate TULTTxxx 1 USV/XSON6 23~36 11 36 1136 47/5.0

Logic L 8 @V =33V
(L-MOS) 7UL2Txxx 2 uss8 23~36 11 36 1136 75/5.2

#3 Maximum delay times at Vcc(opr.) max, Viy =1.65V, T, = 85 °C, and C_. = 15 pF.

Voltage translatiol
Product Category Product Name N"T"be.wf Package Vec(opr.)(V)  Vig(min)(V) Vour(max)(V) R UCIEELE to/to (ns) #4 lloul/lo. (MA)
circuits range (V)
45~55 2 55 255 5.6 16 @Vcc=45V
Level Shifter TALVATOX 4 TSSOP/US 30~36 135 36 135736 81 8 @Vec=30V
2.3~27 1.2 27 1227 124 3 @Vcc=23V
1.65~1.95 1 1.95 1195 332 2 @Vcc=1.65V

#4 Maximum delay times at Vcc(opr.) max, Vix minimum, T, = 85 °C, and C_ = 30 pF. Function: CMOS Logic IC (125)

LVTTL level
Input
Vee=3.3V
Vcc =18V H IT DJ VCC =33V
Driver o I—l — I_I — O Receiver
Input 4& I_I '.(_.I'_I_I |_| = # Output
| |._-LI 3.3V
1.8V
oV /7L, v J_—

Figure 9 Example of up translation from ultralow voltage using an IC with an LVTTL-
level input (7UL1T34)
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4.4 Case 4: Example of up translation using a dedicated level shifter IC
(buffer-type) IC (unidirectional, dual power supplies)

Step 1. Unidirectional

Step 2. Up translation

Step 3. Level-shifting range: V4 minimum to 3.6 V
Up translation from a voltage lower than is possible with an L-MOS IC (7UL1T or
7UL2T of the LVP series)

Step 4. Select a dedicated level shifter IC (TC7SP/SPN or TC7WP/WPN) according to the
number of level-shifting circuits required.

Step 5. Select an IC with the required propagation delay times from a product list.

Step 6. Select the optimum package according to the available board space.

Table 5 Case 4 (unidirectional, up translation, dual power supplies: Vin minimum to
3.6 V)

imber of Voltage translation
s z‘m = toun/ o, (ns) #5 Jloul/lox (ma)

TCISP3125 22 12 @Veea=11V, Vew=30V
| —— 1 UF6 1.65~3.6
N TC7SPN3125 29 3 @Vew=11V, Vae=30V

Level Shifter \ 1.1~27 Veen*0.65 36 07236

Product Category  Product Name  enss Veaa(V) Veea(V) Vis(min) (V) Vour(max)(V)

TCTWP3125
[ Terwenzizs

22 12 @Vea=1.1V, Vea=30V
29 3 @Vea=11V, V=30V

1.65~3.6

#5 Maximum delay times at Vcc(opr.) max, Vix minimum, T, = 85 °C, and C. = 30 pF

VCCA =18V VCCB =33V

- A

Vcc= 1.8V __J___ Vcc= 3.3V

I--J---I
I

A -’

i
I | |
: I I Level I | .
Device A T Do—,— Logic —,—Do—,—o— Device B
Input | 1 | Converter |y 1 | Output
I

oy f——p——— ' g — 3.3v_|—
Figure 10 Example of up translation using a dual-supply dedicated level shifter IC
(TC7SP3125)
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4.5 Case 5: Down translation using an IC with an input-tolerant function

(unidirectional, single power supply)
Using a CMOS logic or L-MOS IC
Step 1. Unidirectional
Step 2. Down translation
Step 3. Level-shifting range: Maximum voltage tolerated by the input to Vcc(opr.)
Step 4. Select a CMOS logic or L-MOS IC according to the number of level-shifting circuits
required.
Step 5. Select an IC with the required propagation delay times from a product list.
Step 6. Select the optimum package according to the available board space.

Table 6 Case 5 (unidirectional, down translation, single power supply): Maximum
voltage tolerated by the input to Vcc(opr.)

Number of Input Voltage translation

Product Category Product Name s Package Vec(opr.) (V) tolerant(V) range (V) tou/tow, (ns) #6 |loul/lor (MA)
TC74VHCXxx DIP/SOP/TSSOP/US 2~5.5 5.5 5.5-2
1~9 10 @Vc=3.3V, CL=15pF | 8 @Vcc=4.5V
Javhe 74VHCxxX SOP/TSSOP/US 2~5.5 5.5 5.5-2
TC74VHCV*** TSSOP/US 1.8~5.5 5.5 5.5-1.8 10 @Vcc=3.3 V, CL=15 pF
4~8 16 @Vcc=4.5V
CMOs ZAVHCV*** TSSOP/US 1.8~5.5 5.5 5.5-1.8 15 @Vc=2.3V, CL=15 pF
Logic IC 8.5 @Vcc=2.3 V, CL=30 pF
74LCX | TC74LCX*** 1~16 SOP/TSSOP/US 1.65~3.6 3.6 3.6-1.65 : = a3V EEmOP 5y @Vee=3.0V
/ / 25 @Vcc=1.65 V, CL=30 pF @Vec
4.2 @Vcc=2.3V, CL=30 pF
*ok ok ~ ~, — =
74VCX | TC74VCX 1~16 TSSOP/US 1.2~3.6 3.6 3.6-1.2 42 @Vea12V, CL15 pF 24 @Vcc=3.0V

#6 T, = 85°C, Function: CMOS logic IC (244)

ber of Input Voltage translation
Product Category  Product Name  Mbe¢ Package Veclopra) (V) tolm"nt - r:nge o toulto, (ns) #7 lloul/le, (MA)
TC7SHuxx 1 SMV/USV
VHS e =3 ST 2.0~5.5 5.5 5.5-2 9.5 @Vee=33V, CL=15pF | 8 @Vee=4.5V
xx 2,
TC75Z300x 1 USV/ESV/fSV 1.65~5.5 55 5.5-1.65 11.5 @Vec=1.65V, CL=15 pF
One-Gate 8 @Vc=2.3V, CL=15pF
togic | sHS | TC7PZxx 2 us6 1.65~5.5 5.5 550165 |10 @VecTLOSV CLEISPEY o) Gy —30v
(L-MOS) 7 @Vee=23V, CL=15 pF
- 11.5 @Vece=1.65V ,CL=15 pF
TCTWZx00x 3 SMB/USS 1.65~5.5 5.5 5.5-1.65 3 e s e
LvP FUL1G00 1 USV/XSON6 0.9~3.6 36 3.6-0.9 71 Vee=165V, CL=15 PR g oy =30V
5 Vee=2.3 V, CL=15 pF

#7 T, = 85°C, Functions: TC7PZ(04) for L-MOS, 125 for the other series

Number of Input Voltage translation

Product Category Product Name circuits Package Vec(opr.) (V) tolerant (V) range (V) tou/tey (ns) #8 |lonl/lo. (MA)
4.5~5.5 5.5-4.5 5.6 16 @Vcc=4.5V
. 3.0~3.6 5.5-3.0 8.1 8 @Vcc=4.5V
Level Shifter 74LV4TXxXX 4 TSSOP/US 5.5
2.3~v2.7 5.5-2.3 12.4 3 @Vcc=2.3V
1.65~1.95 5.5-1.65 33.2 2 @Vcc=1.65V

#8 Maximum delay times at T, = 85°C and C. = 30 pF, Function: Level-shifter (125)

With Input tolerant

Vcc =33V
I

7

Driver p—— : |_| —— Receiver
Input |_| Output
5.0V :LI | I(:LI
77 3.3V
L wd L
Figure 11 Example of down translation using an IC
with an input-tolerant function(TC7SZ34)

VCC =50V VCC =33V
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4.6 Case 6: Example of down translation using an IC with an input-tolerant
function and an open-drain output (unidirectional, single power supply)
Using a CMOS logic or L-MOS IC with an input-tolerant function and an open-drain

output
Step 1. Unidirectional

Step 2. Down translation

Step 3. Level-shifting range: Arbitrary range from a voltage range tolerated by the
input (3.6 to 5.5 V) to Vcc(opr.)
« If level-shifting from an ultralow voltage (0.9 V) is necessary, select the L-MOS

LVP series (7UL1GO07).

Step 4. Select a CMOS logic or L-MOS IC according to the number of level-shifting
circuits required.

Step 5. Select an IC with the required propagation delay times (tp.z and tpz.) from a
product list.

Step 6. Select the optimum package according to the available board space.

Table 7 Case 6 (unidirectional, down translation, single power supply): Arbitrary
range from a voltage range tolerated by the input (3.6 to 5.5) to Vcc(opr.)

Number of Input Voltage translation
Product Category  Product Name ;o' ¢ Package Vec(opr.) (V) mler:nt(v) :mge 0 touu/ton, (ns) #9 llonl/lor. (MA)
74VHC03 TSSOP 0 T, = 85°
4 13 @Vce=3.3 V, CL=50 pF
TC74VHCO3 SOP/US
2~5.5 5.5-2 8 @VCC=4.5V
74VHC05/07 6 TSSOP
74VHC 12 @Vce=3.3 V, CL=50 pF
cMoS TC74VHC05/07 SOP/US 55
Logic IC 74VHCV05/07 TSSOP '
1.8~5.5 5.5-1.8 18/15 @Vcc=2.3 V, CL=30 pF| 16 @Vcc=4.5V
TC74VHCV05/07 us
74LCX05/07 TSSOP 13 @Vce=2.3V ,CL=30 pF
74LCX 1.65~5.5 5.5-1.65 24 @Vec=4.5V
TC74LCX05/07 us 26 @Vcc=1.65V, CL=30 pF
Number of Input Voltage translation
Product Category Product Name —— Package Vcc(opr.) (V) tolerant (V) range (V) tou/tow (ns) #10 |loul/lor (MA)
VHS TC7SH09 . SMV/USV 2.0~5.5 5.5 5.52 8.5 @Vcc=3.3V,CL=15pF | 8 @Vcc=4.5V
One-Gate TC75205/07 SMV/USV/ESV/fSV | 1.65~5.5 5.5 11 @Vcc=1.65V, CL=50 pF
Logic SHS TC7PZ05/07 2 Us6 1.65~5.5 5.5 5.5-1.65 24 @Vec=4.5V
10.5 @Vcc=1.65V, CL=50 pF
(L-MOS) TC7WZ05/07 3 us8 1.65~5.5 5.5
LvP 7UL1G07 1 usv 0.9~3.6 3.6 3.6-0.9 10.5/7.9 @Vcc=1.65V,CL=15pF | 8 @Vcc=3.0V
_ Vcc
Vee= 3.3V
Fa"
A
Vcc =50V Rpull
™ £
A4 ~r
- L | | -
Driver o ::I— » Receiver
Input 45 Output
5.0V | |
J_L VCCJ_
ov equivalent circuit (With output tolerant) ov —

Figure 12 Example of down translation using an IC with an input-tolerant function
and an open-drain output (74VHCVO05)
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Application Note

4.7 Case 7: Example of up/down translation using a dual-supply bidirectional
level-shifting bus buffer

Using a dual-supply bidirectional bus buffer or a dedicated level shifter IC (buffer-

type)

Toshiba provides dual-supply bus buffers that incorporate a level shifter and an output buffer

with a drive capability.
These bus buffers allow the signal direction to be changed via the DIR input pin.
Step 1. Bidirectional
Step 2. Up/down translation
Step 3. Level-shifting range: Vcca © Vees
Step 4. Select a product according to the number of level-shifting circuits required.
Dual-supply bidirectional bus buffers
* The TC74LCX163245 and TC74LCX164245 are available in versions called the
TC74LCXR163245 and TC74LCXR164245, which incorporate an internal 26-Q output
series resistor to reduce ringing.
The TC74LCXR163245 and TC74LCXR164245 have half the drive capability of the
TC74LCX163245 and TC74LCX164245.
TC74LCX163245: Ioyta = £24 mA minimum, Ioyte = £24 MA minimum (Vcca = 4.5V, Vces = 3.0 V)
TC74LCXR163245: Ioyta = £12 mA minimum, Iouts = £12 MA minimum (Vcca = 4.5V, Vees = 3.0 V)
Dedicated level shifter ICs (buffer-type)
» The TC7MP3125 is available in a version called the TC7MPN3125, which has a
reduced drive capability to suppress ringing.
TC7MP3125: Iona/lota = £3 mA minimum, Ions/Iots = £12mMA minimum (Vcea = 1.65 'V, Vees = 3.0 V)
TC7MPN3125: Iona/Iota = 3 mA minimum, Ions/Iote = £3 mMA minimum (Vcca = 1.8 V, Vees = 3.0 V)

* The 74AVC series can convert between 0.8V and 3.6V. You can choose the circuit

configuration and whether to include the bus-hold function.
74AVC series : Iona/Ioia = £6 mMA (Min) . Ions/Ios = £12 mA (Min)  (Vcca=1.8 V, Vees = 3.0 V)
Step 5. Select an IC with the required propagation delay times (trin and teu) from a
product list.
Step 6. Select the optimum package according to the available board space.

Table 8 Case 7: A dual-supply bidirectional bus buffer or a dedicated level shifter IC
(bidirectional, up/down translation, dual power supplies: Vcca © Vccs)

Product  Number of Voltage translation  Supply Voltage
ircuits

Product Category Package Viua(min)(V] Veea(V)  Viua(min)(v) touu/tou (ns) @Ta=85T 1Toul/Io. (mA)

Inpu
tolerant (V)

Name range (V) Condition
Veea=5.0£0.5, Vees=2.5+0.2 24 (A port/B port)
TC7ALEX163245FT 155 5 23036 i 5.52.3 (A=B) Vo> A—=B (9.0) 30 pF, B>A (8.0) 50 pF Veea=4.5 V, Veeg=3.0 V
TC74LCXR163245FT] T o ' 1755 (B=A) e Veer=5+0.5. Veen=2.5%0.2 12 (Aport/8 port)
A—B (9.5) 30 pF, B>A (9.0) 50 pF Veea=4.5 V, Veep=3.0 V
74LCX 16 TSS0P 5.5
1C74LCX1642456T Veer=2.5%0.2, Veeg=5%0.5 24 (A port/B port)
- i a5ess ) 1.7-25.5 (A=B) VeV, A=B (9.0) 50pF, B—A (8.4) 30pF Veea= 4.5V, Veep=3.0V
TC74LCXR164245ET] T ’ i 5.52.3 (B=A) coamec Veea=2.5%0.2, Veeg=5%0.5 12 (A port/B port)
A—B (10) 50 pF, B>A (9.0) 30 pF Veea=4.5 V, Veep=3.0 V
cca=3.320.3. Vecg=1.8%0.
TC74VCX163245FT 23~3.6 16 1.65~2.7 | Veep*0.65 3.6-1.65 (A—=B) Veer> Ves Veea=3:3+0.3, Veeg=1.820.15 24 (A port/B port)
o |1 o | tld e ta e | vaotutacty
—=3.6 (A= e Vo= o po
TC74VCX164245FT 1.65~2.7 | Veea®0.65 | 2.3~3.6 1.6 Veea<Vec cos s
o 3.6-1.65 (B=A coam e A—B (5.5) 30pF. B—=A (7.1) 30pF Ve =23V, Vers=3.0Y
coa= 1B cu=3.35
gt Vo | G 1 B
4 [TSSOP/US 1.1~27 | 1.1%0.65 | 1.65~3.6 | 1.65%0.65 26 B) Veea<Vecs Sy ';5’ v Ez v 3" S oot 3 B
TCTMPN3125 3.61.1 (B=A) cea™ » Vees= po po
| A—B (14.8) 30 pF, B=A(8.9) 15 pF Veca=1.65 V, Vep=3.0 V
Level - = = = -
1.65%0.8—5.5 (A—~B) Veea<Veer Veea=1.840.15, Veep=3.3£0.3 4 (AR-F) /32 (BRk-F)
~ - ~ ™ cer<Vee e e
Shifter |74LVC2T45FK 2 US8 | 1.65%5.5| Veea™0.8 | 1.65v5.5 | Vees*0.8 5.5 550165 (BoA) v BB (124) 15 pF. Bon(13.0) 15 BF | Veoued 65 V. Verund 5 V
74AVCAT245FT 0.870.70-36 (As
Veea<Vees Veea=1.8£0.15, Veg=3.3%0.3 6 (APort) /12 (B Port)
74AVCHAT245FT 4 TSSOP | 0.8~3.6 | 0.8%0.70 | 0.8~3.6 | 0.8*0.70 36 B
Veeas Ve A—=B (4.8) 15pF.B=A(43) 15pF | VCCA=1.65V.VCCB=3.0 V
74AVCAT345FT 3.6-0.8 (B—=A) : P ( P
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Application Note

VCCA =18V VCCB =33V

N N

Vcc =33V

Vcc= 1.8V i-= I___ I__j__-
O |
| |
) | Level
Device A — Logic
Input/ | ) Converter |
Output | | I '
—F
1.8V
v L

TC7MP3125 (quarter of the entire circuit)

Input/
Output

A

Device B

3.3 VJ—
ov

Figure 13 Case 7: Example of up/down translation using a dual-supply bidirectional
dedicated level shifter IC (buffer-type) (TC7ZMP3125)
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4.8 Case 8: Example of up/down translation using a dual-supply level shift
bus switch

Using a dual-supply level shift bus switch

Toshiba provides dual-supply level shift bus switches that perform level shifting via an
external pull-up resistor.
These bus switches can be used to interface between two voltage domains without the
need for controlling the signal direction (DIR).
Bus switches are suitable for I°C applications. Single-pole single-throw (SPST) and single-
pole double-throw (SPDT) bus switches are available. For level-shifting, bus switches
require that Vcca be lower than Vecs.
In addition, an appropriate pull-up resistor should be selected since steady-state current
flows through the pull-up resistor. The IC draws more current when it drives a logic Low
than when it drives a logic High. Since the output rise time is affected by the pull-up resistor,
it differs from the output fall time.
Step 1. Bidirectional
Step 2. Up/down translation
Step 3. Level-shifting range: Vcca © Vecs
Step 4. Select a product according to the number of level-shifting circuits required.
Application example: Up/down translation (Vcca = 1.65t0 5.0 V& Veeg = 2.3 10
5.5V)
As SPST bus switches, the TC7SPB9306 with the active-High OE input and the
TC7SPB9307 with the active-Low /OE input are available.
Multi-bit bus switches are also available.
The TC7WPBxxx are 2-bit bus switches, the TC7QPBxxx are 4-bit bus switches,
and the TC7MPBxxx are 8-bit bus switches.
As SPDT bus switches, the TC7MPB9326 with the active-High OE input and the
TC7MPB9327 with the active-Low /OE input are available. Both the TC7MPB9326
and TC7MPB9327 are two-bit bus switches.
Step 5. Select an IC with the required propagation delay times (triz and tpz) from a
product list.
Step 6. Select the optimum package according to the available board space.

Table 9 Case 8 Dual-supply level shift bus switches
(bidirectional, up/down translation, dual power supplies: Vcca © Vccs)

Input/Output
Product Number of Characteristics ~ Voltage translation Supply voltage

Product Category Package Ve (V) Ve (V) tpz/tez. (ns) @Ta=85°C

Name circuits (translating up) range (V) condition
TC7MPB9307 | SPST
TC7MPB9326 8
SPDT
TC7MPB9327 TSSOP/US Veor=3.340.3. Vey=540.5
TC7QPB9306 1.4@Vcca=1.65 - =
DLuaI Tuf‘pflty Q . U 20@ \c/cA L rass aom | L 11/9 @RL=1k Q,CL=30 pF
evel shift - Ir70pR9307 B5~50 | 23755 | 205@Veen=23 | oo 1o gy | Voor<Vees
Bus Switch TC7WPB9306 3 2.7@Vcea=3.0 Veea=2.5+0.2, Veep=5+0.5
SPST uss 15/13 @RL=1 kQ,CL=30 pF
TC7WPB9307 2
TC7SPB9306 1
UF6
TC7SPB9307 1
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VCCA = 1.8 V ,l\ A VCCB = 5.0 v
Rpu]]up'A | | Rpunup,B J‘
Gate level
) OE controller U
1 Input A J— Input B 1
Driver o— o—>s o Receiver
Recommendation ——- Veeg=50V
1.8V © 5V (Veea<Vees)
SPST : TC7SPB9306, TC7SPB9307 {7~ 777 Veea=18V

Line-up multiple circuits as follows
(TC7WPB, TC7QPB, TC7MPB)

SPDT : TC7MPB9326, TC7MPB9327 Output Waveform

— = = - Input Waveform

Figure 14 Example of voltage translation (Case 8: Dual-supply level-shifting bus
switch)
As a reference, the measured waveforms of a dual-supply level shift bus switch are shown
below.

#Dual supply level shifter switch (translation waveform)
Veea
Target product : TC7SPB9307

Measure condition : CL=30 pF. Rpull=1 kQ (A-port, B-port)
Input PG (Pulse Generator) tr=tf=3 ns

1.VCCA (1.65V) & VCCB (5.5V)

2.VCCA (2.3V) & VCCB (5.5V)

Gate level
[~ controller

c c
3.VCCA (3.0V) © VCCB (5.5 V) + el +
TC7SPB9307
7 7 7
6 6 6
5 5 5
- / < / s /
%4 / ‘—A]\ﬁ %4 / ‘—A)\?] %4 ‘_A)\jj
o 3 23 23
£ | |—siin 8 A |—sin 8 |—siin
g 2 1 g 2 I' g 2
1 | 1 I 1
0 0 0
-1 -1 -1
-250 -50 150 350 550 750 -250 -50 150 350 550 750 -250 -50 150 350 550 750
time(ns) time(ns) time(ns)
Vcea = 1.65 V, Veeg = 5.5V Veea = 2.3 V, Veeg = 5.5V Veea = 3.0 V, Vceg = 5.5V

Measured waveforms when a signal flows from A to B (The B port is pulled up to Vccs with

a resistor.)
: : ‘
5 5 i 5
% 4 [—8rn § 4 [—8rn % N [—ern
53 | —atn 53 ‘—Atﬁ?]‘ 53 | —ain
2 g2 g2
1 1 1
0 0 ke 0
* -250 -50 150 350 550 750 * -250 -50 150 350 550 750 ! -250 -50 150 350 550 750
time(ns) time(ns) time(ns)
Veeca= 1.65V, Veccg = 5.5V Veeca= 2.3V, Vees = 5.5V Veeca= 3.0V, Veeg= 5.5V
Measured waveforms when a signal flows from B to A (The A port is pulled up to Vcca with
a resistor.)
Figure 15 Example of level-shifting using a dual-supply level shift bus switch
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5. Application examples

5.1 Replacing discrete MOSFETs with a dedicated level shifter

A level shifter can be built as shown below using two inexpensive MOSFETSs. (A single MOSFET
suffices if logical inversion is permitted.)

Vces

VCCA VCCB

O O
2 U

Vour J Vin
Driver Receiver
7 77

In this case, however, you need to select appropriate MOSFETs and pull-up resistors in order

to satisfy the required specifications (input threshold, output voltage, propagation delay times,
etc.). In contrast, level shifters simplify parts selection since their specifications are prescribed
in datasheets for each supply voltage supported. It is recommended that dedicated level
shifters be used for small applications.

5.2 Level-shifting for various interfaces (SPI, UART, I%C, etc.)

It is possible to interface between two devices using a specific protocol if they have the same
signal levels.

It is recommended, however, that a level shifter be used if two devices operate at different
supply voltages.

Table 10 Level-shifting for various industry-standard interfaces (recommended
products)

Interface | Number Sigan direction Signal speed Recommendati
standard of S|gna| g g p on

: : TC7MPxx
TX (Device A — Device B)
. . TC7MPNxx
a RX (Device A < Device B) 9600bps, 115200bps (Standard) TC70PBxx
RTS (Device A — Device B) (Max : 1Mbps appoximately)
: . TC7MPBxx
CTS (Device A < Device B)
74AVCxxX
UART
TC7MPxx
. . TC7MPNxx
TX (Device A — Device B) 9600bps, 115200bps (Standard)
2 RX (Device A < Device B) (Max : 1Mb imately) TC7QPBxx
evice evice ax : s appoximate
B Ehp i TC7WPBxx
74AVCxx
Standard-mode(Sm) : 100kbps
TC7WPBxx
: Fast-mode (Fm) : 400 kbps (Max)
SCL (Main — Sub) TC7QPBxx
12C 2 . Fast-mode Plus (Fm+) : 1Mbps (Max)
SDA (Main & Sub) : TC7MPBxx
High-speed (Hs-mode) : 3.4Mbps(Max)
74AVCxx
Ultra Fast-mode (UFm) : 5Mbps(Max)
TC7MPxx
MISO (Sub — Main) TC7MPNxx
MOSI (Main — Sub) 7UL1G/T34
SPI 4 . Several Mbps
SCL (Main — Sub) TC7QPBxx
SS (Main — Sub) TC7MPBxx
74AVCxx
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5.2.1 Example of level-shifting for a four-line UART interface

Veea = 1.8V Ve = 3.3V
Veea = 3.3V Vees = 3.3V l l
N ~
~ TX »| RX ~ ~ T RX ~
RX |t T RX T.I;:CTMMPFEHS T
DeviceA ___[C ... Device B Device A ___ ] <re Device B
Ll 74AVCHAT245
cTS : CcTS CTS CTS

Figure 16 Example of level-shifting for a four-line UART interface

Suppose, for example, that you want to reduce the supply voltage of Device A from 3.3 V to
1.8 V. However, when Vcca = 1.8 V, the output voltage (Vour) of the TX and RTS pins of
Device A becomes lower than the input threshold (Vi) of Device B, causing it to malfunction.
In addition, the output voltage of the TX and CTS pins of Device B becomes higher than the
supply voltage of Device A, possibly causing damage to Device A.

In this case, level-shifting can be easily accomplished by inserting a level shifter between
these two devices.

In the above case, the TC7MP3125 or TC7MPN3125, 74AVCAT245FT, 74AVCT4T245FT bus
transceiver is ideal since they allow the signal direction to be controlled per group of two bits.
Moreover, these bus transceivers do not require any external part.

Visit the following URLs to view or download their datasheets:
TC7MP3125 : 2-Bit x 2 Dual Supply Bus Transceiver
TC7MP3125FT Package (TSSOP16B)
TC7MP3125FK Package (US16)
TC7MPN3125 : 2-Bit x 2 Dual Supply Bus Transceiver
(Low noise type by reducing B port drive capability)
TC7MPN3125FT Package (TSSOP16B)
TC7MPN3125FK Package (US16)
74AVCAT245FT : 2-Bit x 2 Dual Supply Bus Transceiver
74AVCAT245FT Package (TSSOP16B)
74AVCHAT245FT : 2-Bit x 2 Dual Supply Bus Transceiver with Bushold
74AVCH4T245FT Package (TSSOP16B)
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5.2.2 Example of level-shifting for a two-line UART interface

Example 1: Using a dual-supply level shift bus switch

Veea=1.8 V Ve=3.3 V
Rpuiipa Rpullup'Bﬁ
T RX
Vea=3.3 V Ves=33 V TS506 i
Piy O Device A o Device B
TX RX - 9307 %
Device A Device B

RX X

Veea=1.8V Veeg=3.3V
T A

A
7UL1T34

X RX

Device A Device B

RX X

O
7UL1G34

Example 2: Using an L-MOS (7UL1T/7UL1G)
Figure 17 Example of level-shifting for a two-line UART interface

Suppose, for example, that you want to reduce the supply voltage of Device A from 3.3 V to
1.8 V. However, when Vcca = 1.8 V, the output voltage (Vout) of the TX pin of Device A
becomes lower than the input threshold (V1) of Device B, causing it to malfunction. In
addition, the output voltage of the TX pin of Device B becomes higher than the supply
voltage of Device A, possibly causing damage to Device A.

In this case, level-shifting can be easily accomplished by inserting a level shifter between
these two devices.

Example 1: The TC7WPB9306 or TC7WPB9307, which allows level shifting in both directions,
is the best choice. However, these bus transceivers require external pull-up resistors to pull
the output signals to the Vcc level.

Example 2: The 7UL1T34 is ideal for up translation (from 1.8 V to 3.3 V) whereas the
7UL1G34 is ideal for down translation (from 3.3 V to 1.8 V).

Visit the following URLs to view or download the datasheets for these bus/buffer
transceivers:

TC7WPB9306FK : 2-Bit Dual-Supply Bus Switch (Control input: OE) , Package (US8)
TC7WPB9307FK : 2-Bit Dual-Supply Bus Switch (Control input: OE) , Package (US8)
7UL1T34FU : Non-Inverter with Level Shifting, Package (USV)

7UL1T34NX : Non-Inverter with Level Shifting, Package (XSONG6)
7UL1G34FU : Non-inverter, Package (USV)
7UL1G34NX : Non-inverter, Package (XSONG6)
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5.2.3 Example of level-shifting for an I°C interface

Veea = 3.3V Veee = 3.3V Veea = 1.8V Vees = 3.3V
00 ] 004400
SCL | scL SCL TC7WPB »{ ScL
Main Sub 1 Main RIS Sub 1
SDA | sDa SDA | P SDA

o Ao
~ A
»| scL L scL
Sub 2 Sub 2
»l <oa p sDA

Figure 18 Example of level-shifting for an I°C interface

Suppose, for example, that you want to reduce the supply voltage of the master device from
3.3 Vto 1.8 V. However, when Vcca = 1.8 V, the output voltage (Vour) of the SCL and SDA
pins of the master device becomes lower than the input threshold (Vin) of the slave devices,
causing them to malfunction. In addition, the output voltage of the SDA pin of the slave
devices becomes higher than the supply voltage of the master device, possibly causing
damage to the master device.

In this case, level-shifting can be easily accomplished by inserting a level shifter between the
master and slave devices.

In the above case, the TC7WPB9306 and TC7WPB9307FK is ideal.

External pull-up resistors (of the order of 1 kQ) are required to pull up the outputs to the Vcc
level.

Visit the following URLs to view or download the datasheets for the TC7WPB9306 and
TC7WPB9307 bus transceivers:

TC7WPB9306FK : 2-Bit Dual-Supply Bus Switch (Control input: OE) , Package (US8)
TC7WPB9307FK : 2-Bit Dual-Supply Bus Switch (Control input: OE) , Package (US8)
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5.2.4 Examples of level-shifting for an SPI interface

Example 1 : Reducing the Vcca

Vcea = 3.3V Vees = 3.3V Vcea = 1.8V Veeg = 3.3V
O O O
SCL »| SCL SCL »| SCL
i MOSI »| MOSI . MOSI »1 MOSI
Maln MISO |¢ MISO Sub Maln MISO |« 74AVCAT345 MISO SUb
SS »| SS SS p| SS
Example 2 : Reducing the V¢cs
Veea = 3.3V Vees = 1.8V
SCL : Clock signal O o
MOSI : Main transfer data oo > vost
MISO : Main receive data Main o le—] 74AVeaT3a5 mso  Sub
SS : Sub select signal ss » ss

Figure 19 Examples of level-shifting for an SPI interface

Example 1: Suppose, for example, that you want to reduce the supply voltage of the master
device from 3.3 V to 1.8 V. However, when Vcca = 1.8 V, the output voltage (Vour) of the
SCL, MOSI, and SS1 to SS3 pins of the master device becomes lower than the input
threshold (Viv) of the slave devices, causing them to malfunction. In addition, the input
voltage of the MISO pin of the master device becomes higher than its supply voltage,
possibly causing damage to it. In Example 1, level-shifting can be easily accomplished by
inserting level shifters between these master and slave devices.

Example 2: Suppose, for example, that you want to reduce the supply voltage of the slave
devices from 3.3 V to 1.8 V. However, when Vceg = 1.8 V, the output voltage (Vour) of the
MOSO pin of the slave devices becomes lower than the input threshold (Vis) of the master
device, causing it to malfunction. In addition, the output voltage of the SCL, MOSI, and SS1

to SS3 pins of the master device becomes higher than the supply voltage of the slave
devices, possibly causing damage to them. In Example 2, level-shifting can be easily

accomplished by inserting level shifters between the master and slave devices.

For this type of SPI-based level translation, the 74AVC4T345, which allows independent
control of signal direction for 1-bit and 3-bit signals, is ideal.

Visit the following URLs to view or download the datasheets for bus transceivers:

74AVCAT345FT : 3-Bit+1-Bit Dual-Supply Bus Transceiver. Package (TSSOP16B)
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Conclusion

This application note has discussed how to select level shifters (voltage translation ICs).

In some cases, CMOS logic ICs with a TTL-level input or an open-drain output provide
level-shifting without using costly level shifters. It is therefore important to select the
optimum device, taking available board space and part costs into consideration.

We hope that you have found this application note useful in considering the use of
Toshiba’s level shifters.

To parametrically search Toshiba level shifter ICs — Click Here
To view FAQs on Toshiba's level shifter ICs — Click Here
To view e-learnings on Toshiba's level shifter ICs — Click Here
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Appendix Lists of products and packages

Lists of Toshiba’s level shifters

List of level shifters #1 (unidirectional, up translation)
List of level shifters #2 (unidirectional, down translation)
List of level shifters #3 (bidirectional, up/down translation)
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Toshiba’s Level Shifters Line-up #1 (Unidirectional - Up translation)

Utilize
TTL-Input
Vce=4.5 -5V)

Utilize
Open-Drain
+ Output tolerant

Utilize
LVTTL-input
(VCC=2.3-3.6V)

Utilize
TTL/LVTTL-input
(VCC=1.65-5.5V)

Dual Supply

Number of

Voltage translation

Product Category ~ ProductName o Package Vedopr)(V)  Viu(min) (V) Vour(max)(V) range(V) tan/tay (ns) #1 lloul/lor (mA)
TCT4HCTox DIP/SOP/TSSOP 4.5~5.5 2 5.5 2355
T4HC 1-8 28 6 @V=45V
cvos 74HCTrox SOIC/TSSOP 4.5~55 2 5.5 255
logic Ic L_TAC_|TCT4ACT:xx 468 DIR/SOP/TSSOP 4.5~5.5 2 5.5 255 9 24 @V =4.5V
ic
K TCT4VH CToox 1-8 DIP/SOP/TSSOP/US 4.5~55 2 5.5 255
TAVHC 9.5 8 @V=45V
TAVHCTiox 1-8 TSSOP 4.5~5.5 2 5.5 2355
Voltage translation
Product Name Vecdlopr) (V) Viy(min) (V) Vour(max)(V) fange(\n tou/ten (ns) #1 |loul/1or (MA)
One-gate | o [TcrwTiox 2 SM3 4.5~5.5 2 5.5 255 28 6 @Vc=45V
Logic
(LMOS) input | TCTSETm0c 1 SMV/USY 4.5~5.5 2 5.5 2355 19 8 @V =45V
#1: max value at Vec(opr.) max, Ta=85 C, CL=50 pF, Function : CMOS logic 1C(244)/L-M0OS(125)
Number of i
Product Category  Product Name  NUmber o Package Vec{opr.)(V) Vin(min)(V)  Vour(max}(V) V°'targ‘:‘;r:["f']at'°" toz/ten (ns) #2  |Tou|/Tov (mA)
74VHCV05/07 TSSOP 1.8~5.5 1.65 5.5 1.65-5.5
74VHC 8.5 16 @Vec=4.5V
cMos TC74vHCVOS/07 o us 1.8~5.5 1.65 5.5 1.65-5.5
LogicIC 74LCX05/07 TSSOP 1.65~5.5 1.65%0.9 5.5 1.55.5
74LCX 4 24 @Vec=3.0V
TC74LCX05/07 us 1.65~5.5 1.65%0.9 5.5 1.5-5.5
Product Category  Product Name oo Of Package Vec(opr.)(V) Vm(min)(V)  Vour(Max)(V) REllooiEansiotion teiz/ten (NS) #2  |Ion|/IoL (MA)
circuits range (V)
VHS [TC7sHO9 . SMV/USV 2.0~5.5 1.5 5.5 1.55.5 8 8 @Ver=4.5V
One-gate TC75205/07 SMV/USV/ESV/fSV 1.65~5.5 1.65%0.75 5.5 1.3-5.5 4.5
Logic SHS |TC7PZ05/07 2 Us6 1.65~5.5 1.65%*0.75 5.5 1.35.5 3.9 24 @Vcc=3.0V
(L-MOs) TC7WZ05/07 3 uss 1.65~5.5 1.65%0.75 5.5 1.3—5.5 3.9
P [7uLiGo7 1 usv 0.9~3.5 0.9 3.6 0.9-3.6 12.8/4.1 8 @Ver=3.0V

Number of

#2: max value at Vcc(opr.)max, Ta=85 C,

CL=50 pF (7UL1G:30pF), Function : CMOS logic IC(05)/L-MOS(05,07,09)

Voltage translation

Product Category  Product Name - Velopr)(V)  Vig(min)(V)  Voyr(max)(V) tolto () #3 [lgullo, (MA)
draiits range (V)

One-gate TULITxx 1 USV/XSONG 23-36 1.1 36 1136 47/5.0
Logic e 8 @Ve=33V

(LMOS) TUL2Txx 2 Uss 23-36 1.1 36 1136 7.5/5.2

#3: max value at Ve (opr.)max, Viy=1.65 V, Ta=85C, CL=15 pF, Function : L-MOS(125)
] Voltage translation

Product Gategory  Product Name  Mmber of P Veloprd(V) Vi mind(V) Vo (max) (V) f_fﬂge o Gl (0) #4 I /1, (A
4.5-5.5 2 5.5 2-5.5 5.6 16 @V =45V
Level Shifter 7ALV4To0x 4 TSSOP/US 20~36 133 38 13572368 &1 8 @V =3.0v
23-27 T2 27 12527 724 3 @V, =23V
1.65-1.95 [ 795 1195 332 2 @V =165V

Product Category

Level Shifter

#4:max value at Vg (opr.)max, Viq(min), Ta=85 °C, CL=30 pF, Function : CMOS logic IC(125)

Product Name Vi (mir) (V)
TCTSP3125
1 UF6 1.65~36
TCTSPN3125
1127
TCTWP3125
2 uss 1.65~36
TC7TWPN3125

Vee,"065 36

Voltage translation

Vo (maxd(V) range (V)

0.72—356

tou/tey, (ns) #5

loul/1o, (mA)

22 12 @Vaa=11V V=30V
29 3 @Vea=11V Ve=30V
22 12 @Vera=11 V. Ves=3.0V
29 3 @Vera=1.1 V. Vee=30V

#5: max value at Vcc (opr.)max, Vis(min), Ta=85 C,CL=30 pF
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Toshiba’s Level Shifters Line-up #2 (Unidirectional- Down translation)

Single Supply
Number of Input Voltage translation
Product Category Product Name circuits Package Vdopr) (V) tolerant(V) ] tou/toy, (ns) #6 Houl/ 1o (mA)
TC74VHCXX DIP/SOP/TSSOP/US 2~5.5 5.5 5.5-2
1~9 10 @V-=3.3V,CL=15pF 8 @Vec=4.5V
Savhe 74VHCOXXX SOP/TSSOP/US 2~55 5.5 5.5-2
TC74 e T P, 8~5, o . o =3, =
C7 VHCVV g SSOP/US 1.8~5.5 5.5 5.5-1.8 10 @Vc=3.3V,CL=15pF 16 @V =4.5V
MOs FAVHOV*** TSSOP/US 1.8~5.5 5.5 5.5—1.8 15 @V¢=2.3V,CL=15pF
Logic IC 8.5 @Vr=2.3V,CL=30pF
74LCX |TC74LCX*** 1~16 SOP/TSSOP/US 1.65~3.6 3.6 3.6—1.65 ' et P 24 @V=3.0V
{TSSOR/ 25 @Vec=1.65V,CL=30pF Ve
4.2 @Vc=2.3V,CL=30pF
74VCX [TC74VCX*** 1~16 TSSOP/US 1.2~3.6 3.6 3.6—1.2 24 @V=3.0V
42 @V=1.2V,CL=15pF
#6:Ta=85 C, Function : CMOSlogicIC (244)
Number of Input Voltage translation
Product Category Product Name ey Vec(opr.)(V) tolerant (V) range (V) to/tene (nS) #7 lloul/lor (MA)
ili VHS TC/5Hhoox ! SMV/USY 2.0~5.5 5.5 552 9.5 @Vcc=3.3V,CL=15pF| 8 @Vcc=4.5V
Utilize TC7WHxxx 1,2,3 SM8/US8 o ’ ) ’ L cem
Input TC75 730 1 USV/ESV/FSV 1.65~5.5 55 5.5-1.65 11.5 @Vec=1.65V, CL=15pF
One-Gate 8 @Vec=2.3V, CL=15pF
Tolerant : 10 @Vec=1.65V, CL=15pF
Logic SHS TCTPZ 00 2 us6 1.65~5.5 5.5 5.521.65 ! 24 @Vec=3.0V
(L-MOS) 7 @Vcc=2.3 V, CL=15 pF
11.5 @Vec=1.65V ,CL=15 pF
TC7IWZxx 3 SM8/US8 1.65~5.5 5.5 5.5-1.65 8 @Vcc=2.3V, CLa15 pF
7.1 Vcc=1.65V, CL=15 pF
LVP 7UL1Gx000¢ 1 USV/XSON6G 0.9~3.6 3.6 3.6—0.9 8 @Vec=3.0V
x 5 Vee=2.3V, CL=15 pF @Vec
#7:Ta=85C, Function: L-MOS TC7PZ(04), except TC7PZ (125)
Num ber of Input Voltage translation
Product Category Product Name decuits Vlopr)(V) tolerant (V) e to/tey (ns) #8 loul/1o. (MA)
4,5~5.5 5.5-34.5 5.6 16 @V -=4.5V
. 3.0~3.6 5.5-3.0 8.1 8 @Voc=4.5V
Level Shifter 74LVATxxxX 4 TSSOP/US 5.5
2.3~2.7 5.5-32.3 12.4 3 @Vee=2.3V
1.65~1.95 5.5-1.65 33.2 2 @Vec=1.65V
#8 max value at Ta=85 °C, CL=30pF, Function : Level Shifter (125)
© 2022-2025 32 2025-05-15

Toshiba Electronic Devices & Storage Corporation

Rev.2.0



TOSHIBA

Tips for Selecting Level Shifters (Voltage Translation ICs)
Application Note

Toshiba’s Level Shifters Line-up #2 (Unidirectional- Down translation)

Single Supply
Number of Input Voltage translation
Product Category Product Name :IT cueitrso Package Vec(opr.) (V) toler:nt(V) rgange ) tpun/te. (ns) #9 |lonl/lo. (MA)
74VHCO03 TSSOP
4 13 @Vcc=3.3V,CL=50pF
TC74VHCO3 SOP/US
2~5.5 5.5-2 8 @VCC=4.5V
74VHC05/07 6 TSSOP
74VHC 12 @Vce=3.3V,CL=50pF
CMOS TC74VHC05/07 SOP/US 5.5
EMA LogicI¢ 74VHCV05/07 TSSoP 1.8~5.5 . 5.5—1.8 18/15 @Vcc=2.3V,CL=30pF| 16 @Vcc=4.5V
Utilize TC74VHCV05/07 us o i To SN T
74LCX05/07 TSSOP 13 @Vce=2.3V,CL=30pF
Input A Tc74|_cxi)5/o7 us 16553 >7165 26 @@v =1 65VCL—30pF 24 @Vecma.5V
t0|erant Number of Input Voltage translation TS
Open—drain umbero
(Op ) Product Category Product Name = . o Package Vec(opr.) (V) tolerant (V) range (V) tow/ton, (ns) #10 lloul/lo. (MA)
VHS |TC7SHO09 1 SMV/USV 2.0~5.5 5.5 5.5-2 8.5 @Vcc=3.3V,CL=15pF 8 @Vcc=4.5V
One-Gate TC75205/07 SMV/USV/ESV/fSV | 1.65~5.5 5.5 11 @Vcc=1.65V,CL=50pF
Logic SHS |TC7PZ05/07 2 use 1.65~5.5 5.5 5.5-1.65 24 @Vcc=4.5V
10.5 @Vcc=1.65V,CL=50pF
(L-MOs) TC7WZ05/07 3 uss 1.65~5.5 5.5
LVP |7UL1G07 usv 0.9~3.6 3.6 3.6—0.9 10.5/7.9 @Vcc=1.65V,CL=15pF 8 @Vcc=3.0V

#9, #10:Ta=85C
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Toshiba’s Level Shifters Line-up #3 (Bidirectional, Up/Down translation)

Product  Number of

" | . Input Voltage translation Supply Voltage _
Dual Su pply LeucLEategony Name drcuits | Package Vyya(min)(V] Veeg(V)  Vis(min)(v) tolerant (V) range (V) Condition torn/ton, (NS) @Ta=857C 1Toul/To. (MA)
Vea=5.0£0.5, Ve p=2.5£0.2 24 (A port/B port)
TC74LCX163245FT 4ouss , D amis L 5.52.3 (A—=B) Ve A—B (9.0) 30 pF, B—=A (8.0) 50 pF Veea=4.5V, Vee=3.0V
TC74LCXR163245F T o o ‘ 17255 (B=A) FeRTveen Veca=5%0.5, Ve=2.550.2 12 (A port/B port)
JaLcx 16 Tesop s A—B (9.5) 30 pF, B=A (9.0) 50 pF Veea=4.5V, Vep=3.0 V
TC74LCX164245FT ' Veea=2.5%0.2, Veep=5%0.5 24 (A port/B port)
- 17 455 ) 1.7-5.5 (A—B) Veroy A—B (9.0) 50pF, B—=A (8.4) 30pF Veea=4.5V, Vecs=3.0V
. . - . - CCA B
TC74LCXR164245FT 5.52.3 (B=A) Veea=2.520.2, Vep=520.5 12 (A port/8 port)
A—B (10) 50 pF,. B—A (9.0) 30 pF Veea=4.5 V, Veep=3.0 V
3.6-21.65 (A=B) Viea=3.3%20.3. Vop=1.8%0.15 24 (A port/B port)
TC74VCX163245FT 2.3~3.6 1.6 1.65~2.7 | Viea*0.65 Veea™ Ve
74VCX 16 TSSOP il 36 1.123.6 (B—=A) CoAT el A—B (7.1) 30pF, B—=A (5.5) 30pF V-(a=3.0)V,V ‘(=2‘5V)
’ 1.1—3.6 (A—=B) Veea=1.820.15, Vep=3.3%0.3 18 (A port) /24 (B port
o~ g ¥ . . -
Buffer TC74VCX164245FT 1.65~2.7 | Ve *0.65 | 2.3~3.6 1.6 25015 (Bon) Veea<Vecs ot (5.5 300e Bn (71) 300F Ve 33V ey
Type TCTMP3125 117065236 (Ao Veea=1.8%0.15, Veep=3.3%0.3 3 (Aport) /12 (B port)
4 [SSOP/UY 1.1~2.7 | 1.1%0.65 | 1.65~3.6 | 1.65%0.65 3.6 B8) Veea<Vees A=B (7.8) 30 pF, BA(8.9) 15 pF Veea=1.65 V) Veep=3.0 V
TC7MPN3125 3.6-1.1 (B=A) Veen=1.8+0.13. Vig=3.320.3 3 (Aport) /3 (B port)
Lovel A—B (14.8) 30 pF, B=A(8.9) 15 pF Veea=1.65 V, Vep=3.0 V
eve 1.65%0.8-5.5 (A—B) Veea<Vees Veea=1.8%0.15, Vop=3.320.3 4 (A1) /32 (BE—F)
i ~ * ~ *
Shifter | 74LVC2T45FK 2 USB | 1.85~5.5 | Veea™0.8 | 1.65~5.5 | V™08 55 5.5-1.65 (B—A} Veeas Veen A—B (12.4) 15 pF, B=A(13.0) 15 pF | Veea=1.65 V. Veeg=4.5 V
74AVCAT245F T 0.8%0.70—3.6 (A=
Veea<Ve Veea=1.820.15, Veep=3.3£0.3 6 (APort) /12 (B Port)
74AVCH4T 245FT 4 TSSOP | 0.8~3.6 | 0.8%0.70 | 0.8~3.6 0.8%0.70 3.6 8) cea™ tech i on
AAVCATIAnET 36208 (BoA) VeeasVecs A—B (4.8) 15 pF. B—A(4.3) 15 pF VCCA=1.65 V, VCCB=3.0 V
Input/Output
Number of Characteristics ~ Voltage translation Supply voltage
Product Cat: . =,
roduct Category i Package Vcca (V) Vees (V) T T — condition tpiz/ten. (ns) @Ta=85C
(Voru)
L | TC7MPB9307 | SPST
eve TC7MPB9326 8
Shlft SPDT
TC7MPB9327 TSSOP/US Voon=3.340.3. Vocg=5£0.5
Bus Dual supply |[TC7QPB9306 . 14@Vern=1.65 | (AsB) 11/9 @RL=1kQ,CL=30pF
Switch Level shift  |r70ppg307 1.65~5.0 | 2.3%5.5 | 2.05@Vea=2.3 | o0 oo n A) Veea <Veee
Bus Switch 2.7@Vcea=3.0 R Veea=2.5+0.2, Veep=5+0.5
TC7WPB9306 2 e !
SPST uss 15/13 @RL=1kQ,CL=30pF
TC7WPBS307 2
TC7SPB9306 1
UF6
TC7SPBS307 1
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Lists of packages for Toshiba’s level shifters

TSSOP48(12.5x8.1) TSS50P20B(6.5% 6.4) TSSOP20(6.9%6.4) T550P16B(5.0x6.4)
Package dimension it mm | [Fackage dimension Tt mm Padkage dimermsion urkom | [Fadage dmesson e
12.8Max o 85 009070 50 205~2,
L S, fopnsang
- - = : 22 s
N @]
Jlos ) ]
| [ tand patt=m sxample Lo pattern sxamps mm

_j[ ke

15
D.55Min
. 572

Etai

=1
== ]3
==
==
=
==
==
==

TSSOP16(5.0 % 6.4) TSSOP14B(5.0X6.4) TSSOP14(5.06.4) SOIC20(128% 10.3) SOIC1600.9%6.0)
actage amen una-mr | [Fackage dimension it mm r«-.m:urrw;l:‘-Ma: [ =mg-1n?nm i | | Packagedimension -
i | i ===
e ; i (ERLE LY - Jnd e
[JALLLI S ; b A vt e
TrrfrrreEEl | s
Lo patters srmpie snt.mm | || and pattern example unit : mm Land patiom ecmpie : wn aNd paerT T - -
RILIEL L BoBGRE
et £ Jons-03s ¢ HEEHOHODHA HEHHHEHH
g = Rl E ] z
> e 3 Al - S
| ’ b5 paz
08 o5 HEEDHORED e feaduabuatus
Ghggagas | tiosteg
SOICT4(8.65 X 6.0) SOP20(12.8X7.8) SOP16(103%7.8) SOPI4(103%738)
Package dimension it mm Packags direrion | [Tamgearesn T o amewon _wwom

Ledptenmempe  ;som

s patien emmpe wk:mm [er——— sk .mm

rAEpEEEREBE ]

=
o~

127 M |

S
B
==
==
B
==
==

3
(==
==
==}
==|
==}
==}
]

A o
] ] |

L2
7 el 127 2z

fhmnHan BESEESEE | | lhhmpmame HEEDHE

US20(50%4.0) US16(4.0x40) US14(3.0% 4.0) USB(SOT-765)(2.0% 3.1)

| | Pacge mimenso - Fackage dimen:

Factage dimemion

:

]
)
o]0 iﬁ]
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SMBSOT-505)(2.9% 40) UF6(50T-363F)(2.0 % 2.1) MPGC(145% 1.0) SMVSOT 529X 28)
—— —= =T = [l prr— | e —
29 ‘—%‘L & 145 L5, 02 g
AT | || mom TEEEEE | m
- = < T - =
| [5) 1 f-h H{ il | |
= - F | I | —
7 i i e
[ I sLJ-: r,il -
065 0.2 015 20 !! _- 088 3 §ﬂ‘
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA".
Hardware, software and systems described in this document are collectively referred to as “Product”.

e TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA.
Even with TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

¢ Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail.
Customers are responsible for complying with safety standards and for providing adequate designs and safeguards for
their hardware, software and systems which minimize risk and avoid situations in which a malfunction or failure of
Product could cause loss of human life, bodily injury or damage to property, including data loss or corruption. Before
customers use the Product, create designs including the Product, or incorporate the Product into their own applications,
customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information, including
without limitation, this document, the specifications, the data sheets and application notes for Product and the
precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for
the application with which the Product will be used with or for. Customers are solely responsible for all aspects of their
own product design or applications, including but not limited to (a) determining the appropriateness of the use of this
Product in such design or applications; (b) evaluating and determining the applicability of any information contained in
this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced
documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

e PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE
OF WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR
SERIOUS PUBLIC IMPACT ("UNINTENDED USE"). Except for specific applications as expressly stated in this
document, Unintended Use includes, without limitation, equipment used in nuclear facilities, equipment used in the
aerospace industry, lifesaving and/or life supporting medical equipment, equipment used for automobiles, trains, ships
and other transportation, traffic signaling equipment, equipment used to control combustions or explosions, safety
devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE,
TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or
contact us via our website.

e Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

e Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable laws or regulations.

e The information contained herein is presented only as guidance for Product use. No responsibility is assumed by
TOSHIBA for any infringement of patents or any other intellectual property rights of third parties that may result from
the use of Product. No license to any intellectual property right is granted by this document, whether express or
implied, by estoppel or otherwise.

e ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS
OF SALE FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO
LIABILITY WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR
INCIDENTAL DAMAGES OR LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF
OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS
OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION,
INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

e Do not use or otherwise make available Product or related software or technology for any military purposes, including
without limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological
weapons or missile technology products (mass destruction weapons). Product and related software and technology may
be controlled under the applicable export laws and regulations including, without limitation, the Japanese Foreign
Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of Product or
related software or technology are strictly prohibited except in compliance with all applicable export laws and
regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS
compatibility of Product. Please use Product in compliance with all applicable laws and regulations that regulate the
inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO
LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE
LAWS AND REGULATIONS.

Toshiba Electronic Devices & Storage Corporation
https://toshiba.semicon-storage.com/
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