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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 5 V 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.

© 2022 5
Toshiba Electronic Devices & Storage Corporation

2022-4-21



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

When two ICs with different supply voltages are connected, the driver IC might not satisfy the
input voltage specification of the receiver IC.

— A level shifter is used to solve this problem.

System A System B

CPU, ASIC, etc Memory,

“ 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

A level shifter would
solve interface problems.

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
e Level shifter (buffer-type)
Examples:
Single-supply/unidirectional: 74LV4T125FT, 74LV4T126FT, 7UL1T34FU
Dual-supply/bidirectional: TC7MP3125FT, TC7MPN3125FT
*  Dual-supply level shift bus switches
Examples:
Dual-supply/bidirectional: TC7ZMPB9307FT, TC7QPB9306FT, TC7WPB9306FK,
TC7SPB9306TU
(2) CMOS and one-gate logic (L-MOS") ICs with one of the following level-shifting functions:
*: One-gate logic ICs are hereinafter simply referred to as L-MOS ICs.
* TTL-level input

e Input-tolerant function
e 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 VIH (0.7 x VCC) / VIL (0.3 x VCC). Therefore, in the case of 5-V
CMOS logic, it is Vi1 (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 Vou level (2.4 V) of the 5-V TTL
logic IC as logic High (because Von < V).

In contrast, when Vcc = 5V, a CMOS logic IC with TTL-level inputs has a minimum Vi of 2.0 V
and a maximum Vy_ 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 > Vi (see Figure 2).
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Not connectable Connectable
TTLoutput (Vo) < CMOS input (V) TTL output (Vg) > CMOS input (V)
TTLoutput (Vo) < CMOSinput (V) TTL output (Vo) < CMOS input (Vy)
Vec=5.0V Vec=5.0V Vec = 5.0V Vo = 3.0V
5 V TTL Output Input 5 V CMOS 5 V TTL Output Input 5 V CMOS
( : . TTL input
" CMOS input (Driver) ;
(Driver) (Receiver) (Receiver)
—— V=5V —— V= 5V ] V=5V ] V=5V
| Viy=3.5V
I | Threshold —Vou=24V
T |Vow=2.4V (1/2Vco) oH ——{ Viu=2.0V
Threshold *
V=15V (=15V)
— v, 0.8V
DVOL=O-4V —— Vo =0.4V
5VTTL 5V CMOS 5VTTL 5V CMOS

(TTL input)

* : It depends on the series.

Connectable
TTL output (Voy) > CMOS input (V)
TTL output (Vo) < CMOS input (Vy)

V=50V Vec=33V

CMOS
LVTTL input
(Receiver)

Output

5VTTL

(Driver)

] Vee=5V ] V=33V
Von=2.4V L | vy=2.0V
Threshold *
(=15V)
|V, 0.8V
Vo =0.4V
5VTTL 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

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

(Vce). For example, current does not flow to the power supply even if an input signal is applied
when Vcec=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 Vcc.

Equivalent input circuit and operating

Equivalent input circuit and operating

w B ]
- ¢ L

7

Due to no input tolerant function,
. current flows in case (Veners > Voo

P

range range
(TC74HC series without an input- (74VHC series with an input-tolerant
tolerant function) function)
ST Ve Frpm——— NS A — T ™

1

I

i

I 1

: Ve:.cenal + fl

I - ]
I

]

I

\

7

Due to input tolerant function,
no current flows.

Y . s s s i,

Operating Ranges (Note)

TC74HC Series Operating Ranges (ex. TC74HC244)

74VHC Operating Ranges (ex.7T4VHC244)
Operating Ranges (Note)

Wote:  The operating ranges must be maintained to ensure the normal operation of fe device
Unusad inputs must be Sed to sther Vg of GND

Charactenstics Symbel Riting Unit Characteristics Spmbol Tust Condiion Rating Unkt
Supey voluge vee B Y Suze witaze ™ 2018
Ingelt voRage Vi Ok Vee v | ——— Vi T m
FEnEn b B e L e —_— it = cnrie r
g v v Oatpu viout LI v
Oparating tempersture Togr —401e 85 Cparatng bemparature Togr 010 125 T
00 1000 (Vge = 20V) gt fidd nd fall 5es e Ve ® 33203V 0 100 CY)
Inpu rise and fall tme B e Bio 800 (Vgg = 4.5 V) I Vec=B208V e
Dte 400 Vec - 80W) Hote:  The cperafing ranges must be maintained to snsare e nomual operation of the device.

Unusad inputs must ba ted 1o either Voo o GHD

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 Vcea < Vees), it is necessary to use an IC with an output-tolerant function so that
current does not flow from Vcce to Vccea.

The output-tolerant function is also called power-down protection. Without power-down
protection, current flows from Vces to Veea as shown in Figure 4 when Vees > 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 Veea

hs
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 Vcce.

Recommendation

Down : 74VHC (Open-drain (03,05)
with Input tolerant

y / Ve (lessthan V)
Veea S
- L

RpuII ~
Dri 25 O Receiver
river Y b
O |_I —l Output
Input A \_I
Veea | Vccl |
J_|_ oV ” ov

Equivalent circuit
(no output tolerant)

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

Recommendation

Up-down : 74VHCV. 74LCX. 7SZ etc.
Open-drain (05,07,09) with output tolerant

Vees / Ve
Veea O L
O Ropuit ~
Driver IL . ¢ ¢ Receiver
O 1 Output
Input \_I
Veea z | Vee
od L v Il

Veea Equivalent Circuit | | Ve
(Output tolerant) ov
ov

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

Step 1.
Step 2.

Step 3.

Step 4.
Step 5.

Step 6.

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

Determine the signal direction (unidirectional or bidirectional).

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.

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 Vi
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.

Check the number of level-shifting circuits required.

Check the required propagation delay times (tpin and tpn or teiz and tez.) of the IC.

Also check the output drive capability (Ion and Io.) 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.

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 range Number of
Direction Up / Down 9 9 power supply

Case 1 2V(TTL) - 505V
Arbitrary range from VIH minimum to VOUT maximum
Case 2 (Open-drain) Ex)1.65V — 55V, 0.9V — 3.6V Single
u Input TTL/LVTTLlevel — V(opr.)
Case 3 P Ex) 2V — 5£05V,12V — 25+02V
Uni- 0.72V - 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 EY) 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, 3.6V - 09V
Veea © Ve (Level shifter (Buffer-type))

Case7 B) A (0.72V) — B (36V),B (36V) — A (1.1V)
Bi-Directional ~ Up/Down . . Dual
Veea © Ve (Level shift bus switch)
Case 8 B) A (14V) - B (55V),B (55V) — A (1.65V)
© 2022 13

Toshiba Electronic Devices & Storage Corporation 2022-4-21



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

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 (Vs = 2.0
Vand Vi = 0.8 V)
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 74AC (74ACT) or 74VHC
(74VHCT) 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 circuits Package Vec(opr.)(V)  Vig(min)(V) Vour(max) (V) range(V) tpu/ton, (ns) #1 |lonl/lor (MA)
TC74HCTxxx DIP/SOP/TSSOP 45~55 2 5.5 255
74HC 1~8 28 6 @Vcc=45V
MOS T4HCTxxx SOIC/TSSOP 4.5~5.5 2 55 255
Logic IC 74AC TC74ACTxxx 4,6,8 DIP/SOP/TSSOP 45~55 2 5.5 255 9 24 @Vcc=45V
TC74VHCTxxx 1~8 DIP/SOP/TSSOP/US 4.5~5.5 2 55 255
74VHC 9.5 8 @Vcc=45V
T4VHCTxxx 1~8 TSSOP 45~55 2 55 255
Number of Voltage translation
Product Category  Product Name . Package Vcc(opr.) (V) Voyr(max) (V) range(V) touw/ton, (ns) #1 llonl/lo. (MA)
O’le'gate TTL-level TC7WTxox 2 SM8 45~55 2 55 255 28 6 @Vcc=45V
ogic .
(LMOS) input TC7SETxxx 1 SMV/USV 45~55 2 55 255 11.9 8 @Vcc=45V

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

TTL-level
Input

V=50V
O
V=50V
Vec=33V IY - < o
O Vi YN

Driver © E % :'é Receiver
33V 50V
M Y | A
oV h ov

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

A\
\
O
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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 Vi 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 Vigx minimum to Vour maximum

Voltage translation

Number of

Product Category Product Name . Package Vec(opr.)(V) Vi(min)(V)  Voyr(max)(V) range (V) tpiz/teze (NS) #2  |Iou|/IoL (MA)
74VHCV05/07 TSSOP 1.8~5.5 1.65 5.5 1.65-5.5
74VHC 8.5 16 @Vec=4.5V
cMos TC74VHCV05/07 . uUs 1.8~5.5 1.65 5.5 1.65-5.5
Logic IC 74L.CX05/07 TSSOP 1.65~5.5 | 1.65%0.9 5.5 1.55.5
74LCX 4 24 @Ve=3.0V
TC74LCX05/07 uUs 1.65~5.5 | 1.65%0.9 5.5 1.5-5.5
Product Category ~ Product Name | "‘“erof Package Vee(0pr)(V) Vin(min)(V)  Vour(Max)(V) V°'taien;'eaz‘3')at'°“ toz/ten (NS) #2 |Tonl/Io. (MA)
VHS TC7SHO9 . SMV/USV 2.0~5.5 15 5.5 1.5-5.5 8 8 @Vec=4.5V
One-gate TC75205/07 SMV/USV/ESV/fSV | 1.65~5.5 | 1.65%0.75 5.5 1.35.5 4.5
Logic SHS TC7PZ05/07 2 Us6 1.65~5.5 | 1.65%0.75 5.5 1.35.5 3.9 24 @Vc=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=33V Ve =50V
Vcc53.3 \') . é
Driver O Receiver
—()— —| Output
Input ZS sov
33V T
il 7 Il
ov ov

Input/Output equivalent circuit
(with Output 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£0.2 V
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.)

Number of Voltage translation

Product Category Product Name Jr— Package Vec(opr.)(V)  Viu(min)(V) Vour(max) (V) range (V) toun/teu (ns) #3 lloul/lor (MA)
One-gate 7ULTTxxx 1 usv 23~36 1.1 36 1.1-=36 4.7/5.0

Logic LvP 8 @Vcc=33V
(L-MOS) 7UL2Txxx 2 uss 23~36 1.1 36 1.1-3.6 7.5/5.2

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

Number of Voltage translation

Product Category Product Name — Package Veclopr)(V)  Viu(min)(V) Vour(max)(V) ange (V) tou/ter (ns) #4 lloul/lo. (MA)
I

45~55 2 55 2—5.5 5.6 16 @Vcc=45V

Level Shifter TALVATxxx 4 TSSOP/US 30-36 135 36 135236 8.1 8 QVec=30V

23~27 12 2.7 1227 124 3 @Vcc=23V

1.65~1.95 1 1.95 1195 332 2 @Vcc=165V

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

LVTTL-level
Input

Vee=33V
V=18V \ I‘I’ V=33V
Input Output .
Driver ¢ O E? ABE?—( Receiver

1.8V X | % |33V
—| |— ov h
ov

Figure 9 Example of up translation from ultralow voltage using an IC with an LVTTL-level
input (7UL1T34)

S
\

© 2022 16
Toshiba Electronic Devices & Storage Corporation 2022-4-21



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

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: Vi1 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: Viax minimum to 3.6 V)

Voltage translation

Product Category  Product Name o Package Vees(V) Viu(min) (V) Vour(max) (V) range (V) ton/ton, (ns) #5 lloul/lor (MA)
TC7SP3125 22 12 @Vea=1.1V, Vep=3.0V

UF6 165~3.6 = =
TC7SPN3125 1 29 3 @Veea=1.1V, Veg=30V
Level Shifter TC7SPN334 MP6C 1.1~27 Veea~36 Veena*0.65 3.6 0.72—3.6 6.2 3 @Veea=1.1V, Vp=3.0V
TC7WP3125 22 12 @Veea=1.1V, Veep=3.0V

2 us8 165~3.6 = =
TC7WPN3125 29 3 @Veea=1.1V, Vep=3.0V

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

Veeca=18V  Veg=33V
O O

Vee =C;.s v , T \F Ve =03.3 v
. Input i Level Output .
Device A Q———O—+10H togic H]o+< Device B
1.8V i i Converter 33V
It ov R - | ] | |
H ov

Figure 10 Example of up translation using a dual-supply dedicated level shifter IC
(TC7SP3125)
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TOS H I BA Tips for Selecting Level Shifters (Voltage Translation ICs)
Application Note

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 et Package Vec(opr.) (V) tolerant(V) range (V) toun/ten (ns) #6 |lonl/lo. (MA)
TC74VHCxxx DIP/SOP/TSSOP/US 2~5.5 5.5 5.5-2
1~9 10 @Vec=3.3V, CL=15pF | 8 @Vcc=4.5V
JavHC 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 @Vec=3.3 V, CL=15 pF
4~8 16 @Vec=4.5V
CMOs 74VHCV*** TSSOP/US 1.8~5.5 5.5 5.5-1.8 15 @Vcc=2.3 V, 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 : e PP | 24 @Vee=3.0V
/ / 25 @Vc=1.65 V, CL=30 pF @Vee
74VCX | TC74VCX*** 1~16 TSSOP/US 1.2~3.6 3.6 3.6-1.2 42@Vee=23V, CL=30pF | ) oy 34y
42 @Vec=1.2 V, CL=15 pF

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

Number of Input Voltage translation

Product Category Product Name circuts Package Vec(opr.)(V) tolerant (V) range (V) to/tony (ns) #7 lloul/lo. (MA)

TC7SHxxx 1 SMV/USV

VHS E— 3 <Me/USs 2.0~5.5 5.5 5.5-2 9.5 @Vec=3.3V,CL=15pF | 8 @Vcc=4.5V
XXX 2,
11.5 @Ve=1.65V, CL=15 pF
TC7SZ 1 USV/ESV/fSV 1.65~5.5 5.5 5.5-1.65
One-Gate o / / 8 @V=2.3V, CL=15 pF

Logic SHS TC7PZ. 2 us6 1.65~5.5 5.5 5.5-1.65 10/ @Vee=1.65V, CL=15PF | 5 @y, =30V
(L-MOS) o 7 @Vc=2.3V, CL=15 pF @Vee

11.5 @Vcc=1.65V ,CL=15 pF
8 @Vcc=2.3V, CL=15 pF
7.1 Vcc=1.65V, CL=15 pF

LVvP 7UL1GxxxFU 1 usv 0.9~3.6 3.6 3.6—0.9 5 Vec=2.3V, CL=15 pF 8 @Vcc=3.0V

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

TC7WZxxx 3 SM8/US8 1.65~5.5 5.5 5.5-1.65

Number of Input Voltage translation

Product Category Product Name e Package Vec(opr.) (V) tolerant (V) range (V) to/ten, (ns) #8 lloul/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 74LVATxxX 4 TSSOP/US 2327 5.5 55523 24 3 @Ve=23V
32, . . K cc=2.
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
VCC = 5.0V T Vec=33V
Input I_I E| Output .
Driver O O |_I E O O Receiver
50 VJ_|_ ZS zs 3.3V
ov lrh J_l— ov

Figure 11 Example of down translation using an IC with an input-tolerant function
(TC7S234)
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Tips for Selecting Level Shifters (Voltage Translation ICs)
Application Note

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 (7UL1G07).

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.)

Product Category

Product Name

Number of

Package

Vec(opr.) (V)

Input

Voltage translation

touu/teu, (ns) #9

lloul/lo. (MA)

circuits tolerant(V) range (V)
74VHCO3 TSSOP
4 13 @Vc=3.3V, CL=50 pF
TC74VHC03 SOP/US
2~5.5 5.5-2 8 @VCC=4.5V
74VHC05/07 6 TSSOP
74VHC 12 @Vce=3.3V, 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=2.3V, 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 @Vcc=4.5V
TC74LCX05/07 us 26 @Vce=1.65V, CL=30 pF
Number of Input Voltage translation
Product Category Product Name ':;:'mi:: Package Vec(opr.) (V) tolerapnt w r!:nge w town/teu, (ns) #10 llonl/lo. (MA)
VHS TC7SH09 1 SMV/USV 2.0~5.5 5.5 5.5-2 8.5 @Vcc=3.3V, CL=15 pF 8 @Vcc=4.5V
One-Gate TC75Z05/07 SMV/USV/ESV/fSV 1.65~5.5 5.5 11 @Vce=1.65V, CL=50 pF
Logic SHS TC7PZ05/07 2 use 1.65~5.5 5.5 5.5—1.65 24 @Vcc=4.5V
(L-MOS) 10.5 @Vce=1.65V, CL=50 pF
TC7WZ05/07 uss 1.65~5.5 5.5
LvP 7UL1G07 1 usv 0.9~3.6 3.6 3.6—0.9 10.5/7.9 @Vce=1.65V, CL=15pF | 8 @Vcc=3.0V
#9, #10 T, = 85°C
1.8V
Veg=3.3V
Veea=3.3V ~ L
O
) Roui A
. L / .
Driver I > ©Q Receiver
—0— —| Output
Input ZS
5.0V T Vee
* IL
ov ov

Figure 12 Example of down translation using an IC with an input-tolerant function and an

Equivalent circuit (with Output tolerant)

open-drain output (74VHCVO05)
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TOS H I BA Tips for Selecting Level Shifters (Voltage Translation ICs)

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 © Vces
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: Iouta = £24 mA minimum, Ioute = +24 mA minimum (VCCA =45 V, Vees = 3.0 V)
TC74LCXR163245: Iouta = £12 mA minimum, Ioyts = £12 MmA minimum (Vcca = 4.5V, Veeg = 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/Ios = £12mMA minimum (Vcca = 1.65V, Veeg = 3.0 V)
TC7MPN3125: Iona/Iota = £3 mA minimum, Ione/Ioe = £3 MA minimum (Vecca= 1.8V, Vececs = 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 © Vces)

Product 5
Product Category roduct  Number of Input Voltage translation  Supply Voltage

ircuits Package Viua(min)(V) Vees(V)  Vaws(min)(V) 0 o ) range (V) Condition ten/ten (NS) @Ta=85C 1Ton|/Ior (MA)
Veea=5.0£0.5, Vecs=2.540.2 24 (A port/B port)
TC74LCX163245FT
5.5-2.3 (A-B) A-B (9.0) 30 pF, B>A (8.0) 50 pF Vea=4.5 V, Veep=3.0 V
4.5~5.5 2 2.3~3.6 17 Veer> vees
TC74LCXR163245FT 1.7955 (B-A) Veca=540.5. Veeg=2.540.2 12 (A port/B port)
e 6| Tsor 5 e p Y T
TC74LCX164245FT CeA= £ 0=, &, Vecp=2% 0,
C74LCX164245] 17555 (A-B) A-B (9.0) 50pF. B—A (8.4) 30pF Veea=4.5V. Vees=3.0V
2.3~36 17 4.5~5.5 2 Veern<Vees
TC74LCXR164245FT 5.522.3 (B-A) Veea=2.5+0.2, Vep=50.5 12 (A port/B port)
A-B (10) 50 pF, B>A (9.0) 30 pF Veea=4.5 V, Veep=3.0 V
3.6-1.65 (A>B) Veea=3.3%0.3, Vecp=1.80.15 24 (A port/B port)
TC74VCX163245FT 2.3~36 16 1.65~2.7 | Vees*0.65 Veer> V.
74vCX 16 TssoP e 16 1.1-3.6 (B=A) o Yo A-B (7.1) 30pF, BA (5.5) 30pF Ver=3.0 V, Veep=2.5 V.
: 1.153.6 (AB) Veea=1.80.15, Vp=3.340.3 18 (A port) /24 (B port)
~ *| ~]
TC74VCX164245FT 1.65~2.7 | Vea™0.65 | 2.3~3.6 L6 3.6-1.65 (B—A) Veea<Vees A—B (5.5) 30pF. B—~A (7.1) 30pF Veen=2.3 V, Vees=3.0 V.
CMP3125 Veca=1.840.15, Veep=3.3£0.3 3 (Aport) /12 (B port)
Level . N 1.1%0.65-3.6 (A>B) A—B (7.8) 30 pF, B-A(8.9) 15 pF Vear=1.65 V, Vees=3.0 V.
shifter | ona125 4 [TSSOP/US| 1.1~2.7 | 1.170.65 | 1.65~3.6 | 1.6570.65 36 3.6-1.1 (BoA) VeeasVees Veea=1.8+0.15, Vep=3.30.3 3 (Aport) /3 (B port)
A-B (14.8) 30 pF, BoA(8.9) 15 pF Vea=1.65 V, Vecs=3.0 V
© 2022 20

Toshiba Electronic Devices & Storage Corporation 2022-4-21



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

Veea=18V V=33V
O O
Vec=18V

Ve =33V
A — 3

Il:iéil: AH—%E Output/Input ) DeV|Ce B
Converter |1 .oq_ | 33V
----I-_-I | |

+ ov

Input/Output

Device A O0——<
J—Ll.sv

ov

iy

1
1
r

TC7MP3125 (quarter of the entire circuit)

Figure 13 Case 7: Example of up/down translation using a dual-supply bidirectional
dedicated level shifter IC (buffer-type) (TC7MP3125)
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TOS H I BA Tips for Selecting Level Shifters (Voltage Translation ICs)
Application Note

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
Vcea be lower than Vece.
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 5.0V & Vees = 2.3t0 5.5 V)
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 (tr.z and trz ) 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 © Vecs)

Input/Output

Product Number of Characteristics ~ Voltage translation Supply voltage _
Product Category Naa i Package Ve (V) Ve (V) (translating up) range (V) condition tpiz/tez. (ns) @Ta=85°C
(Vonu)
TC7MPB9307 SPST
TC7MPB932 8
c 9326 SPDT
TC7MPB9327 TSSOP/US Veea=3.3£0.3. Vees=5+0.5
TC7QPB9306 1.4@Vcca=1.65 = =
Dl_uaI Tuipflty 2 4 1.65~5.0 | 2.3~5.5 205@ Vere2.3 | L4055 (AoB) | e e e
eve S_l TC7QPB9307 . . . . .05@Vcea=2. 5.5-51.65 (B—A) cca SVees
Bus Switch TC7WPB9306 > 2.7@Vcca=3.0 Veea=2.5%0.2, Vcee=5+0.5
SPST Uss 15/13 @RL=1 kQ,CL=30 pF
TC7WPB9307 2
TC7SPB9306 1
UF6
TC7SPB9307 1
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TOS H I BA Tips for Selecting Level Shifters (Voltage Translation ICs)
Application Note

VCCA = 1.8 V H\ ,I\ VCCB = 5.0 V
R'pullup-A | | Rpullup-B J\
Gate level
@, OE controller \
. J_ In 1
Input A put B
Driver o—= O—25—0 o Receiver
Recommendation ——- Vecg=5.0V
1.8V & 5V (Veea<Vees)
SPST : TC7SPB9306, TC7SPB9307 {7~ T 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)

Vecs

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 e
3.VCCA (3.0V) © VCCB (5.5 V) -+ el 7+
TC75PB9307
7 7 7
6 6 6
5 5 5
< /[ = / s /
g / [—ni g / [—ain N [—an
53 g3 g3
s [ |[—sh 2 | —stin B |—sin
S2 1 g2 S2
1 l' 1 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)
VCCA= 1.65 V, VCCB= 55V VCCA= 2.3 V, VCCB =55V VCCA= 3.0 V/ VCCB =55V

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

resistor.
7 7 7
6 6 6
5 5 ~ 5
g4 —o 5 [—er g; [
g3 | —atin 53 | —ain g3 | —ai
g2 $2 22
1 1 1
0 0 s 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)
Veea= 1.65V, Veeg = 5.5 V Veea= 2.3V, Vees = 5.5V Veea= 3.0V, Vees = 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 MOSFETs. (A single MOSFET
suffices if logical inversion is permitted.)

Ve \%
vV, ccB fee
cca 5
Driver Viy )
Vour Receiver

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 . - - Recommendation

TX (Device A — Device B)

RX (Device A — Device ) 9600bps, 115200bps (Standard) USLALEEZ S Ll e 2
4 } ; . TC7QPB9306/9307
RTS (Device A — Device B) (max. TMbps approximately)
) . TC7MPB9307
UART CTS (Device A « Device B)
TX (Device A — Device B 9600bps,115200bps (Standard) TC7MP3125/MPN3125
2 RX (Dew,ce A - Dev',ce B) (max. TMbps approximately) TC7WPB9306/9307
evice ML TC7QPB9306/9307
Standard-mode(Sm)  :max. 100kbps
Fast-mode (Fm) :max. 400 kbps
Fast-mode Plus (Fm+) :max. TMbps TC7WPB9306/9307
e 5 SCL (Master — Slave) Highb-speid (ljs-mode) ‘max. 3.4Mbps TC7QPB9306/9307
— above 4moaes:
SDA  (Master & Slave) 8bit serial bidirectional data transfer TC7MPB9I307
Ultra Fast-mode (UFm) :max. 5Mbps
— above mode:
8bit serial unidirectional data transfer
MISO (Slave — Master TC7MP3125/MPN3125
MOSI (Mast Slave) (LI
SPI 4 w a: e Slave Several Mbps 7UL1T34
o (Mas e *SI e TC7QPB9306/9307
CEES S TC7MPB9307
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5.2.1 Example of level-shifting for a four-line UART interface

Vea=1.8V V=33V
VCCA=3'3 Vv VCCB=3‘3 \V} CAC\A B A
I\ ) 0,
\J ~ \J
o RX i> X RX
TC7MP3125
RX X . . RX X .
i Device B Device A or Device B
Device A RTS RTS evice RTSH TC7ZMPN3125 RTS
CcTS CTS 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 Vto 1.8 V.
However, when Vcea = 1.8 V, the output voltage (Vout) 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 bus transceiver is ideal since they both 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)
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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 V=33V
Rputtpa Rpu"up’Bﬁ
- X RX
Veea=3.3 V V=33V TC7WPB
O O Device A 9306 Device B
TX RX RX 9307 T
Device A Device B
RX TX
Example 2: Using an L-MOS (7UL1T/7UL1G)
Vea=1.8 V Veg=3.3 V
5 | 5
TX 7UL1T34 RX
Device A Device B
RX TX

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 3.3V to 1.8 V.
However, when Vcea = 1.8 V, the output voltage (Vour) 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 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).

Example 2: The TC7WPB9306 or TC7WPB9307 bus transceiver is also ideal. However, these bus
transceivers require external pull-up resistors to pull the output signals to the Vcc level.

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)
7UL1G34FU : Non-inverter, Package (USV)

7UL1T34FU : Non-Inverter with Level Shifting, Package (USV)
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5.2.3 Example of level-shifting for an I°C interface

Veea=3.3V Ves=3.3V
1T [: |j é Vea=1.8 V Vep=3.3 V

sScL SCL J\ Rpun\,p,Alj . j Riyuaps J\
Master  gpa spa  Slavel ~ ! sl -

ScL
TC7WPB
Master SDA 906 o spA Slave
or

9307

| SCL
SDA Slave 2

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 V
to 1.8 V. However, when Vcea = 1.8 V, the output voltage (Vour) of the SCL and SDA pins of the
master device becomes lower than the input threshold (V1) 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 is ideal for SDA and SCL.

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)

© 2022 27 2022-4-21

Toshiba Electronic Devices & Storage Corporation


https://toshiba.semicon-storage.com/ap-en/semiconductor/product/general-purpose-logic-ics/detail.TC7WPB9306FK.html
https://toshiba.semicon-storage.com/ap-en/semiconductor/product/general-purpose-logic-ics/detail.TC7WPB9307FK.html

TOSHIBA

Tips for Selecting Level Shifters (Voltage Translation ICs)

Application Note

5.2.4 Examples of level-shifting for an SPI interface

Veea=3.3V Vee=3.3V
) )
S
scL scL
MOSI MOSI
Master ~ "° miso Stave 1
ss1 Ss1
ss2 T
SS3 O
—>]SCL
MOSI
MISO Slave 2
SS2
O
—|scL
MOSI
MISO Slave 3

SS3

SCL: Clock Signal

MOSI: Mastertransfer data

MISO: Masterreceived
SS : Slaveselectsignal

ata

Example 1: Reducing the supply
Veea=1.8V Ves=3.3V
) )

ocL | 7uLiT34 Sl
mosi H 7uLit34 MOSI
Slave 1
MISO
Master MISO e 7UL1G34
SS1 = 7UL1T34 SS1
SS2 4 7UL1T34 1
SS3 | 7
7UL1T34 N
1> MOSI
MISO Slave 2
SS2
')
—>| SCL
—pIMOSI
MISO Slave 3
SS3

Example 2: Reducing the supply

Vees=3.3V Veea=1.8V
P I\
~ oL |- 7uLiG3a sCL
|| 7uL1G34 MOSI
mlossoI <-| 7UL1T34 MISO Slave 1
Master
SS1|= 7uL1G34 SS1
582 [+ 7uL1G34 é
5531 7uLiG34 NP
L MOSI
MISO Slave 2
Ss2
0
L1scL
N (Y15}
MISO Slave 3
553

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 (Vi) 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 Vccg = 1.8 V, the output voltage (Vour) of the MOSO pin of
the slave devices becomes lower than the input threshold (V1) 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.

Visit the following URLs to view or download the datasheets for bus transceivers:
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7UL1G34FU : Non-inverter, Package (USV)
7UL1T34FU : Non-Inverter with Level Shifting, Package (USV)

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 perform a parametric search of 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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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”.

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

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.

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.

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

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.

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.

ABSENT AWRITTEN 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.

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.

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
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