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1. Introduction

The PI4ULS3V304A/504A is a four-bit configurable dual-supply autosensing bidirectional level translator that
does not require a direction control pin. It can be treated as a four-bit version of PI4ULS3V302/502, but some
parameters differ slightly. This device can provide voltage translation between 0.9V and 2.0V (A port) and 1.65V
and 3.6V (B port). The speed can be up to 140Mbps (P14ULS3V304A), or 280Mbps (PI4ULS3V504A) in specific
conditions. The differences between PI4ULS3V304/504 and PI4ULS3V304A/504A are the operating
voltages at port A/B, maximum rating and Via/Viea/Viie/ViLs values. Additionally, the AECQ testing
requirement processes are different for PI4ULS3V304/504 and Pl14ULS3V304A/504A.

2. PI4ULS3V304A/504A Mechanism

Figure 1. IC block diagram of PI4ULS3V304A/504A

The translator provides bidirectional logic voltage level shifting to transfer data in multiple supply voltage systems.
The P14ULS3V304A/504A does not require a direction control signal to establish the direction of data flow. There
is an internal direction-judging block which can provide the direction control. One-shot circuits are used to detect
rising or falling input signals. In addition, the one-shot circuits decrease the rise and fall times of the output signal
for high-to-low and low-to-high transitions. See Figure 1 for the IC block diagram.

For working diagrams see Figures 2 and 3. The PI4ULS3V304A/504A can detect the rising/falling edge and
voltage level at the A/B port. The driver and one-shot circuit at the B port can detect the edge and voltage of the
A port, while the driver and one-shot circuit at the A port can detect the edge and voltage of the B port. The weak
buffer driver is voltage-level triggered, and the one-shot block is edge triggered.
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For example (see Figure 3): (1) The external device is driving the A port to a high state, and the voltage level can
meet the VIH. @ The weak buffer driver of the B port will pull the B port to high through the 1kQ resistor. The one-
shot circuit of the B port will be active and the T1 PMOS will pull the B port to a high state. (3) When the B port is
in a rising edge, the A port detects this behavior, and the one-shot block and buffer driver at the A port pull the A
port to a high state through the 1kQ resistor.

VC()\
r 3

Weak buffer
driver with
voltage
triggered ——
\\( Edge
L[|>C triggered
_' .—
A L one | B
Shaot i
i

1kQ OQ
One
T Shat

Figure 2. Circuit trigger type of PI4ULS3V304A/P14ULS3V504A
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Figure 3. Working diagram of PI4ULS3V304A/PI14ULS3V504A
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Furthermore, when one side is an input and other side is an output (e.g., A port as input, B port as output), if the
A port input is in a high state, the output buffer on the A port will also drive a high state through a series 1kQ inside

the chip, so the series 1kQ will be the internal pull-up resistor of the A port. The equivalent circuit is shown in
Figure 4.
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Figure 4. Equivalent circuit of PI4ULS3V304A/504A when drive is high

When one side is an input and other side is an output (e.g., A port as input, B port as output), if the A port input is
a low state, the output buffer on the A port will also be driving a low state through a series 1kQ inside the chip, so
the series 1kQ will be the internal pull-down resistor of the A port. The equivalent circuit is shown in Figure 5. If
the action above is changed to the B port as input and the A port as output, all actions will be reversed.
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Figure 5. Equivalent circuit of PI4ULS3V304A/504A when drive is low
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3. One-Shot Circuits

The translators incorporate a weak buffer with one-shot circuitry to improve switching speeds for rising and falling
edges. When the A port is connected to a system driver and driven high, the weak 1kQ buffer drives the B port
high in conjunction with the upper one-shot active. Then the B port is driven high by both the buffer and the T1
PMOS (see Figure 1). The output impedance seen on the B port becomes lower when the one-shot circuit is
active. The one-shot time is about 6 to 8ns for PI4ULS3V304A and 3 to 5ns for PI4ULS3V504A.

On the falling edge, the lower one-shot circuit is triggered and the buffer, along with the T2 NMOS (see Figure 1)
is active. Table 1 shows the output impedance when the one-shot is active, but these parameters are only
guaranteed by design.

Table 1. One-shot impedance with different VCCs

Parameter VCCB (V) VCCA (V)

1.8 0.9t02.0 37

70B B port one-shot  output 25 0.91t02.0 20
impedance

3.6 0.9t02.0 15 0

1.810 3.3 0.9 52

ZOA A port one-shot output "% "3 18 17
impedance

1.8103.3 2.0 15

4. Input/Output Current and Input/Output-Driven Ability Requirement

The translator has the 1kQ impedance buffer inside and can be easily overdriven by a system driver connected
to the A or B port when a bus direction change is desired.

For example, when the A port is connected to a system driver and driven high, the lIN = VIN/1kQ when the input
voltage is not up to VT (VT is the threshold voltage of PI4ULS3V304A/504A, normally 0.5*VDD). As long as the
input voltage is greater than VT, the translator will recognize this to a high level, and drive the B port high. Then
the weak buffer in the A port will change from pull-down to pull-up. In this condition the Iin = -(VDD-VT)/1kQ. For
proper operation, the input driver to the translator should be capable of driving 3mA of peak output current.
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Figure 6. Input current and input-driven ability of PI4AULS3V304A/504A
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The IOHA, IOLA, IOHB and IOLB of PI4ULS3V304A/504A will relate to the IIH/IIL and VIH/VIL of the device which
connects to PI4ULS3V304A/504A’s A or B port. The formula below describe the relationship between IOHA, IOLA,
IOHB and IOLB and the device’s IIH/IIL/VIH/VIL. Be aware that this formula does not include the external
resistor effect; if the application has an external resistor on PI4ULS3V304A/504A’s A/B port then the
formula below cannot be used for current-driven ability calculation:

Veeo — ViH(Device
IOH(maX) = lkﬂ( )

VIL(Device
IoL(max) = lIL(Device) = (1kQ )

According to the formula above, if the lIH(Device) is too strong then the VOH of PI4ULS3V304A/504A will be
dropped, which means that the output-driven ability of PI4ULS3V304A/504A depends on the VIH(Device) and the
IIL(Device). Figures 7 and 8 show the equivalent circuit of the IOHA, IOLA, IOHB and IOLB calculation.

Vou = Veco - inpevice) X 1kQ

A"
lon = hh(pevice)
liH(Device)
PIAULS3V304A/504A Device

Figure 7. Equivalent circuit when PI4ULS3V304A/504A is driving high to the device
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Figure 8. Equivalent circuit when PI4ULS3V304A/504A is driving low to the device
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5. External Pull-Up/Pull-Down Resistor

The devices used for driving high impedance loads do not need pull-up or pull-down resistors. But if the application
requires an external pull-up or pull-down resistor (PUR or PDR), there is some limitation of the resistor value.
When the output is in a steady high or low DC state, it is exclusively driven by the 1kQ impedance buffer. If an
external resistor is added as either a pull-up or pull-down, a resistor divider network will be formed with the 1kQ
buffer. If the value of the resistor is too small, the Von or VoL will be adversely impacted. If the value is
large (i.e., >50kQ), there will be very little change in the output voltage level.

The formula helps to illustrate how an external pull-up resistor affects the output VoL levels. Figures 9 and 10
show the examples of different output levels by pull-up or pull-down resistors. If an external 50kQ resistor is
connected as a pull-up resistor, then:

1k

VoL = S0k T ik * Vcco = 0.020 * Vcco

Voy = 0.9 = Vcco (min. value, refer to datasheet)
If an external 50kQ resistor is connected as a pull-down resistor, then:

VoL = 0.2V (max. value, refer to datasheet)

\Y% >0k \ 0980V
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OH = 5ok ¥ 1k cco . cco
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ch _____
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'One-shot inactive h(t)
Figure 9. Output voltage with pull-down resistor on the B port
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Figure 10. Output voltage with pull-up resistor on the B port
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Power-On Pull-Up/Pull-Down 1/O state

If the system design must have power-on state high or low (i.e., SPI signal at X86 platform), we recommend
referring to the circuit in Figure 11 for design. Because the direction determination of PI4ULS3V304A/504A at the
moment of power-on will be affected by different IC corners, due to section 2 mechanism PI4ULS3V304A/504A,
I/0 unknown (high-Z both sides) when enable is active. Therefore, we recommend using an RC circuit or CPU
control on the EN pin of the PI4ULS3V304A/504A to adjust the enabling time to PI4ULS3V304A/504A, and
before enable the CPU out-state must be confirmed by push-pull; the bootstrap stage of the system circuit
during power-on is not affected by the initial state of the PI4ULS3V304A/504A. The RC timing value should
follow the minimum requirement of system bootstrap. For suggested timing, see Figures 12a and 12b. If the RC
circuit cannot be used or EN cannot be controlled by CPU in the system, we recommend that the A port
and the B port should be ready by push-pull I/O; this is only for the push-pull structure system, not for
the open-drain structure system. Do not use open-drain drive source in PI4ULS3V304A/504A.

Veea Vees
Veea Vees
RA —|: Veea Vees :I_ RB
PI4ULS3V304A/504A
CPU A Port B Port EE?QIOM
Veea

Figure 11. Application circuit for the bootstrap requirement in the system
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Figure 12a. Timing diagram for the bootstrap requirement in the system (without RA and RB)

Figure 12b shows CPU to 3V304A/504A A port, B port as output, where the B port initial state is high (pull-up 10k)
and the A port is non-pull-up, then the B port remains high after enable until the system protocol is active.

If the user wants the A port initial state as H, then it is necessary to control from the B port, reversing the conditions
in Figure 12b.

In the EN pin, if RC is used, it is strongly suggested to increase the value of C and reduce the value of R.
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Figure 12b. Timing diagram for the bootstrap requirement in the system (A to B, B initial state H)

6. Recommendation

It is strongly recommended not to use PI4ULS3V304A/PI4ULS3V504A for open-drain applications (i.e.,
I°C, SMBus), after enable.

7. Capacitance Load and Damping Resistor

The translator will perform better when the load capacitance in the system is smaller. So we suggest setting the
capacitance load as low as possible. Of course, the value is determined by the timing requirements and the
precise application conditions. But in the worst case, the load capacitance should not be larger than 100pF when
using PI4ULS3V304A and should not be larger than 30pF when using PI4ULS3V504A.

When the PI4ULS3V304A/504A operates with a signal greater than 33MHz in system applications (i.e., BIOS SPI
on X86 platform), we recommend that a damping resistor (i.e., 33Q, depending on the system application
requirements) be connected in series on the A or B port for better Sl quality. For the tested damping resistor and
capacitance load combinations, see Tables 2 and 3. Be aware that the parameters in Table 2 and 3 are for
reference only; the actual resistor and capacitance load value still need to be adjusted according to the
system application.

Table 2. PI4ULS3V304A damping resistor and capacitance load combinations

Test condition Direction Series resistor Capacitive load
AtoB 35MHz
VCCA = 1.8V 70MHz 330 éSEE
VCCB = 3.3V 35MHz
Bto A S0pF
70MHz

Table 3. PI4ULS3V504A damping resistor and capacitance load combinations

Test condition Direction Series resistor Capacitive load
70MHz
AtoB
VCCA =1.8V 140MHz 330 15pF
VCCB =3.3V 70MHz 30pF
Bto A
140MHz
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8. Trace Length on PCB

It is suggested that the PCB trace should not be longer than 6 inches when using PI4ULS3V304A, and 4 inches
when using PI4ULS3V504A. This is because when the delay time of the trace is longer than the one-shot time,

there may be an unexpected status. According to the one-shot structure at the output, a long cable/PCB trace
could cause oscillation at the 1/0, as shown as Figure 13.

Figure 13. Output oscillating when cable/PCB trace is too long
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IMPORTANT NOTICE

1. DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
WITH REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’ products
described herein and application examples. Diodes does not assume any liability arising out of the application or use of this document or any
product described herein. This document is intended for skilled and technically trained engineering customers and users who design with
Diodes’ products. Diodes’ products may be used to facilitate safety-related applications; however, in all instances customers and users are
responsible for (a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of Diodes’ products for their
intended applications, (c) ensuring their applications, which incorporate Diodes’ products, comply the applicable legal and regulatory
requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate safeguards (including
testing, validation, quality control techniques, redundancy, malfunction prevention, and appropriate treatment for aging degradation) to
minimize the risks associated with their applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes
from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated with such
use, and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all damages
and liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent
applications. Product names and markings noted herein may also be covered by one or more United States, international or foreign
trademarks and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any
third parties (including third parties whose products and services may be described in this document or on Diodes’ website) under this
document.

5. Diodes’ products  are provided subject to Diodes’ Standard Terms  and Conditions of  Sale
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document
does not alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or accept any liability whatsoever in respect
of any products purchased through unauthorized sales channel.

6. Diodes’ products and technology may not be used for or incorporated into any products or systems whose manufacture, use or
sale is prohibited under any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any
applicable laws or regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any
damages, losses or penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its representatives
and agents harmless against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, any claim relating
to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may
contain technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is
error-free and Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves
the right to make modifications, enhancements, improvements, corrections or other changes without further notice to this document and any
product described herein. This document is written in English but may be translated into multiple languages for reference. Only the English
version of this document is the final and determinative format released by Diodes.

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such
unauthorized use.

9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-and-
conditions/important-notice

The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.
All other trademarks are the property of their respective owners.
© 2024 Diodes Incorporated. All Rights Reserved.
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