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ABSTRACT

High-throughput is essential for data-center communications, especially in serial interfaces such as Quad-SPI
(single-ended, half-duplex, six channel bus). To verify good signal integrity and maximum bandwidth support,
system designers must keep host/ target devices in proximity, though it is not always feasible to do so. If

such systems require driving these signals over long traces/ connector lengths, it is recommended to use the
TXB0604 or TXB0606 to compensate for the bandwidth loss from the added line capacitance, allowing swift
QSPI flash updates. This application note evaluates the performance of leading design TXB0604 in the market
today in a typical bench setup across three common setups.

Table of Contents

LI L Lo Te [T T2 (o T o TP PR PPPRRP 3
2 How Does the TXB0604 Compare to Legacy and Existing Market Solutions?..............c..ccccoeiiiiii e 3
2.1 Recommended DEVICE SEIBCHON. ........ciuii ittt ettt ea e b e et e s bt et e e sae e e b e e s ab e e nbe e st e e nneenaneen 4
B 0 T 3R 1 ' | SRS S 4
3.1 Performance with Light CapacitiVe LOAUS............ceeiiiiiiiiiee it e et e e et e e snee e e smaeeeanteeeennseeesnneeeaseeeanee 4
3.2 Performance with Heavy CapacitiVe LOAAS. ..........ouiiiiieiiie ettt et e e et e e et e e snseeeenteeeenneeeesnneeeenneeeenns 7
3.3 Performance with Distributed Capacitive LOAdS.............ooo oot e et e e e et e e e eaes 10
4 Design Considerations with the TXB0604/ TXBOGOG6...................cccoooiiiiiiiieeiiieeeieeesieeeseeeseeeeaseeeeeseeeesneeeesseeeeaneeeeennes 14
3 B g oT=To b= T g ot TNV F= L (o] T o SRR SUPPRTPN 14
4.2 Direction Change Walit TIME, TDEUY «-««eeerrereerrrereimureaatereaaeeeeaaeeeeaeeeeaaseeeaaseeeaaseeeaasseesaseeesasseseanseeesaseeesssseeeanseeesnseeesnseees 15
LIS U440 T TSP 16
B REFEIEINCES...... ..otttk b e h ettt eeh et ekt e e ht e e bt e o a bt e R e e oR b e e R et e bt e b et e b e e nh bt et e e nat et e reennee s 16

List of Figures

Figure 3-1. Light Capacitive Load Bench Setup, 1.2V 10 1.8V ... et 5
Figure 3-2. TXB0104, 1.2V to 1.8V, Output Cload = 15pF, BOMHZ.........coooiiiiie e e e 5
Figure 3-3. TXB0604, 1.2V to 1.8V, Output Cload = 15pF, BOMHZ.........coooiiiiiie e 6
Figure 3-4. Light Capacitive Load Bench Setup, 1.8V 10 3.3V ... o i 6
Figure 3-5. TXB0604, 1.8V to 3.3V, Output Cload = 15pF, 80MHZ.........cooiiiiiie e 7
Figure 3-6. Heavy Capacitive Load Bench Setup, 1.2V 0 1.8V ... ittt e e ens 7
Figure 3-7. Competitor, 1.2V to 1.8V, Output Cload = 100pF, 20MHZ............oiiiiiii i e e e e 8
Figure 3-8. TXB0604, 1.2V to 1.8V, Output Cload = 100pF, 20MHZ........ccciiiiie e 8
Figure 3-9. Heavy Lumped Capacitive Load Bench Setup, 1.8V 10 3.3V.......oiiiiiiiiiee e 9
Figure 3-10. Competitor, 1.8V to 3.3V, Output Cload = 100pF , TOMHZ.........coiiiiieie e e 9
Figure 3-11. TXB0604, 1.8V to 3.3V, Output Cload = 100pF , T0MHZ.......cccuiiiiee e e e 9
Figure 3-12. Heavy Distributed Capacitive Load Bench Setup, 1.2V 10 1.8V......coo e 10
Figure 3-13. TXB0104, 1.2V to 1.8V, Output Cload = 20in. Trace + 50pF, 15MHZ...........cocoiiiiiiee e 10
Figure 3-14. Competitor, 1.2V to 1.8V, Output Cload = 20in. Trace + 50pF, 33MHzZ..........cooiiiiiiiiee e 1
Figure 3-15. TXB0604, 1.2V to 1.8V, Output Cload = 20in. Trace + 50pF, 33MHzZ...........cociiiiiieee e 1
Figure 3-16. Heavy Distributed Capacitive Load Bench Setup, 1.8V 10 3.3V.....ooo e 12
Figure 3-17. TXB0104, 1.8V to 3.3V, Output Cload = 20in. Trace + 50pF, 15MHZ...........cocoiiiiiiee e 12
Figure 3-18. Competitor, 1.8V to 3.3V, Output Cload = 20in. Trace + 50pF, 15MHZ...........oooiiiiiieee e 12
Figure 3-19. TXB0604, 1.8V to 3.3V, Output Cload = 20in. Trace + 50pF, 15MHZ...........cccoiiiiiiie e 13
Figure 4-1. Impedance Matching with External Series ReSISION..........coi i e 14
Figure 4-2. TXB0604, 1.2V to 1.8V with Improper Impedance MatChing............ccuuiiiiiiiiiii e 14
SDAA333 — JUNE 2026 Comparative Waveform Study of TXB0604 and Competing Level Shifters 1

Submit Document Feedback
Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com/product/TXB0604
https://www.ti.com/product/TXB0606
https://www.ti.com/product/TXB0604
https://www.ti.com
https://www.ti.com/lit/pdf/SDAA333
https://www.ti.com/feedbackform/techdocfeedback?litnum=SDAA333&partnum=

13 TEXAS

INSTRUMENTS
Trademarks www.ti.com
Figure 4-3. TXB0604, 1.2V to 1.8V with Proper Impedance MatChing..........ccccouiiiiiiiiiiee e 15
Figure 4-4. Determining the Dummy Cycles Needed in Auto-Directional Data FIOW...........c..ccoooiiiiiiiieiiiiieec e 16
List of Tables
Table 2-1. Specs Overview of TXB-TYPE TranSIatorsS. ......cccoiiuiiiiiieiiiiii ettt e e e e s e st e e e e s etbeeeeeseasnaeeaesesnsaeeeanaan 3
Trademarks

All trademarks are the property of their respective owners.

2

Comparative Waveform Study of TXB0604 and Competing Level Shifters SDAA333 — JUNE 2026

Submit Document Feedback
Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SDAA333
https://www.ti.com/feedbackform/techdocfeedback?litnum=SDAA333&partnum=

13 TEXAS
INSTRUMENTS

www.ti.com Introduction

1 Introduction

This app note is an extension of Overcoming TXB-Type Translators Design Challenges, and addresses design
challenges specific to the TXB-type translators (TXB010x, TXB030x, TXB060x). While all three devices resolve
mismatched operating voltages for bidirectional data signals, the TXB0604/ TXB0606 is unique in that the
device also helps designers mitigate noise and bandwidth limitations caused by transmission-line effects. In this
application note, the capabilities of the TXB0604 and TXB0606 is demonstrated through a bench setup of the 4-
channel equivalent, accompanied by waveforms from the leading devices of today. This industry-leading design
enables designers to achieve higher throughput even when faced with moderate to severe capacitive-load
buses, conditions that were previously thought not preferred for legacy or competitive designs. For the
background use case of the TXB0604/ TXB0606 and examples of where it can be applied, see From Bottleneck
to Breakthrough: QSPI Optimization in Data Centers with TXB0604/TXB0606.

For a list of recommended level-translation devices for common interface types, visit TI's Voltage Translators and

Level Shifters page.

2 How Does the TXB0604 Compare to Legacy and Existing Market Solutions?

Both device architectures share similar push-pull buffer based output structures with dampening resistors to
weakly drive the logic state to the appropriate DC level. During a transition of logic signal (AC state), the
one-shots circuitry are activated momentarily providing a fast slew rate to achieve higher data rates. Table 2-1
depicts the characteristics of the differences in the TXB010x and TXB060x against competition.

Table 2-1. Specs Overview of TXB-Type Translators

=50pF + 20 in. trace)

Device
Spec TXB060x TXB010x Competitor
Veea 0.9v- 2V 1.2V- 3.6V 0.9V-2V
Vees 1.65V- 3.6V 1.65V- 5.5V 1.65V- 3.6V
Max Data Rate (Output Cload 180Mbps 100Mbps 140Mbps
=15pF)
Max Data Rate (Output Cload 132Mbps Not Characterized 60Mbps
=100pF)
Max Data Rate (Output Cload 128Mbps Not Characterized Not Specified

Input Architecture Schmitt-Trigger Based CMOS CMOS
Power Supply Restrictions - Veeas Vees -
lorr (Partial Power Down 4uA 2uA 30uA
Leakage)
Iccat lccr 18uA 10uA 36uUA
Internal Series Resistors 1kQ 4kQ 1kQ

One-Shot Impedance (Typ.)

220 (Veco= 0.9V-3.6V)

70Q (Voco= 1.2V- 1.8V)

50Q (Voco= 1.8V- 3.3V)

40Q (Vo= 3.3V-5V)

Input Driver Requirements

Drive Strength: £3mA

Drive Strength: £2mA

Drive Strength: £3mA

Operating Temperature -40C to 125°C -40C to 85C -40C to 85C
Pin to Pin? Y Y Y
Supported Channel Variations 4,6 1,2,4,6,8 -

» For more information regarding TXB translators, see A Guide to Voltage Translation With TXB-Type

Translators and the devices' respective datasheets.
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2.1 Recommended Device Selection

While both TXB0104 and TXB0604 can be used for push-pull auto-bidirectional signal applications, the following
are specific cases where one can be recommended over the other:

The TXB0604 is designed for applications with the following:

» Symmetrical power supplies (Vcca < 0r 2 Veeg)

» 1/Os operating between 0.9V and 3.6V

» High data bandwidth desired up to 100pF output load

* Moderate to heavy lumped, and distributed capacitive loads at the outputs, <20in. of connector lengths
» Slow or noisy input signals

The TXB0104 is recommended for applications with the following:

» 1/Os operating between 1.2V and 5.5V
* Data rates up to 100Mbps
» Short trace lengths/ minimum capacitive loading

3 Case Study

A typical bench setup is emulated to cover three different loading scenarios:

» Light Capacitance; 15pF is added to the output of the Device Under Test (DUT)

» Heavy Capacitance; 100pF is added to the output of the DUT

» Distriubted Capacitance; 20in. Of Cabling length + 50pF is added to the output of the DUT

For each configuration, a block diagram of the setup is provided as a reference, and the corresponding
performance compared with competitors and legacy counterparts is presented. The three situations are tested at
room temperature (25°C) over two voltage ranges: 1.2V — 1.8V and 1.8V — 3.3V.

3.1 Performance with Light Capacitive Loads
The first test assesses each device’s peak performance with a minimal capacitive load. By limiting the output

load to only 15 pF, the user can measure the typical maximum capability of each translator. See Figure 3-1 for
the test setup.
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1.2v,
60MHz 15 pF
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Signal — GND
1.2V,
60MHz
Sq. wave
Signal
— GND
— GND
Figure 3-1. Light Capacitive Load Bench Setup, 1.2V to 1.8V
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Measure P1:max(C1‘] P2:max(C2) P3:frea(C2) P4:rise(C2) P5:fall(C2) P6:duty@Iv(C2) P7:mean(F1) P8:pkpk(F1
value 125V 213V 42.42925 MHz 3.594 ns 3.074ns 35.664 %
status v v & v v a

[Tbase  -145 ns|[Trigger CHAES)]
1.00 V/div 1.00 V/diy| 50.0 ns/div|Normal 1.64 V
0 mV offset -3.000 V of st 10 kS 20 GS/sjEdge Positive

Figure 3-2. TXB0104, 1.2V to 1.8V, Output Cload = 15pF, 60MHz
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Measure P1:max(C1) P2:max(C2) P3:freq(C2) P4:rise(C2) P5:fall(C2) P6:dutv@Iv(C2) P7:mean(F1) P8:pkpk(F1)
value 121V 1.94V 60.27929 MHz 4.019ns 4120 ns 41.669 %
status v v & v v a

1.00 V/div 1.00 V/divj OUtPUt IS passing and level shifts 50.0 ns/div|Normal 1.64 V
0 mV offset -3.000 V of st to 1.8V + 10% 10 kS 20 GS/sjEdge Positive

Figure 3-3. TXB0604, 1.2V to 1.8V, Output Cload = 15pF, 60MHz

With both devices provided the same input signal, the TXB0104 (Figure 3-2) is unable to support the 60MHz /
120Mbps signal—data bits are skipped because the signal exceeds the maximum supported data rate of the
device. The TXB0604, however, can handle the 60MHz signal without issue. At higher VCC, the TXB0604 is
able to achieve 80MHz+ as shown in the setup and waveform.

1.8V 33V

1.8V,
80MHz 15 pF
Sq. wave :I:
Signal = GND

— GND

Figure 3-4. Light Capacitive Load Bench Setup, 1.8V to 3.3V
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Measure P1:max(C1) P2:max(C2) P3:frea(C2) P4:rise(C2) P5:fall(C2) P6:dutv(C2) P7:ampl(C3) P8:ampl(C4)

value 173V 339V 80.001 MHz 3.058 ns 2.808 ns 47.957 %

mean 1.1164 V 1281V 79.9988 MHz 743 ns 6.95 ns 47.7864 %

min 21 mV 20 mV 76.558 MHz 203 ps 229 ps 46.584 %

max 175V 342V 80.881 MHz 94.854 ns 94.968 ns 48.388 %

sdev 797.3 mV 1.609V 155.9 kHz 11.65 ns 10.65 ns 168.0 m%

num 1.53%e+3 1.539e+3 3.955e+3 6.373e+3 5.827e+3 3.955e+3

status v v v v v v

Output is passing and level shifts o OrsIn ISt .08
2.000 V ofst -2.500 V of st to 3.3V + 10% 2 kS 20 GS/sjEdge Positive

Figure 3-5. TXB0604, 1.8V to 3.3V, Output Cload = 15pF, 80MHz

The waveform above captures the signal integrity of the TXB0604 operating at a high data rate under a small
capacitive loading condition.

3.2 Performance with Heavy Capacitive Loads

In the second set of tests, the signal integrity is analyzed with the DUTs operating under a heavy capacitive load.
Both the 1.2V-> 1.8V and 1.8V to 3.3V voltage corners are evaluated.

1.2V 1.8V

?

1.2V,
20MHz _l100pF
Sg. wave :I:
Signal — GND
— GND
Figure 3-6. Heavy Capacitive Load Bench Setup, 1.2V to 1.8V
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Measure P1:max(C1) P2:max(C2) P3:freq(C2) P4:rise(C2) P5:fall(C2) P6:dutv@Iv(C2) P7:mean(F1) P8:pkpk(F1)
value 128V 241V 21.5305 MHz 8.616 ns 4409 ns 34.834 %
status v v v v v v

base 145 ns| [Trigger (AL
50.0 ns/divfNormal 1.64 V|
10 kS 20 GS/sjEdge Positive

T 1.00V/div 1.00 V/di
0 mV offset -3.000 V ofsf|

Figure 3-7. Competitor, 1.2V to 1.8V, Output Cload = 100pF, 20MHz
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Measure P1:max(C1) P2:max(C2) P3:frea(C2) P4:rise(C2) P5:fall(C2) P6:duty(C2) P7:ampl(C3) P8:ampl(C4)
value 173V 339V 80.001 MHz 3.058 ns 2.808 ns 47.957 %
mean 11164 V 1281V 79.9988 MHz 743ns 6.95ns 47.7864 %
min 21 mV 20 mv 76.558 MHz 203 ps 229 ps 46.584 %
max 175V 342V 80.881 MHz 94.854 ns 94.968 ns 48.388 %
sdev 797.3 mV 1.609 V 155.9 kHz 11.65 ns 10.65 ns 168.0 m%
num 1.53%+3 1.53%+3 3.955e+3 6.373e+3 5.827e+3 3.955e+3
status v 4 v v v v

o I : : - figger CAILD
Output is passing and level shifts i
2.000 V ofst -2.500 V of st to 3 3V 4t 10% 2 kS 20 GS/sjEdge Positive

Figure 3-8. TXB0604, 1.2V to 1.8V, Output Cload = 100pF, 20MHz

Observe that the output signal of the competitor (Figure 3-7) is inconsistent with the logic hold times during an
input high state (the output duty cycle time varies and drops to 35%). This increases the risk of a missed data bit
leading to failed communication. The TXB0604 however, is able to pass 20MHz with cleaner signal integrity.
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1.8V 33V
1.8V ?
) 100 pF
10MHz J‘

Sq. wave Signal

— GND

— GND

Figure 3-9. Heavy Lumped Capacitive Load Bench Setup, 1.8V to 3.3V
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Measure P1:max(C1)
value 199V
mean 1.992217 V
min 197V
max 201V
sdev 6.559 mV
num 131
status v

1.00 V/div| 1.00 V/diy|
2.000 V ofst -1.500 V of s

P2:max(C2)
5.01V
5.003171V
499V
5.03V
7.295 mV
131

v

P3:frea(C2)
9.99965 MHz
10.000043 MHz
9.99567 MHz
10.00404 MHz
1.252 kHz

524

v

P4:rise(C2)
3.568 ns
3.58306 ns
3516 ns
3.647 ns
21.76 ps
655

v

P5:fall(C2)
2201 ns
217295 ns
2131ns
2227 ns
15.66 ps
524

v

P6:dutv(C2)
49.292 %
49.27890 %
49.239 %
49312 %
12.63 m%
524

v

P7:ampl(C3)

P8:ampl(C4)

LEDYNE LECRO
veryw! 1erey,mmg£‘ k! |,

2

Measure P1:max(C1)
value 190V
mean 190V
min 190V
max 190V
sdev -
num 1
status v

1.00 V/div| 1.00 V/diy|
2.000 V ofst -1.500 V of st

P2:max(C2)
346V
346V
346V
346V

1
4

P3:frea(C2)
9.99664 MHz
10.000397 MHz
9.99387 MHz
10.00871 MHz
5.694 kHz

4

v

P4:rise(C2)
10.537 ns
10.5829 ns
10.407 ns
10.775 ns
146.7 ps

5

v

P5:fall(C2)
10.455 ns
10.4718 ns
10.357 ns
10.607 ns
106.5 ps

5

v

Output is passing and level shifts

P6:dutv(C2)
50.134 %
50.17817 %
50.134 %
50.254 %
45.59 m%
4

v

P7:ampl(C3)

P8:ampl(C4)

50.0 ns/div} Stop

1.04V

to 3.3V + 10% 10 kS 20 GS/sjEdge Positive
Figure 3-11. TXB0604, 1.8V to 3.3V, Output Cload = 100pF , 10MHz
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The TXB0604 is able to level shift to the expected level of 3.3V at the output with no undershoot/ overshoot. The
waveform of the competitor however, observes a logic high output at 4.4V (Figure 3-11), and can lead to damage
of host/ target devices if this input voltage exceeds the supported absolute-maximum limits.

3.3 Performance with Distributed Capacitive Loads

The third bench test condition covers the distributed capacitance as a result of lengthy PCB traces and
connectors used in between the processor to level shifter, or level shifter to flash device. The bench setup
is evaluated for both 1.2V to 1.8V and 1.8V to 3.3V translation.

1.2V 1.8V

. 20", 50Q Connector .|
b |

1.2v, v J_so oF >
15- 40MHz Sq.
wave Signal :I:
— GND
— GND =
Figure 3-12. Heavy Distributed Capacitive Load Bench Setup, 1.2V to 1.8V
PR T
i MG L oA  comm— e} 08 D, | S|
i | | | f f \ ’ 1 “ 1
e | \ 1‘ l | N | \ \ | ¥

v A AVANETAVAY RN AV
N AN AN AN AN AN YV

pe 4

A
Measure P1:max(C1) P2:max(C2) P3:frea(C2) P4:rise(C2) P5:fall(C2) P6:dutv(C2) P7:mean(F1) P8:pkpk(F1)
value 127V 188V 13.96479 MHz 27.735 ns 11.123 ns 51.951%
status v 4 ke

h rigger (SILY
1.00 V/div, 1.00 V/diy| 50.0 ns/divjStop 500 mV
0 mV offset -3.000 V of s 10 kS 20 GS/sjEdge Positive

Figure 3-13. TXB0104, 1.2V to 1.8V, Output Cload = 20in. Trace + 50pF, 15MHz
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Measure P1:max(C1) P2:max(C2) P3:freq(C2) P4:rise(C2) P5:fall(C2) P6:dutv(C2) P7:ampl(C3) P8:ampl(C4)
value 132V 218V 48.6790 MHz 7613 ns 42.051 ns 60.985 %
mean 132V 218V 36.72 MHz 7.6676 ns 5745 ns 63.216 %
min 132V 218V 24.0697 MHz 7.502 ns 12615 ns 56.376 %
max 132V 218V 48.6861 MHz 7.838 ns 102.896 ns 76.042 %
sdev - — 11.45 MHz 1171 ps 33.77ns 5.547 %
num 1 1 16 6 6 16
v v A

status

1.00 V/div| 1.00 V/diy|
2.000 V ofst -2.000 V of s

50.0 ns/div| Stop
20 GS/sjEdge Positive

10 kS

Figure 3-14. Competitor, 1.2V to 1.8V, Output Cload = 20in. Trace + 50pF, 33MHz
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Measure P1:max(C1) P2:max(C2) P3:freq(C2) P4:rise(C2) P5:fall(C2) P6:dutv(C2) P7:ampl(C3) P8:ampl(C4)
value 124V 182V 33.16096 MHz 7.709 ns 7.734ns 49712 %
mean 735.1 mV 14778 V 32.893 MHz 10.22 ns 10.15ns 49541 %
min 27 mV 40 mV 4.70223 MHz 258 ps 538 ps 11.600 %
max 179V 194V 47.04711 MHz 436.926 ns 403.630 ns 89.112 %
sdev 609.1 mV 708.9 mV 1.658 MHz 16.50 ns 17.20 ns 1541 %
num 446 446 5.192e+3 5.853e+3 5.847e+3 5.192e+3
status v 4 H 7 A &

. - Output is passing and level shifts figger CAL

1.00 V/div 1.00 V/diy| + 0, 50.0 ns/divjStop 760 mV

2.000 V ofst -2.000 V ofs] to 1'8V — 10/’ 10 kS

20 GS/sjEdge Positive

Figure 3-15. TXB0604, 1.2V to 1.8V, Output Cload = 20in. Trace + 50pF, 33MHz

The TXB0104 and competitor device cannot accommodate long cables due to excessive parasitics; the low-level
output voltage becomes coupled to the transmission line, causing a glitch that raises VOL to nearly 800 mV. The
TXB0604 observes the best signal integrity in this application.
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. 20", 50Q Connector .|
2
1.8V, 15MHz v J_50 -
Sg. wave P
Signal

— GND
— GND =

Figure 3-16. Heavy Distributed Capacitive Load Bench Setup, 1.8V to 3.3V
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Measure P1:max(C1) P2:max(C2) P3:frea(C2) P4:rise(C2) P5:fall(C2) P6:dutv@Iv(C2) P7:mean(F1) P8:pkpk(F1)
value 193V 341V 14.85914 MHz 44.309 ns 9517 ns 16.104 %
status v v v

1.00 V/div| 1.00 V/div|
0 mV offset -3.000 V of st}

Figure 3-17. TXB0104, 1.8V to 3.3V, Output Cload = 20in. Trace + 50pF, 15MHz
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Measure P1:max(C1) P2:max(C2) P3:frea(C2) P4:rise(C2) P5:fall(C2) P6:dutv@Iv(C2) P7:mean(F1) P8:pkpk(F1)
value 198V 331V 48 28964 MHz 28.502 ns 29.736 ns 43774 %
4 v

status v

1.00 V/div 1.00 V/diy| 50.0ns/divjStop 164V
0 mV offset -3.000 V ofsf 10 kS 20 GS/sjEdge Positive

Figure 3-18. Competitor, 1.8V to 3.3V, Output Cload = 20in. Trace + 50pF, 15MHz
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Measure P1:max(C1) P2:max(C2) P3:frea(C2) P4:rise(C2) / P5:fall(C2) P6:dutv@Iv(C2) P7:mean(F1) P8:pkpk(F1)
value 189V 338V 14 99315 MHz 7267 ns 7440 ns 45.046 %
Stallls s v v Output is passing and level shifts v o
T 1.00 Vidiv 1.00 V/div} to 3.3V +10% 50.0ns/divfStop 164V
0 mV offset] 3000V ofst 10kS 20 GS/s|Edge Positive

Figure 3-19. TXB0604, 1.8V to 3.3V, Output Cload = 20in. Trace + 50pF, 15MHz

The output behavior is unacceptable for the legacy and competitor waveform as the output data is drastically
different from the input signal. In Figure 3-19, observe that the input signal edges become corrupted as the
output side drives back into the input. The TXB0604 however, is able to observe improved signal integrity for test
case in comparison to the TXB0104 and competitor device.
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4 Design Considerations with the TXB0604/ TXB0606

While the TXB0604 and TXB0606 can be used to resolve signal integrity concerns surrounding transmission
lines, there are some design considerations to consider to achieve the best performance.

4.1 Impedance Matching

Overshoot and undershoot are common symptoms of driving long transmission lines if they are not properly
addressed. These problems arise because the strong output impedance of the level shifter during state
transitions do not match the impedance of the transmission medium. Adding damping resistors can mitigate
this effect. System designers should use series termination resistors as close as possible to the output of the
TXB0604 to better match the output impedance of the driver to the transmission line. Verify that the impedance
values are properly fitted and tested depending on impedance characteristics of the system.

External Series
Resistor, Zs

A%

Output Impedance Transmission line
of device, Zo characteristic
impedance, Z;

Receiver device

—>

N
Ne——

Figure 4-1. Impedance Matching with External Series Resistor
Zo+Zs= Z (1)

The provided example below shows the TXB0604 under identical bench setups except the inclusion of the
dampening resistor on Figure 4-2. Observe the higher Vgp (2.22V) compared to the expected 1.8V as shown in
Figure 4-2.

qi‘ TELEDYNE LECROY

Everywhereyoulook”

&
Measure P1:max(C1) P2:max(C2) P3:freq(C2) Pd:riseiC2) P3:falliC2) P6:duty(C2) P7:mean(F1) P8:pkpk(F1)
value 127V 222V 30.0038 MHz 8.246 ns 8.474 ns 50.154 %
g 4 & L 4 i
Thase -145 ns [ Trigger ()18
50.0 ns/divf Stop 500 mV/,
10 kS 20 GS/sjEdge Positive

[C1]
1.00Widiv 1.00 V/diy
0 mV offset] -3.000 V ofs

Figure 4-2. TXB0604, 1.2V to 1.8V with Improper Impedance Matching
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P1:max(C1 P2:max(C2) P3:frea(C2) Pd:riseiC2) P3:falliC2) P&:duty(C2) P7-mean(F1) P8 pkpk(F1)

125V 177V 30.0605 MHz 8277 ns 8.093 ns 49.538 %
[Thase  -145 ns| [Trgger (HIGE]
50.0 ns/div} Stop 500 mV
10 kS 20 GS/sjEdge Positive

L' L & v W i
Figure 4-3. TXB0604, 1.2V to 1.8V with Proper Impedance Matching

1.00 V/diy
0mV offset]  -3.000V ofs

4.2 Direction Change Wait Time, Tpcw

While the device supports auto-bidirectional signaling, it requires a brief idle period during which no
communication takes place. This pause allows the I/O drivers on the A—B and B—A sides to settle and

ensures the signal direction changes correctly. The time required to switch direction is referred to as Tpcwy
(Direction-Change Wait time). System designers should respect this interval and ensure that signals do not
propagate through the device in the opposite direction until the drivers have settled in their new state. Otherwise,
the signal will be ignored and will not be able to drive back into the device. The Tpcy specification is listed in the
Switching Ch. Table for the respective VCCA values of the TXB0604/ TXB0606 datasheet.

In QSPI applications, the 1/O lines are often bidirectional, and the interface uses dummy cycles between read
and write operations. These dummy cycles effectively provide the minimum turnaround time required by the
MCU, the external flash, aas well as for the TXB0604/TXB0606. System designers must calculate the total
time taken from the sum of the dummy cycles needed to meet this minimum turnaround time to satisfy all
components.
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Observing the Tpyy is critical to prevent communication errors, missed data bits, and incorrect data capture.

/CS —\

X Dummy Cyclei*s

I0s switch

. . from Receive
, Total Time Duration of  / to Send

10 —
O
SO0 —

0s [ X O
0, [ XA OG—

| Direction of Data Flow | Direction of Data Flow,
Host — Flash ' ' Flash — Host '

Figure 4-4. Determining the Dummy Cycles Needed in Auto-Directional Data Flow

5 Summary

In this app note, the performance of the TXB0604 is provided through a series of different test setups in
comparison to legacy counterparts (for example, TXB0104) and competition equivalent. As the results show,
the TXB0604 consistently outperforms peers and provides system designers with an alternative, cost effective
design for signal integrity concerns.

6 References

» Texas Instruments, From Bottleneck to Breakthrough: QSPI Optimization in Data Centers with TXB0604/
TXB0606, application note.

» Texas Instruments, A Guide to Voltage Translation With TXB-Type Translators, application note.

» Texas Instruments, From Bottleneck to Breakthrough: QSPI Optimization in Data Centers with TXB0604/
TXB0606,, application note.

» Texas Instruments, Schematic Checklist - A Guide to Designing with Auto- Bidirectional Translators,
application note.

» Texas Instruments, Do's and Don'ts for TXB and TXS Voltage Level-Shifters with Edge Rate Accelerators,
application note.
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