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5V=—Vcc SV-T"Vcc
4.44V=—1=V0OH
0.7Vee—+—ViH
0.5Vec=T—Vr 24V=T"VoH
2V——V
0.3Vee=t=V|L 1.5V=—p—VT
0.8 V=V
0.5V=—=VoL 0.4 V——VoL
0V——GND 0V——GND
5V CMOS 5V TTL

3.3V=—"VceC
24V VOH
2V=1T"VIH
15 V=——Vr
0.8 V——V|L
0.4 V=——VoL
0 V——GND
3.3VLVTTL

Figure 1. Digital Switching Levels

25 V==V
2.0 V——VoH 1.8V—Vce
1.7V——VIH VCC-{].45V__V0H 1.5V=—=Vec
065Vec=1=VIH 0.65Vcc=t—ViH
0.7 V—f—v, ——
IL  0.35Vee VIL 0.35Vce = ViL
0.4 V=—t=VoL 0.45 VetV
0V——GND 0 V—l—GND 0 V== GND
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Bits (number of level shifting channels)
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Overview of device families

|
abit | | SN74AXCET245 TXV0108 SN74LXC8T245 : LSF0108 Family AXC AVC [\'[H LSF XB XS AUP LVIT
GPI0, RGMII 065V to 3.6 V; 380 Mbps 1.65V 10 3.6 V; 500 Mbps 1.1V10 5.5 V; 420 Mbps | | 095V1055V; 200 Mbps Class Direction controlled Auto directional Uni-directional
| | .
: Interfaces supported ‘ Push-pull OP:lj‘;ﬁf::ﬂl O pushpul | Open-drain Push-pull
&-bit : TXBO106 V.. (V) 0651036 121036 1651055 09055 121055 121055 091036 1.651055
Quac-SP || 12Vi95SVI100 Mass Drive strength (mA) 12 12 2 — 002 002 4 | 8
: Max data rate (Mbps) 380 340 300 200 140 100 380 100
abit | | sn74AXCAT774 TXUOx04 CD4x : TXS0104E Max bits ‘ 8 ‘ 82 16 8 8 8 1 ‘ i
GFIIZOS’LT:IQAf 0.65Vto 3.6 V;310 Mbps 1.1Vt0 5.5 V; 200 Mbps 3V1o18V; 24 Mbps I | 1.65Vt05.5V;24 Mbps
! |
| Select by interface
|
anit || SN7aaxcaTTZS TXUD3D4 || TXBO104 |Interface 2Ch 4Ch 6Ch 8Ch 16Ch
SPI, JTAG 0.65Vto 3.6 V; 310 Mbps 1.1V 10 5.5 V; 200 Mbps : 1.2V 10 5.5 V; 100 Mbps SPI — SN%%Y” - SN74AXC8T245 ‘ SN74AVC16T245
|
SN74AXC4T774 SN74AVC8T245
I — _
) I UART TXB0104 SN74AXCBT245 SN74AVC16T245
2-bit | mEveE SN74AXCAT774
SMB&%’;‘@& | 15 viossvizamns JTAG — TR - SN74AXCBT245 ‘ SN74AVC16T245
| TXB0104
_ | I’s - SNTAAXCAT245 — SN74AXC8T245 SN74AVC16T245
o szén SN74AXC2T245 SN74LXC2T45 TXUOx02 : TXB0102 7% TXS0102 TXSO104E _ TXS0108E .
: UAR‘f 0.65V to 3.6 V; 380 Mbps 1.1V 10 5.5 V; 420 Mbps 1.1 10 5.5 V; 200 Mbps } | 12V105.5V;100 Mops LSF0102 LSF0204 LSF0108
I MDIO TXS0102 TXSO104E _ TXS0108E _
[ LSF0102 LSF0204 LSF0108
G1F;:Jci!t SN74AXC1T45 2N7001T TXUO101 : LSF0101 SMBus TXS0102 TXS0104E _ TXS0108E ‘ .
clock signa'\ 065V ta 3.6 V; 380 Mhps 165V 1036 V; 100 Mbps 1.1 18 5.5 V; 200 Mbps | | 0.95V105.5V: 200 Mbps LSF0102 LSF0204 LSF0108
I | RMII/RGMII — — TXB0106 SN74AXC8T245 SN74AVC16T245
Quad-SPI — — TXB0106 - \ —
Translation products Spio — LSF0204 — LSF0108 —

[I Direction-controlled D Fixed-direction Auto-direction
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> DIRHLFYeiE ¥ #7719

Veea DIR Voes

The DIR pin determines the direction of signal
propagation. With the DIR pin configured HIGH,

VEE A translation is from Port A to Port B. With DIR
. configured LOW, translation is from Port B to Port A.
(1)DIRM S, 22 B2 VCCA; The DIR pin is referenced to Vg, meaning that its
(2) R F305 1 T B S R I 2 logic-high and logic-low thresholds track with Vi ca.
(&VCCA;FDVCCBj:HXﬁK/J\%E% Table 7-1. Function Table
INPUT™ | oPERATION
L B data to A bus
H A data to B bus

(1) Input circuits of the data I/Os
always are active.

SN74AXC1T45 7
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Wide supply voltage range:
. VCC(A): 0.8Vto36V
. VCC(B): 08Vto36V

NOTES: +— High noise immunity
+  Complies with JEDEC standards:
1. Veais the Ve associated with the input port. - JESD8-12 (0.8 Vto 1.3V)

- JESD8-11(0.9Vto 1.65V)
« JESD8-7 (1.2V1to 1.95V)
| 3. Veeamust be less than or equal to Vees, and Veea must not exceed 5.5V. + JESD8-5(1.8V1o2.7V)
- JESD8-B(2.7Vto36V)
Maximum data rates:
= 500 Mbit/s (1.8 V to 3.3 V translation)

BCTO 1 04 * 320 Mbit/s (<1.8 V to 3.3 V translation)|
= 320 Mbit/s (translate to 2.5 V or 1.8 V)
= 280 Mbit/s (translate to 1.5 V)
= 240 Mbit/s (translate to 1.2 V)
* Suspend mode
+ Latch-up performance exceeds 100 mA per JESD 78 Class ||
* Inputs accept voltages up to 3.6 V

Low noise overshoot and undershoot < 10 % of Ve

lopr circuitry provides partial Power-down mode operation
* ESD protection:

*  HBM: ANSI/ESDA/JEDEC JS-001 class 3B exceeds 8000 V

« CDM: ANSI/ESDA/JEDEC JS-002 class C3 exceeds 1000 V

2. Vego Is the V¢ associated with the output port.

74AVC2T45
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<4 z] AL > ! | !
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GND — DIR | | !
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|
DIR CTRL DIR CTRL e — R g
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System-1 and system-2 must use the same conditions, i.e., both pull-up or both pull-down.
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Table 4. Function table

H = HIGH voltage level: L = LOW voltage level, X = don't care; Z = high-impedance OFF-state.
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Supply voltage Input Input Output
Veea, Vecs OE A YB
09Vto55V H L L
09Vto 55V H H H
09Vio58V L X z
GND{1] X X z
Flnating 2 X X z
NXU0101
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5. Functional diagram
_|A > hdl — —

001aac538

Fig.1. Logic symbol

001aac537

Fig. 2. IEC logic symbol

sssssssss

Fig. 3. Logic diagram

Table 4. Function table
H = HIGH voltage level; L = LOW voltage level.

74AUP1T34

Input

Output

A

L

H

The T4AUP1T34 s a single dual supply translating buffer. Input Ais referenced to Vg and
output Y is referenced to Voyy,. Schmitt-rigger action at all inputs makes the circut tolerant

of slower input rise and fall times. This device ensures very low static and dynamic power
consumption across the entire Vo range from 1.1 V10 3.6 V. This device is fully specified for
partial power down applications using lor. The loer circuitry disables the output, preventing the
potentially damaging backflow current through the device when itis powered down,

11
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5V
R1
10K
U2
TXD 1.8V 1%A 1Yg —— TXD 5V
GND VCC —-lm
M3on v X o
L SN74AUP2GO7DSFR
o 2 3.3-V input signal
§ —— i i - b
) i signal vtk Rias &1 i
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8 Detailed Description
8.1 Overview

The SN74AUP2G07 device is a dual buffer gate with open-drain outputs that operate from 0.8 V to 3.6 V. The
output of this dual buffer/driver is open-drain, and can be connected to other open-drain outputs to implement
active-low wired-OR or active-high wired-AND functions.

This device is fully specified for partial-power-down applications using l,s. The oz circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.The |4 feature also allows
for live insertion.

8.2 Functional Block Diagram

1A 9 1Y
2A 9 2y

SN74AUP2G07

33V
33V -1
[ [
10 k@ I
L] L
Vee
4| 1A 1Y
uC or System j SN74AUP2GO7 [ puC/System
Logic - Logic/LEDs
2A 2y

& 9-1. Typical Application Schematic
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[0 TXB/NXBEU3AFH

> TAEJRE:
(1) One-shotH 5 TAF, RidEf7 m el hiflk
(2) One-shotH <], 4KQRHEFH _EH7

R1
™

Qa1 ouT
NX3008NBK
TR :‘ —
T
TRIG

T N ok
(93]

560pF T(sec)=R1*C1

(approx)

D. Ratiometric one-shot (non-inverting)

A-port

A

T

B-port

f

Figure 2. Basic TXB010x Architecture
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Figure 2. Basic TXB010x Architecture
_ 4kR 4RD _
Vor = 4k2 + R1 Vees = 4kS(2 + 50kS2 Veen =

O . 075 ° VCCB VOH
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12.7. Pull-up or pull-down resistors on /O lines

As mentioned previously the NXB0104-Q100 is designed with low static drive strength to

drive capacitive loads of up to 70 pF. To avoid output contention issues, any pull-up or pull-
down resistors used must be kept higher than 50 kQ. For this reason the NXB0104-Q100 is
not recommended for use in open drain driver applications such as 1-Wire or I%C. For these

applications, the NXS0104-Q100 level translator is recommended.

A-port
—

shot

..............

ranslator—Q

I[T. =

Figure 2. Basic TXB010x Architecture

_ Rl s0k2
4k + R1 BT AR + 50k 9P

50k(?2

=0.925 - VCCB

14
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O TXB/NXBELSMEREEE R

EM,MZ ?ﬁ?"l‘ ikX]Lfm _’35‘/ 32

XD 1.8V

TXD 3. 37

Sender NXB0104

RXD_1. 8V

RXD_3. 3V

LA % 1.2V % 1.8V #4JfLA 32Mbps S IE 1T MBI 9. A 20+ i aseh ki | T DU 31K

AP 4-1 1997 -

Al h r’\ { [
Il b; U'mi“\ 'Mm\du‘ U j WMAJ‘V'ﬂ“irlf\rﬁ‘w'lu ﬂ\\uUJUllufﬂb U J\L‘L

Measure P1100(C1) PZ100/C2 P3.dutviC2) PdskewiC1.C2) PSnselC2) PE1aNC2)
12100V 116V 59 % 5783308 51190
x x

4 4-1. TXB0304 , 1.2V & 1.8V ¥4 , {HH =+ L3I i A2k

RXD_3. 3V

Receiver

A
YT

PT.ovihe(C2) P8 frealCH)
94 6680 Mtz
a

12.7. Pull-up or pull-down resistors on I/O lines

As mentioned previously the NXB0104-Q100 is designed with low static drive strength to
drive capacitive loads of up to 70 pF. To avoid output contention issues, any pull-up or pull-
down resistors used must be kept higher than 50 kQ. For this reason the NXB0104 Q100 is
not recommended for use in open drain driver applications such as 1-Wire or | °C. For these
applications, the NXS0104-Q100 level translator is recommended.

NXB0104

With regard to capacitive loads, TXB translators are designed to drive up to 70 pF without issue. If
capacitive loading is larger than 70 pF, the O.S. will time-out after 10 ns and subsequently turn off before
the output voltage is driven fully high or low. From there, the output will continue to rise or fall based on
the RC time constant determined by the 4-kQ buffer, load resistance and capacitive loading. To ensure
reliable operation, system designers should keep capacitive loading for the TXB-type devices to 70 pF or
less. With no external loading, the one-shot circuits will remain on for approximately 4.5 nsec. The
duration of the one-shots is related to the output voltage level. The output high voltage at which O.S.
switches off is approximately 95% of full scale, while the output low voltage at which O.S. switches off is

approximately 5%. TXBO 1 04

15
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[0 TXB/NXBEYSMNEBRE T PTEL

FER 43 /0 OV A1 OO PO A0 0 1 . 5 O 1 Pt
(1) ARBLR s K |
(2) {ZERERK b 8 B R R

& 4-2. TXB0304 , 1.2V % 1.8V ¥:# , i/ 9 W~THHA%k

ArRAFRFAA

M ovsh+(C2) PBfreal
value 50.192 25 9%: 72% 6.0009 Mz
status L

la " (~] [CT)

& 4-3. TXB0304 , 1.2V £ 1.8V ¥ , i/ 4 Jo-Tihi ALk B P SR K IR

16



BziR5 B

SEEEIR

* i 2 o

1 TXS/NXSEURFN

> TAEJREE:

(1) One-shotH 5 T/E, s
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(3) WEB10KQ_FF7 H B b m

Veea v,
’—4 053
Roua P2

084
m [ 'm
|
A =R
— mﬁ R
081 o
P1 [[>—{One-Shat
. (] —
Nt | One-Shat ™
L NIN
|
SIBL L

3V T

18V 1

e Output
signal

Input
signal

_

Time - ns
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|
One- One-
m FP shot shot ﬂ:{ T2

R1 ‘

10k

A 1
L 2 N2 L 2

R2
10k

Figure 2. Basic TXS0101, TXS0102, and TXS0104 Architecture
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O TXS/NXS#UPass-gate transistor

These TXS translators are FET-based architectures that utilize an N-channel pass-gate transistor to open
and close the connection between the A-port and B-port. When a driver connected to A or B port is low,
the opposite port is, in tum, pulled low by the N2 pass-gate transistor. This pass-transistor type voltage
translator is ideal for down-translation and over-voltage protection.

Figure 3 shows the transfer characteristics of the N2 pass-gate transistor, where the threshold voltage (V;)
is approximately 1 V and the gate bias voltage (Vgare) is as shown.

—— Veare =43V
2 —— V=35V
2
22
2 “—— Vgare=28V
S = "
= = “— Veurg=25V
2
L w —— Vgare=22V

V)
Figure 3. Transfer Characterisitics of an N-Channel Transistor

18
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[0 TXS/NXSE!Pass-gate transistor e
VDCA vm:a
r'y
il oot [ T2
' R1 | R2
LS ol B v fn 22
. | .
10k 10k Q BB
2.2V 1.2v /ﬁ L2V g
= i e
o A . Q"f‘ ,% B OV .
P N2 o
< °
Veea Vees
Veea v
A
. - P ohar oot [ 4[ 72
P shot anot [ LT2 a1 | R2
a | R 10k 10k
1 2 2.2V
o Lo ] v | | T Liv,0
1.8V P% <
A /— N2 i 2 °
)
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[ LSFEYFRFM

> I{/EJEIE VREF1 VREI;ZN
> 1PMMOSTENZHEI L, Wi VREFMEN

SCL1 SCL2
controller C target devices

> 2 IFRIMENKEIEEI B EMOSH S R

F
h

@
=
o

i

Vpu(p) = 33V .
open-drain o
Y/ =33V peripheral
200 mr] CCE) high voltage | | N N _ »
I/0 bus o
PCA9306 r
Vretny = 1.8 V() 8|EN []RPU HRPU s00k0
l VREF1 |, 7| VREF2 .
H] ¢ Q 1kQ 1kQ 1kQ
Rpu | |RPU ;
Vee | Vee J- VREFB B1 B2 B3 © _%es Bn
scL SCL1,13 '_H—ISW | 61,5CL2 scL 0.1 uF (crain) ’
Koot e I en] | oo, | {T'—, , L|'—, ; L|'—I , H-— GND
CONTROLLER soat |a s| soaz DEVICE |,_ [ — — pass — /-J-/
SDA SW[ SDA reference t istors —
NVT20xx transistor rans
GND 1 GND (source)
’J7 ,-J;BND /-J., Vegmy =12V VREFA A1l A2 A3 see An
open-drain
CPU low voltage Tl:| —IIZI —llzl _]I:
/O bus ]
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1

7,

[ o J

Lo J

FHERBAS . DZIAISAFAEPNSS, HiEMOS [ JIRSMBLS £ ik, ESHMDZ FE A 4 e
K AR E (EAIMOSE RTINS, IO B 5E T Lk L
Dif /& St () HLU AR T-Vbias-Vth, MOSYJw] LLGil,  SEHLR ) f P 4

1.
2. #
3. ki

7
it

Inversion

Depletion
layer

layer
/

When the applied

= voltage Vs is
increased
}-‘ Ves =0 Vgs < Vr Ves 2 Vr
S Without bias With bias applied
N3 Fig. 7 N-ch MOSFET Formation of inversion layer depending on bias state
D D D
y:N F:S

. B & HB——"I HB_ Gate bias
G — I G = ¥ G = ¥

Enhanced Type MOSFET

Drain (D) Drain (D)

LD Lo
Ve Ve T VDs
Gate (G) T Vps Gate (G)

Source (S) Source (S)
N-Channel P-Channel
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Normal Setup Ve=+33V
Vref_B
suppl Veer< Ve
pply cc1< Vea 200 kO
Veer ::1,8 v
Vref_A 200 kQ EN
supply v +1.8V +Vm
§ &J § R:u
Vref_A EN Vref_B
[ e -7 § Ray § Ray +
| 1 Ve —
: [ VvVBPU Veert| TiT Vrer2
—1 I -
1
[
: T ; =
I & Vref_A+ Vo,
I - | SDA1 SDA2 )
Al | 1 . Bi1 - N
o ___ :
—_ SCL1 SCL2
Figure 1. Basics of LSF010x Theory of Operation

P FIATE 1

1. ZEMOSE MENE IWVEN=VREF1+VTH

2. HAhSW (MOS%E) MENEMMZSEEENIERE I, VEN1=VREF1+VTH,

& 8-1. Normal Setup

RO EN 2

* i 2 o

Talking about hardware
Abnormal Setup Veca=+3.3V
Veer < Vecz 200k O
Veoi=+1.8V

Vreri

SDA1

SCL1

VEN2=VREF1+VTH

SDA2

g Rey § Rpu

SCL2

& 8-2. Abnormal Setup

T PR LG

3. BN TVREF1RS, SWS, 4—imH % TVREF1, SWIRF W, 24—~ K TVREF1K, SW5E4Ehr
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O LSFEUAFNAERESH

Normal Setup Ve=+33V
Veer< V,
cc1 cQ 2w kQ
Veer =:1.8 Vv
[ EN
v +1.8V + Vmy
Reu §R,u
SRy Ry G
> I
Vrert -‘; T T Vrer2)
—)
=
| SDA1 SDA2 | 1
SCLU1 SCL2

F 8-1. Normal Setup

RIREEEN S

Normal Setup Vea=+33V
Veer< Vew
S200k0e——
. A L BLA A8 1T B AEN
: EN
:
2.4V SR ZRe
RuZ R gy Vf'a '
Vrer1 T T Jﬁm—h———____
ki/ o e
= Iner2 = 4 pA \
ol i D g TR, Rl
RN, ENYYIH R
B, MOSOCHT, Wil
scLt scL2 Wi, ENGS XN,

[ 8-1. Normal Setup

MOS il
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VCC2-VCC1<VTH=0.6V 20V yeer
I 8-2 shows an improper set up. If Vg, is larger than Ve, but less than Vi, the impedance between V¢, and
Vcez is high resulting in a low drain to source current, which does not cause damage to the device. Concern R1
arises when V¢, becomes larger than Vgcy by Vi, During this event, the NFET turns on and begin to conduct
current. This current is dependent on the gate to source voltage and drain to source voltage. G 20V
Abnormal Setup Vege=+3.3V
Voor « Voez 200kQ
Vooi= +18V vecl rob T
T 2.0V
ﬁ EN 1.8V 8 T D
. w
Reu S Rey
2 Rey S Rey voll— < Bt
Veeri| © T i‘r Vrer '
A SDA1 SDA2 L =
SCL1 SCL2

[ 8-2. Abnormal Setup

28V v
VCC2-VCC1>VTH=0.6V
R HEL S i
G 28V
veel =
gy = T4L p 2
i <t = =/
3 Bl

1“
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O LSFESHRFMMNER ERIEBRE
VCC(B) - VCC(A) > 1V
Voo Veee)
| NVT20XX
VCC(A) I_rs VCC(B] VC V
— VREFAl2 = 5 — __casrrous _ 3.3V=0.15V _
- A Ry =~ 2 ~ R = 25035 ~ 30=3120
= 4
A 5
,J7GND ,lGND rLGND
002aag908
Vecw) Vece)
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O LSFEFRFMIMER ERIEBFH
VCC(B) - VCC(A) <1V

Veca) Vees)
NVT20XX
Rou(a) 200 kQ
vecw VREFA |2 r—l—| 2 \EszFB Yocs
12c-BUS Sw 12c-BUS
MASTER DEVICE
SCL A3 en]l4l.B |/ scL
/ 7
154 L
1
J7GND ,J_EEND IJ-(,SND
002aag910
Veca) Vece)
NVT20XX
Rpu(A)
6
Vecn) Veem)
VREFA|2 |—E|
12C-BUS swh—2 12C-BUS
MASTER ::E: DEVICE
SCL ! ALl3 [onl—4l.B1 | | scL
NG 1SS Vi@, .
™
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1
GND
rJ’GND ,J, I_J’GND

002aag911

[ = Lccurloun | VeasyVous
DA™ Rpga) Rpu(By+Rsw
[ = LCCATVILA) | VeaBrxB)
DB~ Rpua Rpu(B)
VeearViya
Viwy = Ve~ [_Rph(,q] X (Rpugay+ Rsw)

pu=

- Ay VousrVeaBy Vous) _ 2.5v-02543.3V-025V _ 01

Ipa) = 10mA

_VeeurVigatVeasy Vina) — 2.5v-0.25v+3.3v-0.257 3530
ID(B) - 15mA -
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SOCHHMEKRIZ(ES, DIRELEHixSE 6 H G AR B Vioea I Voo FU A FE G
v o Z 065V Bt , R ER T/E. A W0 H TR
TXDid /5 2 Veca . 148 0] 245 0.65V & 3.6V 16 Bl i A4E i i
P K. B i O FEREE Vees , %46 1 H W S FF

328 Ay 0.65V & 3.6V 31 [ P (AT AL i I
: DIR 5| Bl {5 S 463% 10 J7 17 . DIR B BIRCE M d ¥
3 W, 5 S FH MmO A JiFs 0 B. DIR FoE A KH
e T S, M A B A A. DIR 3IHHIEL Veca N3
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O =12 ODI JgihRg#IERRK

SRR TR AL, 20nsV, MOV EFFFI1.8V, & 5 Dperaina Ranges (o)

= - N o~ AL, Fﬁ Characteristics Symbol Note Test Condition Rating Unit
#36ns. I Hh A I/240ns, JoiESEILIEH B TR Sy vtoge e - Torss | v
(Note 1) — 151055
Input voltage Vin —_ 0to 5.5 v
‘Output voltage Vout — 0to 5.5 \4
3.3V (Operating temperature Topr (Note 2) — -401o0 125 ‘C
(Note 3) 40 o0 85
Input rise and fall time dtidv I Vec=18+015V, 25202V 0to 20 ns/\V
R3 1.8V Lk Vee=33+03V 0to 10
10K Vec=501£05V Oto5
051 us Rz

e I RN 10K
7] ri-state VDD C 5

GND ouT INAFFHEYCS CLK_IN_25M
GND
Z5MFz
TCTSZ0TFELICT

40ns
LIP3,
36ns
b woe

28



" d

FEEHREEH)

O F=H13: EAFEBESEREFaE

3.3V
33V
1.8V R7
uUe 47K
R5 ee 14
®)  vee) R6
TXD > 3 A1 Bl o > R0
330 a2 B2[2 30
=g A3 B3 TB
= A4 B4 3%
“2NG NG 2= R4 L
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A Guide to Voltage Translation With TXB-Type Translators

A Guide to Voltage Translation With TXS-Type Translators
Voltage-Level Translation With the LSF Family
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