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LEVEL SHIFTER

AEC-Q100 4-BIT BIDIRECTIONAL VOLTAGE-LEVEL TRANSLATOR

DESCRIPTION

The AL0104-Q is a 4-bit non-inverting, bidirectional
voltage-level translator that provides digital
switching compatibility between mixed-voltage
systems. It uses two separate configurable power-
supply rails. The A ports support operating voltages
from 1.65V to 5.5V, while the B ports support
operating voltages from 2.3V to 5.5V, with each port
voltage tracking its respective VCCA or VCCB

supply.

The AL0104-Q supports bidirectional voltage-level
translation between 1.8V, 2.5V, 3.3V, and 5V logic
levels, enabling reliable interfacing between
systems operating at different voltage levels.

When the output-enable (OE) input is low, all 1/Os
are placed in a high-impedance state, significantly
reducing power-supply quiescent current
consumption. OE has an internal pull-down current
source as long as VCCA is powered. To ensure a
high-impedance state during power-up or power-
down, OE should be connected to GND through a
pull-down resistor. The minimum resistor value is
determined by the current-sourcing capability of the
driving device.

The ALO104-Q is available in QFN12(1.7x2),
QFN14(3.5x3.5) and TSSOP14 packages.

ORDERING INFORMATION

Package Type Part Number
QFN12(1.7x2) Q12 AL0104Q12VR
SPQ: 4,000pcs/Reel ALO104Q12VR-Q
TSSOP14 ALO104TMX14VR
TMX14
SPQ:4,000pcs/Reel ALO104TMX14VR-Q
QFN14(3.5x3.5) Q14 AL0104Q14VR
SPQ: 5,000pcs/Reel AL0104Q14VR-Q
R: Tape & Reel
Note V: Halogen free Package
Q: AEC-Q
AiT provides all RoHS products

FEATURES

Suffix Q devices are AEC-Q 100 Qualified.
Direction-Control Free Operation
Supports Data Rates:
24Mbps (Push-Pull Mode)
2Mbps (Open-Drain Mode)
® Wide Supply Voltage Range: (Vcca < Vces)
Vcea: 1.65V to 5.5V
Vces: 2.3V to 5.5V
® Vcc Isolation Feature:
If either Vcca or Vecs is at GND, both A and
B ports remain in a High-Impedance state.
® No Power-Supply Sequencing Required:
Either Vcca or Vces may be powered up first.
lorr Supports Partial Power-Down Operation
Extended Operating Temperature Range:
-40°C to +125°C

APPLICATION

[ ) Automotive Infotainment
®  Advance Driver Assistance Systems (ADAS)
) Telematics

TYPICAL APPLICATION
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PIN DESCIPTION
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_ Top View
Top View Top View
PIN#
Symbol 110 Function
QFN12 | QFN14 |TSSOP14
/A Port Supply Voltage. 1.65V < Vcea < 5.5V and Vccal
1 1 1 Veea P
< Vces
2 2 2 A1 I/O |Input/output A1. Reference to Vcca.
3 3 3 A2 I/O |Input/output A2. Reference to Vcea.
4 4 4 A3 I/0  |Input/output A3. Reference to Vcca.
5 5 5 A4 I/0  |Input/output A4. Reference to Vcca.
- 6 6 NC - |No internal connection.
6 7 7 GND GND |Ground.
12 3 8 OE | Output Enable (Active High). Pull OE low to place all
outputs in 3-state mode. Referenced to Vcca.
- 9 9 NC - |No internal connection.
7 10 10 B4 I/O |Input/output B4. Reference to Vcces.
8 11 11 B3 I/O |Input/output B3. Reference to Vcces.
9 12 12 B2 I/O |Input/output B2. Reference to Vcces.
10 13 13 B1 I/O |Input/output B1. Reference to Vcces.
11 14 14 Vecs P B Ports Supply Voltage. 2.3V < Vccs < 5.5V.
Exposed | Thermal Exposed pad should be soldered to PCB board and
PAD PAD connected to GND or left floating.

I=input, O=output, I/O=input and output, P=power. GND=Ground
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ABSOLUTE MAXIMUM RATINGS

Ta = 25°C, unless otherwise specified.

Vcea, Supply Voltage Range -0.3V ~ + 6V
Vces, Supply Voltage Range -0.3V ~ + 6V
A Port -0.3V ~ + 6V

Vi M, Input Voltage Range B Port -0.3V~+ 6V
OE -0.3V ~ + 6V

Vo (I, Voltage range applied to any output in the | A Port -0.3V ~+ 6V
high impedance or power-off state B Port -0.3V ~+ 6V
A Port -0.3V ~ Vcea +

Vo M@, Voltage range applied to any output in 0.3V
the high or low state B Port -0.3V ~ Vces +
0.3V

lik, Input Clamp Current Vi< oV -50mA
lok, Output Clamp Current Vo < 0V -25mA
lo, Continuous Output Current +50mA
lo, Continuous Current through Vcca Vees or GND +100mA
QFN12(1.7x2) 120°C/W

0.a, Package Thermal Impedance ©) TSSOP14 121°C/W
QFN14(3.5x3.5) 53°C/W

Ty, Junction Temperature 4) -40°C ~ +150°C
Tste, Storage Temperature -65°C ~ +150°C
V(EsD), Human-Body Model (HBM), per AEC Q100-002 ) +2000V
Electrostatic Charged-Device Model (CDM), per AEC Q100-011 1000V
Discharge Latch-Up (LU), per AEC Q100-004 +100mA

Stresses above may cause permanent damage to the device. These are stress ratings only and functional operation of the device at

these or any other conditions beyond those indicated in the Electrical Characteristics are not implied. Exposure to absolute maximum

rating conditions for extended periods may affect device reliability.

(1)
)
@)
(4)

®)

The input and output negative-voltage ratings may be exceeded if the input and output current ratings are observed.

The value of VCCA and VCCB are provided in the recommended operating conditions table.

The package thermal impedance is calculated in accordance with JESD-51.

The maximum power dissipation is a function of TJ(MAX), R8JA, and TA. The maximum allowable power dissipation at any
ambient temperature is PD = (T J(MAX) - TA) / RBJA. All numbers apply for packages soldered directly onto a PCB.

AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
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RECOMMENDED OPERATING CONDITIONS

Ta = 25°C (Room Temperature), unless otherwise specified.

Parameter Symbol Conditions Min Typ. Max Unit
Suoolv Vol Veea |- 1.65 - 5.50
upply Voltage
Vees |- 2.30 - 5.50
Veea=1.65V~1.95V
Vel — 0.2 - Vcal
Veee =2.3V~55V
A-port I/Os
Vecea=23V~55V
Vcel - 0.4 - Veal \Y%
High-Level Input v Veecg =2.3V~55V
IH
Voltage Veea=1.65V~55V
B-port 1/0Os Vcel - 0.4 - Vel

Veece =23V ~55V
Vcea=1.65V~5.5V
OE input Veei x 0.8 - 5.50
Veece =2.3V~55V

Veea=1.65V~1.95V

A-port I/Os 0 - 0.15
Veee =2.3V~55V
Low-Level Input Veeca=1.65V~55V
Vi B-port I/Os 0 - 0.15 \%
Voltage Veecs =23V ~55V
Veea=1.65V~5.5V Veea %
OE input 0 -
Vees =2.3V~5.5V 0.25
Input transition rise A-port 1/Os push-pull driving - - 10
or fall rate (At/Av) | B-port I/0Os push-pull driving - - 10 \%
Control input - - 10
Operating free-air
Ta |- -40 - +125 °C

temperature
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ELECTRICAL CHARACTERISTICS

Over recommended operating room 25°C temperature range, unless otherwise specified

Parameter Conditions Min ) | Typ. @ |Max @)| Unit
lon = -20uA,
Port A Output High Vi =2 Vccs — 0.4V Veea X
VoHA -40°C ~ +125°C - -
Voltage Vcea=1.65V~5.5V 0.7
Vcee=2.3V~5.5V
loo.=1mA, Ve <0.15V
Port A Output Low
VoLa Vcea=1.65V~5.5V -40°C ~ +125°C - - 0.3
Voltage
Vces=2.3V~5.5V v
lon = -20uA,
Port B Output High Vi 2 Vces - 0.2V Vces %
VoHs -40°C ~+125°C - -
Voltage Vcea=1.65V~5.5V 0.7
Vces=2.3V~5.5V
lo.=1mA, Vis<0.15V
Port B Output High
VoLs Vcea=1.65V~5.5V -40°C ~ +125°C - - 0.3
Voltage
Vces=2.3V~5.5V
OE, Vcca=1.65V~5.5V +25°C - - +1
l Input Leakage Current MA
Vces=2.3V~5.5V -40°C ~+125°C - - +1.5
A Ports, Vcca=0V, +25°C - - +0.5 A
M
Vces=0V~5.5V -40°C ~ +125°C - - +1
Partial Power Down
loff A Ports, +25°C - - +0.5
Current e
Vcea=0V~5.5V, MA
Vccs=0V~5.5V -40°C ~+128°C | - -] A
A or B port, OE=0V o - - +
High-Impedance State +25°C *0.5
loz Outout ) Vcea=1.65V~5.5V MA
utput Curren _40°C ~ ° - -
P Vces=2.3V~5.5V 40°C ~ +125°C *
Vi=Vo=open,lo=0
Veea=1.65V~ Vees -40°C ~+125°C - - 1
Vcee=2.3V~5.5V
lcca Vcea Supply Current |Vi=Vo = open, lo=0 A
PPY P -40°C ~ +125°C - - 1 g
Vcea=5.5 V, Veee=0V
Vi=Vo=open,lo=0
-40°C ~+125°C - - -1
Vcea=0V, Vees=5.5V
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Parameter Conditions Min ) |Typ. @| Max @) | Unit

Vi=Vo=open, lo=0
Vcca=1.65V~ Vces -40°C ~ +125°C - - 10
Vces=2.3V~5.5V

lcce | Vces Supply Current |Vi=Vo =open, lo=0 MA
-40°C ~+125°C - - -1
Vcea=5.5 V, Vees=0V

Vi=Vo=open,lo=0
Vcca=0V, Vees=5.5V

-40°C ~ +125°C - - 1

Vi=Vo=open,lo=0
Vcea=1.65V~ Vees -40°C ~+125°C - - 15 MA
Vces=2.3V~5.5V
Vi=Vccior 0V, lo=0,
OE=0V,

lccaz | Vcea Supply Current -40°C ~+125°C - - 1 MA
Vcea=1.65V~ Vces
Vces=2.3V~5.5V
Vi=Vccior 0V, lo=0,
OE=0V,

lccz | Veces Supply Current -40°C ~+125°C - - 1 MA
Vcea=2.3V~5.5V
Vceg=2.3V~5.5V
OE, Vcca=3.3V
Ci Input Capacitance +25°C - 25 - pF
Vees=3.3V

A Port, Vcca=3.3V

lcca + Combined Supply

lccs Current

+25°C - 5 -
Input-to-Output InternalVccs=3.3V
Cio ) pF
Capacitance B Port, Vcca=3.3V
+25°C - 5 -

Vces=3.3V

(1) Vcaiis the Vcc associated with the input port.

(2) Vcco is the Vcc associated with the output port

(38) Vcca must be less than or equal to Vces.

(4) Limits are 100% production tested at 25°C. Limits over the operating temperature range are ensured through correlations using
statistical quality control (SQC) method.

(5) Typical values represent the most likely parametric norm as determined at the time of characterization. Actual typical values may

vary over time and will also depend on the application and configuration.
(6) For I/O ports, the parameter loz includes the input leakage current.
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TIMING REQUIREMENTS

Vcea=1.8V£0.15V

Vcce=2.5V £0.2V | Vcce=3.3V 0.2V | Vcee=5V $0.2V .
Parameter Unit
Typ. Typ. Typ.
Push-pull driving 21 22 24
Data Rat Mb
alanaie Open-drain driving 2 2 2 ps
Push-PuII driving 47 45 41
Pulse (data inputs) ns
Duration(tw) Open-.draln driving 500 500 500
(data inputs)
Vcea=2.5V+0.15 V
Vcce=2.5V £0.2V | Vccee=3.3V 0.2V | Vcce=5V 0.2V .
Parameter Unit
Typ. Typ. Typ.
Push-pull driving 20 22 24
Data Rat Mb
alanaie Open-drain driving 2 2 2 ps
Push—PuII driving 50 45 41
Pulse (data inputs) s
Duration(tw -drai Vi
uration(tw) | Open Idraln driving 500 500 500
(data inputs)
Vcea=3.3V+0.15V
Vces=3.3V 0.2V Vces=5V £0.2V .
Parameter Unit
Typ. Typ.
Push-pull driving 23 24
Data Rat Mb
alanaie Open-drain driving 2 2 ps
Pulse Push-pull driving (data inputs) 43 41 ns
Duration(tw) Open-drain driving (data inputs) 500 500
Vcca=5V10.15V
Vces=5V +0.2V
Parameter =<8 Unit
Typ.
Push-pull driving 24
Data Rat Mb
ata rate Open-drain driving 2 ps
) Push-pull driving (data inputs) 41
Pulse Duration(tw ns
! uration(t) Open-drain driving (data inputs) 500

REV1.0

- AUG 2026 RELEASED -




(3l AT Semiconductor Inc.

»

www.ait-ic.com

AL0104-Q

LEVEL SHIFTER
AEC-Q100 4-BIT BIDIRECTIONAL VOLTAGE-LEVEL TRANSLATOR

SWITCHING CHARACTER

Vcca=1.8V £ 0.15V

Over recommended operating free-air temperature range (unless otherwise noted) (1)

PARAMETER CONDITIONS Vces=2.5V10.2V Vces=3.3V10.2V Vcee=5V+0.2V UNIT
MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX
Propagation Pushpull | 4o . | 38| 15| - | 47| 22| - | 68
delay time driving
.| high-to-low 1B Open-drain ns
9 pen- 13 | - | 392|132 - |39.6[133| - | 40
output driving
Propagation Push-pull | 541 _ | 63| 18| - | 56| 18| - | 54
delay time driving
L | ow-to-high |~©B[ Gpen-drain ns
9 pen- 110 - 3321915 - | 275| 71.5| - 215
output driving
Propagation Push-pull | 4o | © | 32| 10| - | 30| 11| - | 33
delay time | B-to- driving
towL high-to-low A Open-drain ns
9 pen- 13 - 1392 13 - 139.2| 131 - 1393
output driving
Propagation Push-pull | g9 | . | 27| 08| - | 24| 07| - | 23
delay time | B-to- driving
teu low-to-high A Open-drain ns
pen- 86.5| - 260 | 445| - 134 | 33 - 99
output driving
ten | Enable time OE-to-A or B 125 - - 10.5| - | 31.5| 95 - | 285| ns
tais | Disable time OE-to-A or B 625 - ) 625 - | 1875| 625 - | 1875| ns
Aport| Tush-pull gt 1 q04| 30| - | 92| 28| - | 84
L ; driving
tra |Input rise time| rise Open-drain ns
time pen- 59 - 177 | 19.5| - | 58.5| 6.5 - | 195
driving
Bport| Fushpul og) | 87| 24| - | 72| 20| - | 62
L ; driving
trs |Input rise time| rise Open-drain ns
time pen- 83 - 249 | 63.5| - 191 | 37.5| - 113
driving
Aport| Tush-pull oy gt has ) g4 - | 42| 13| - | 41
. driving
ta |Input fall time| fall Open-drain ns
time | —Porrain | g9 | 29| 08| - | 26| 08| - | 24
driving
Bport| FushPul ot Dl 72 31| - | 93] 42| - | 126
. driving
ts |Input fall time| fall Open-drain ns
time | —Poraran 44l L | 35 12| - | 36| 14| - | 42
driving
Skew(time), | Channel-to-Channel
tsk(0) output Skew - - - - - 0.8 - - 0.8 | ns
. Push-pull driving - 21 - - 22 - - 24 -
Maximum data rata - — Mbps
Open-drain driving - 2 - - 2 - - 2 -
(1) This parameter is ensured by design and/or characterization and is not tested in production.
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Vcca=2.5V £ 0.15V

Over recommended operating free-air temperature range (unless otherwise noted) (1)

= + = + =5Vt
PARAMETER CONDITIONS Vcce=2.5V+0.2V Vcce=3.3V+0.2V Vcce=5V+0.2V UNIT
MIN [TYP| MAX [ MIN | TYP | MAX | MIN |[TYP MAX
Propagation Push-pull |4 01 | 42 | 17| - | 51| 25 | -| 75
delay time driving
L | high-to-low |A°"B [ Gpen-drain ns
9 pen- 131 | - | 395|132 - | 398 | 133 | - | 40
output driving
Propagation Push-pull 451 1 44 | 12| - | 38| 12| -| 36
delay time driving
| ow-to-high |*°"B [Open-drai ns
9 pen-drain| g9 | .| 297 | 845| - | 254 | 655 | - | 197
output driving
Propagation Push-pull 45 | | 38 | 12| - | 36| 12| -| 38
delay time driving
HL | high-to-low |21 [Open-drain ns
9 pen- 132 | - | 396 | 13.2| - 398 | 133 | - | 40
output driving
Propagation Push-pull 4651 | 35 | 10| - | 30| 09 | -| 29
delay time driving
P | ow-to-high |2~ [Gpen-drain ns
9 pen- 98 - 294 69 - 207 | 315 | - |94.5
output driving
ten | Enable time OE-to-AorB 12 - 36 10 - 30 8.5 - 1255 ns
tais |Disable time OE-to-A or B 625 - | 1875 | 625 - 1875 | 625 - | 1875 ns
| Aport| Pushpull -y 5 51 | 14| - | 44 | 13 | -| 41
Input rise ; driving
bea time 15 Open-drain ns
time pen- 78 - 234 6 - 138 6.5 - 1195
driving
~gport| PustPulloa bz [ 17| - | 53| 13 | - | 41
Input rise ; driving
ks time 15 Open-drain ns
time pen- 80 - 240 62 - 186 | 405 | - | 122
driving
Aport| Pushpul b o5 1 | 77 | 26| - | 78| 25| -| 75
. driving
ta |Input fall time| fall Open-drain ns
time | —pen-draint 4o | _| 32 | 10| - | 30| 09| -|27
driving
Bport| uShPul 155 1 75 | 32 - | 96 | 43 | - |13.1
. driving
ts |Input fall time| fall Open-drain ns
time | —Pendraint gy 1 _| 30 | 11| - | 33| 14| -| 42
driving
Skew(time), Channel-to-
tsk() output Channel Skew ) -| 08 ) ) 0.8 ) -| 08 ns
) Push-pull driving - 20 - - 22 - - 24| -
Maximum data rata - — Mbps|
Open-drain driving - 2 - - 2 - - 2 -
(1) This parameter is ensured by design and/or characterization and is not tested in production.
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Vcca=3.3V £ 0.3V

over recommended operating free-air temperature range (unless otherwise noted) (1)

= + =5V+
PARAMETER CONDITIONS Mo £l Vees=SV20.2V |y
MIN | TYP | MAX | MIN | TYP | MAX
Propagation Push-pull driving 1.8 - 54 25 - 7.7
teHe |delay time high-| A-to-B ns
to-low output Open-drain driving| 13.2 - 39.6 13.3 - 40
Propagation Push-pull driving 1.1 - 3.5 1.0 - 3.2
trLn | delay time low- | A-to-B ns
to-high output Open-drain driving| 77.5 - 232.5| 54.5 - | 163.5
Propagation Push-pull driving 1.5 - 4.7 1.6 - 5
trHe |delay time high-| B-to-A ns
to-low output Open-drain driving| 13.2 - 39.8 13.3 - 40.1
Propagation Push-pull driving 0.9 - 29 0.9 - 2.7
trLn | delay time low- | B-to-A ns
to-high output Open-drain driving| 79 - 237 | 435 - | 1305
ten Enable time OE-to-AorB 9.5 - 28.5 7.5 - 225 | ns
tais Disable time OE-to-AorB 625 - 1875 | 625 - 1875| ns
o A port Push-pull driving 1.1 - 3.5 1.0 - 3.2
tra Input rise time rise tim ns
IS¢ IM€! Open-drain driving| 58.5 175.5| 24 - | 72
o B port Push-pull driving 1.5 4.5 1.2 - 3.6
trs Input rise time fise time ns
Open-drain driving| 58.5 - 175.5| 37.5 - | 1125
_ A port Push-pull driving 4.0 - 12 3.8 - 11.4
tra Input fall time fall ti ns
alltime Open-drain driving| 1.1 - 3.3 1.0 - 3.2
_ B port Push-pull driving 4.1 - 12.3 54 - 16.2
trs Input fall time fall ti ns
allliMe | open-drain driving| 1.0 - 32 | 12| - | 36
tsk(o) Skew(time), Channel-to-Channel Skew - - 0.8 - - 0.8 ns
output
) Push-pull driving - 23 24 - -
Maximum data rata - — Mbps
Open-drain driving - 2 2 - -
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Vcca=5V % 0.35V

over recommended operating free-air temperature range (unless otherwise noted) (1)

Vcee=5V+0.2V
PARAMETER CONDITIONS UNIT
MIN TYP MAX
Propagation delay time Push-pull driving 2.8 - 8.4
trHL ) A-to-B ns
high-to-low output Open-drain driving 13.4 - 40.2
Propagation delay time Push-pull driving 1.0 - 3.0
trLH ] A-to-B ns
low-to-high output Open-drain driving 775 - 232.5
Propagation delay time Push-pull driving 2.9 - 8.7
trHL ) B-to-A ns
high-to-low output Open-drain driving 13.7 - 413
Propagation delay time Push-pull driving 0.9 - 2.7
trLH ] B-to-A ns
low-to-high output Open-drain driving 80 - 240
ten Enable time OE-to-AorB 1.1 8.5 22.5 255
tais Disable time OE-to-AorB 47.5 625 1875 1875
A port Push-pull driving 0.9 - 29
17 Input rise time o ns
rise ime| QOpen-drain driving 52.5 - 157.5
B port Push-pull driving 1.1 - 3.5
ts Input rise time o ns
rise time|  Open-drain driving 475 - 142.5
A port Push-pull driving 4.5 - 13.5
tia Input fall time ) ns
falltime | Open-drain driving 1.3 - 3.9
B port Push-pull driving 4.4 - 13.4
ti Input fall time ) ns
falltime | Open-drain driving 1.2 - 3.8
tsk(0) Skew(time), output Channel-to-Channel Skew - - 0.8 ns
Push-pull driving - 24 -
Maximum data rata Mbps
Open-drain driving - 2 -

(1) This parameter is ensured by design and/or characterization and is not tested in production.
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TYPICAL PERFORMANCE CHARACTERISTICS

Fig 1. Low-Level Output Voltage vs. Fig 2. Low-Level Output Voltage vs.
Low-Level Current Low-Level Current
_. 700 __ 700
Z Vigca=1.8V S Veen=2.7V
< 600 | v, ,=0.15V £ 600 | Vv, ,=0.15V
o &
= 500 S 500 //
> (=]
S 400 ,4"/ 2 400 -
a L~ a L~
5 300 ~ 5 300 ]
9 /' 8 /
¢ 200 o
3 ——VCCB=27V > 200
1 100 VCCB=3.3V 3 100 UEEE=3:3Y
S ———VCCB=5.0V 0 —— V/CCB=5.0V
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Fig 7. Low-Level Output Voltage vs. Fig 8. Low-Level Output Voltage vs.
Low-Level Current Low-Level Current
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Fig 13. Low-Level Output Voltage vs. Fig 14. Low-Level Output Voltage vs.
Low-Level Current Low-Level Current
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PARAMETER MEASUREMENT INFORMATION

Unless otherwise noted, all input pulses are supplied by generators having the following characteristics:
PRR 10 MHz

Z0=50Q

dv/dt 2 1 V/ns

Note: All input pulses are measured one at a time, with one transition per measurement.

Fig 16. Data Rate, Pulse Duration, Propagation Delay, Output Rise and Fall Time Measurement Using A
Push-Pull Driver

Vea

DUT

J_I—_IN out J_ i
IR

Fig 17. Data Rate, Pulse Duration, Propagation Delay, Output Rise And Fall Time Measurement Using an
Open-Drain Drive

Vcc| VCCO

R

Fig 18. Load Circuit for Enable/Disable Time Measurement
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SWITCH CONFIGURATION FOR ENABLE/DISABLE TIMING

TEST S1
trzL (), tpLz @ 2 x Vcco
terz (), tezn @ Open

(1) tPZL and tPZH are the same as ten.
(2) tPLZ and tPHZ are the same as tdis.

Fig 19. Voltage Waveforms Pulse Duration

F

| | Vea
Input Vea /2 Vea /2

(1) All input pulses are measured one at a time, with one transition per measurement.

Fig 20. Voltage Waveforms Propagation Delay Times
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Fig 21. Voltage Waveforms Propagation Delay Times
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[ :
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I
|

Output | —————————— = Vou
Wave form 2 | Veeox0.9
S1at OPEN ! Veeo/2
oV

A. Waveform 1 is for an output with internal such that the output is high, except when OE is high. B.

Waveform 2 is for an output with conditions such that the output is low, except when OE is high.
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BLOCK DIAGRAM
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FEATURE DESCRIPTION

Overview

The AL0104-Q is a directionless voltage-level translator designed to translate logic voltage levels between
mixed-voltage systems. The A ports support 1/O voltages from 1.65 V to 5.5 V, while the B ports support 1/0
voltages from 2.3 V to 5.5 V. The device features pass-gate architecture with integrated edge-rate
accelerators (one-shots) to improve switching speed and support higher data rates. Integrated 10-kQ pull-up
resistors, commonly used in open-drain applications, eliminate the need for external pull-up resistors.
Although the AL0104-Q is designed primarily for open-drain applications, it can also translate push-pull CMOS

logic signals.

Architecture

The AL0104-Q architecture (see Figure 22) is an auto-direction-sensing based translator that does not require
a direction-control signal to control the direction of data flow from A to B or from B to A. These two bidirectional
channels independently determine the direction of data flow without a direction-control signal. Each I/O pin

can be automatically reconfigured as either an input or an output, which is how this auto-direction feature is

realized.
Veen Ve
One- One-
L |°_ shot shot _CI T2
R1 ! R2
10k 10k
A 1 B
? N2 ’

Fig 22. Architecture of AL0104-Q Cell
The AL0104-Q employs two key circuits to enable this voltage translation:
(1) An N-channel pass-gate transistor topology that ties the A-port to the B-port
(2) Output one-shot (O.S.) edge-rate accelerator circuitry to detect and accelerate rising edges on the A or B
Ports.

Input Driver Requirements
The continuous dc-current "sinking" capability is determined by the external system-level open-drain (or push
pull) drivers that are interfaced to the AL0104-Q I/O pins. Since the high bandwidth of these bidirectional I/O

circuits is used to facilitate this fast change from an input to an output and an output to an input, they have a
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modest dc-current "sourcing" capability of hundreds of micro-Amps, as determined by the internal 10-kQ pullup
resistors.

The fall time (s, t8) of a signal depends on the edge-rate and output impedance of the external device driving
AL0104-Q data I/Os, as well as the capacitive loading on the data lines.

Similarly, the trrL and max data rates also depend on the output impedance of the external driver. The values
for tia, ts, tprL @and maximum data rates in the data sheet assume that the output impedance of the external

driver is less than 50 Q.

Output Load Considerations

We recommend careful PCB layout practices with short PCB trace lengths to avoid excessive capacitive
loading and to ensure that proper O.S. triggering takes place. PCB signal trace-lengths should be kept short
enough such that the round-trip delay of any reflection is less than the one-shot duration. This improves signal
integrity by ensuring that any reflection sees a low impedance at the driver. The O.S. circuits have been
designed to stay on for approximately 30 ns. The maximum capacitance of the lumped load that can be driven
also depends directly on the one-shot duration. With very heavy capacitive loads, the one-shot can time-out
before the signal is driven fully to the positive rail. The O.S. duration has been set to best optimize trade-offs
between dynamic Icc, load driving capability, and maximum bit-rate considerations. Both PCB trace length and
connectors add to the capacitance that the AL0104-Q device output sees, so it is recommended that this
lumped-load capacitance be considered to avoid O.S. retriggering, bus contention, output signal oscillations,

or other adverse system-level affects.

Enable and Disable

The AL0104-Q device has an OE input that is used to disable the device by setting OE low, which places all
I/Os in the Hi-Z state. The disable time (tdis) indicates the delay between the time when OE goes low and when
the outputs are disabled (Hi-Z). The enable time (ten) indicates the amount of time the user must allow for the

one-shot circuitry to become operational after OE is taken high.

Pullup or Pulldown Resistors on I/O Lines

Each A-port I/O has an internal 10-kQ pullup resistor to Vcca, and each B-port 1/0 has an internal 10-kQ pullup
resistor to Vces. If a smaller value of pullup resistor is required, an external resistor must be added from the
I/0 to Veea or Vecs (in parallel with the internal 10-kQ resistors). Adding lower value pull-up resistors will affect

VOL levels, however. The internal pull-ups of the AL0104-Q are disabled when the OE pin is low.
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APPLICATION AND IMPLEMENTATION

Information in the following applications sections is not part of the AiT-Semi component specification, and AiT-
Semi does not guarantee its accuracy or completeness. AiT-Semi’s customers are responsible for determining
suitability of components for their purposes. Customers should validate and test their design implementation

to confirm system functionality.

Application Information

The AL0104-Q device can be used to bridge the digital-switching compatibility gap between two voltage nodes
to successfully interface logic threshold levels found in electronic systems. It should be used in a point-to-point
topology for interfacing devices or systems operating at different interface voltages with one another. Its
primary target application use is for interfacing with open-drain drivers on the data 1/Os such as I2C or 1-wire,
where the data is bidirectional and no control signal is available. The device can also be used in applications
where a push pull driver is connected to the data 1/Os, but the AL0O104-Q might be a better option for such

push-pull applications.
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PACKAGE INFORMATION

Dimension in QFN12(1.7x2) (Unit: mm)

) D , D2
11 ! 7 J1 }-<E>| 5
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-____6m |
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Terminal 1 11 ’ 7
Index area —| b

Top View Bottom View

|

7
=1

__ poned
goopaafl et
E 0000

-

Side View
RECOMMENDED LAND PATTERN
Symbol Min. Max.
A - 0.500
A1 0.000 0.050
A2 0.127
b 0.150 0.250
b1 0.150
D- 1.900 2.100
D2 1.500 1.700
E* 1.600 1.800
e 0.400
0.050
0.450 0.550
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Dimension in QFN14(3.5x3.5) (Unit: mm)
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RECOMMENDED LAND PATTERN

Symbol Min. Max.
AM 0.700 0.800
A1 0.000 0.050
A3 0.200 REF. @

b 0.200 0.300
D™ 3.400 3.600
D2 1.950 2.150
E® 3.400 3.600
E2 1.950 2.150

e 0.500 BSC.
el 1.500 BSC.

H 0.300 REF.

K 0.225 0.425

L 0.300 0.500

R 0.090 -
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Dimension in TSSOP14 (Unit: mm)
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Symbol Min. Max.
A - 1.100
A1 0.050 0.150
A2 0.800 0.950
A3 0.250
HHHHHHH bp 0.190 0.300
I c 0.100 0.200
D® 4.900 5.100
EO 4.300 4.500
J H H H H |:| H_‘F HE 6.200 6.600
£ e 0.650
0 2 L 1.000
RECOMMENDED LAND PATTERN Lp 0.500 0.750
Q 0.300 0.400
z 0.380 0.720
y 0.100
0 0° 8°
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IMPORTANT NOTICE

AT Semiconductor Inc. (AiT) reserves the right to make changes to any its product, specifications, to
discontinue any integrated circuit product or service without notice, and advises its customers to obtain the
latest version of relevant information to verify, before placing orders, that the information being relied on is

current.

AIT Semiconductor Inc.'s integrated circuit products are not designed, intended, authorized, or warranted to
be suitable for use in life support applications, devices or systems or other critical applications. Use of AiT
products in such applications is understood to be fully at the risk of the customer. As used herein may involve
potential risks of death, personal injury, or servere property, or environmental damage. In order to minimize
risks associated with the customer's applications, the customer should provide adequate design and operating

safeguards.

AT Semiconductor Inc. assumes to no liability to customer product design or application support. AiT warrants

the performance of its products of the specifications applicable at the time of sale.
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