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4-Bit Bidirectional Voltage-Level Translator for Open-
Drain and Push-Pull Applications

1 FEATURES

No Direction-Control

Data Rates

24Mbps (Push-Pull)

2Mbps (Open-Drain)

1.65V to 5.5V on A ports and 2.3V to 5.5V
on B Ports (VccasVece)

Vcce Isolation: If Either Ve is at GND, Both
Ports are in the High-Impedance State
No Power-Supply Sequencing Required:
Either Vcea or Vecs can be Ramped First
lore: Supports Partial-Power-Down Mode
Operation

Extended Temperature: -40°C to +85°C

2 APPLICATIONS

Handset
Smartphone
Tablet
Desktop PC

3 DESCRIPTIONS

This 4-bit non-inverting translator is a bidirectional voltage-
level translator and can be used to establish digital
switching compatibility between mixed-voltage systems. It
uses two separate configurable power-supply rails, with the
A ports supporting operating voltages from 1.65V to 5.5V
while it tracks the Vcca supply, and the B ports supporting
operating voltages from 2.3V to 5.5V while it tracks the Vccs
supply. This allows the support of both lower and higher
logic signal levels while providing bidirectional translation
capabilities between any of the 1.8V, 2.5V, 3.3V and 5V
voltage nodes.

When the output-enable (OE) input is low, all 1/Os are
placed in the high-impedance state, which significantly
reduces the power-supply quiescent current consumption.
OE has an internal pull-down current source, as long as
Vcea is powered.

To ensure the high-impedance state during power up or
power down, OE should be tied to GND through a pull- down
resistor; the minimum value of the resistor is determined
by the current-sourcing capability of the driver.

The RS0104 is available in Green QFN3.5x3.5-14L,
QFN2x2-12L, QFN2x1.7-12L and TSSOP-14 packages. It
operates over an ambient temperature range of -40°C to
+85°C.

Device Information @

PART

NUMBER PACKAGE BODY SIZE (NOM)
QFN3.5x3.5-14L 3.50mmx3.50mm
QFN2x2-12L 2.00mmx2.00mm

RS0104
QFN2x1.7-12L 2.00mmx1.70mm
TSSOP-14 5.00mmx4.40mm

(1) For all available packages, see the orderable addendum at the end
of the data sheet.
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4 Functional Block Diagram

Veea Vees
A 4
OE ‘
o One-Shot One-Shot
Accelerator Accelerator
Gate Bias
10kQ 10kQ
Al B1
One-Shot One-Shot
Accelerator Accelerator
Gate Bias
10kQ 10kQ
A2 B2
N One-Shot One-Shot N
Accelerator Accelerator
Gate Bias
10kQ 10kQ
A3 B3
One-Shot One-Shot
Accelerator Accelerator
Gate Bias
10kQ 10kQ
A4 B4

Block Diagram
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5 Revision History

Note: Page numbers for previous revisions may different from page numbers in the current version.

VERSION Change Date Change Item
Al 2020/11/03 Initial version completed
A2 2021/01/09 Add Moisture Sensitivity Level information
A3 2021/04/02 Add QFN2x1.7-12L package

1.Change QFN3.5x3.5-14L PACKAGE OPTION

A4 2021/10/12 2.Add TAPE AND REEL INFORMATION

A5 2021/11/01 % gggr;gy%ilizfgrﬁgzggﬁgﬂ(zgerat|ng Conditions in Page 9 @A.4 Version.

A.6 2022/03/29 Change QFN3.5x3.5-14L PACKAGE thickness spec

B.1 2022/09/01 Version updated
1. Update PACKAGE OUTLINE DIMENSIONS NOTE in Page 29 @B.1 Version
2. Update ESD Ratings in Page 10 @B.1 Version

B.2 2023/07/06 3. Change the Voltage Waveforms Enable and Disable diagram in Page 22@

B.1 Version
4. Update RS0104YTQE12 PACKAGE OUTLINE DIMENSIONS A Symbol in
Page 28@ B.1 Version
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6 PACKAGE/ORDERING INFORMATION
ORDERING | TEMPERATURE | PACKAGE | PACKAGE
()
PRODUCT NUMBER RANGE L EAD MARKING @ | MSL® | PACKAGE OPTION
RSO104YTQF14 | -40°C ~+85°C QFNfﬁ_XS'E" RS0104 | MSL3 | Tape and Reel,5000
nsolos | RSOI04YTQEI2 |  -40°C~+85°C | QFN2x2-12L 0104 MSL3 | Tape and Reel,3000
RS0104YUTQH12 | -40°C ~+85°C | QFN2x1.7-12L 0104 MSL3 | Tape and Reel, 4000
RS0104YQ -40°C ~+85°C | TSSOP-14 RS0104 | MSL3 | Tape and Reel,4000
NOTE:

(1) Thisinformation is the most current data available for the designated devices. This data is subject to change without notice and revision
of this document. For browser-based versions of this data sheet, refer to the right-hand navigation.
(2) There may be additional marking, which relates to the lot trace code information(data code and vendor code), the logo or the
environmental category on the device.
(3) MSL, The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications.
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7 PIN CONFIGURATIONS

(TOP VIEW)
3 3
< <
1 14
[ J
/ -
Al| 2 Y I 13 | Bl
A2 | 3 : | 12 (B2
I
A3 | 4 | 11]B3
A4l 5 : : 10 | B4
NC|le L ————_—_— l 9 |NC
7 8
[a) L
Z o
o
QFN3.5x3.5-14L
PIN DESCRIPTION
PIN
NAME TYPE @ FUNCTION
QFN3.5x3.5-14L
Vcea P A Port Supply Voltage.1.65V < Vcea< 5.5V and Vcea < Vees.
2 Al 1/0 Input/output Al. Reference to Vcca.
3 A2 1/0 Input/output A2. Reference to Vcca.
4 A3 1/0 Input/output A3. Reference to Vccea.
5 A4 1/0 Input/output A4. Reference to Vcca.
6 NC - No internal connection.
7 GND - Ground.
Output Enable (Active High). Pull OE low to place all outputs in 3-
8 OE |
state mode. Referenced to Vcca.
9 NC - No internal connection.
10 B4 1/0 Input/output B4. Reference to Vcces.
11 B3 1/0 Input/output B3. Reference to Vcces.
12 B2 1/0 Input/output B2. Reference to Vccs.
13 B1 1/0 Input/output B1. Reference to Vcces.
14 Vces P B Ports Supply Voltage.2.3V < Vcce < 5.5V.
Exposed pad should be soldered to PCB board and connected to
- Thermal Pad -

GND or left floating.

@

I=input, O=output, I/O=input and output, P=power
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PIN CONFIGURATIONS

(TOP VIEW)
Veca Vees B1
20 11 10;
O S_d Lot s
Al “1_\\. e ,/é" B2
_____ I(/ i [Spp——
A2123 ¢ GND : (8]B3
A3|3} i L7]e4
3 N PN
{47 157 16
A4 GND OE
QFN2x2-12L
PIN DESCRIPTION
PIN
NAME TYPE ® FUNCTION
QFN2x2-12L
Al I/0 Input/output Al. Reference to Vcca.
2 A2 I/O Input/output A2. Reference to Vcca.
3 A3 I/O Input/output A3. Reference to Vcca.
4 A4 I/0 Input/output A4. Reference to Vcca.
5 GND - Ground.
Output Enable (Active High). Pull OE low to place all outputs in 3-
6 OE |
state mode. Referenced to Vcca.
7 B4 I/O Input/output B4. Reference to Vccs.
8 B3 I/O Input/output B3. Reference to Vccs.
9 B2 I/O Input/output B2. Reference to Vcce.
10 B1 I/O Input/output B1. Reference to Vccs.
11 Vces P B Ports Supply Voltage.2.3V < Vcce < 5.5V.
12 Vcea P A Port Supply Voltage.1.65V < Vcca< 5.5V and Vcea < Vees.
Exposed Pad GND ) Exposed pad should be soldered to PCB board and connected to

GND or left floating.

@

I=input, O=output, I/O=input and output, P=power
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PIN CONFIGURATIONS

(TOP VIEW)
OE
Veea | 1 i 1121 ini-]:- Vcee
ALl 2 i 10 |B1
A2 3 i 9 |B2
A3| 4 | i 8 |B3
|5} iei [ 7 |4
GND
QFN2x1.7-12L
PIN DESCRIPTION
PIN
NAME TYPE @ FUNCTION
QFN2x1.7-12L
Vcea P A Port Supply Voltage.1.65V < Vcca<5.5V and Vcea < Vecs.
2 Al I/O Input/output Al. Reference to Vcca.
3 A2 I/0 Input/output A2. Reference to Vcca.
4 A3 I/0 Input/output A3. Reference to Vcca.
5 A4 I/O Input/output A4. Reference to Vcca.
6 GND - Ground.
7 B4 I/O Input/output B4. Reference to Vccs.
8 B3 I/O Input/output B3. Reference to Vccs.
9 B2 I/O Input/output B2. Reference to Vcce.
10 B1 I/O Input/output B1. Reference to Vccs.
11 Vces P B Ports Supply Voltage.2.3V < Vcce < 5.5V.
12 OE | Output Enable (Active High). Pull OE low to place all outputs in 3-

state mode. Referenced to Vcca.

(1) I=input, O=output, I/O=input and output, P=power
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PIN CONFIGURATIONS

(TOP VIEW)
(0]
Vcea | 1 14 I Vcces
Al | 2 13 | Bl
A2 | 3 12 | B2
A3 | 4 11 | B3
A4 | 5 10 | B4
NC | 6 9 | NC
GND | 7 8 | OE
TSSOP-14
PIN DESCRIPTION
PIN
NAME TYPE @ FUNCTION
TSSOP-14
1 Vcea P A Port Supply Voltage.1.65V < Vcca< 5.5V and Vcea < Vees
2 Al I/0 Input/output Al. Reference to Vcca.
3 A2 I/0 Input/output A2. Reference to Vcca.
4 A3 I/O Input/output A3. Reference to Vcca.
5 A4 I/O Input/output A4. Reference to Vcca.
6 NC - No internal connection.
7 GND - Ground.
Output Enable (Active High). Pull OE low to place all outputs in 3-state
8 OE |
mode. Referenced to Vcca.
9 NC - No internal connection.
10 B4 I/O Input/output B4. Reference to Vccs.
11 B3 I/1O Input/output B3. Reference to Vccs.
12 B2 I/O Input/output B2. Reference to Vcces.
13 B1 I/O Input/output B1. Reference to Vcces.
14 Vces P B Ports Supply Voltage.2.3V < Vccs < 5.5V.

(1) I=input, O=output, I/O=input and output, P=power
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8 SPECIFICATIONS

8.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)

SYMBOL PARAMETER MIN MAX UNIT
Vcea Supply Voltage Range -0.3 6.0 \%
Vees Supply Voltage Range -0.3 6.0 \%

A port -0.3 6.0
2 Input Voltage Range B port -0.3 6.0 \Y;
OE -0.3 6.0
Vo YOItage range applied to any output in the high- A port -0.3 6.0 v
impedance or power-off state B port -0.3 6.0
vo@@ | Voltage range applied to any output in the high or A port -0.3 Veeat0.3 v
low state B port -0.3 Vees+0.3
lik Input clamp current V<0 -50 mA
lok Output clamp current Vo<0 -25 mA
lo Continuous output current 50 mA
Continuous current through Vcea, Vccs or GND +100 mA
T, Junction Temperature 4 -40 150 oc
Tstg Storage temperature -65 +150

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

(3) The value of Vcca and Vecg are provided in the recommended operating conditions table.

(4) The maximum power dissipation is a function of Tymax, Resa, and Ta. The maximum allowable power dissipation at any ambient
temperature is Pp = (T ymax) - Ta) / Resa. All numbers apply for packages soldered directly onto a PCB.

8.2 ESD Ratings

The following ESD information is provided for handling of ESD-sensitive devices in an ESD protected area only.

VALUE | UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(® +2000
Vesp) | Electrostatic discharge | Charged-device model (CDM), per ANSI/ESDA/JEDEC JS-002? | +1000 \Y
Machine Model (MM) +200

(1) JEDEC document JEP155 states that 500 V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250 V CDM allows safe manufacturing with a standard ESD control process.

A

‘ N ESD SENSITIVITY CAUTION

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
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8.3 Recommended Operating Conditions

Vcaiis the supply voltage associated with the input port. Vecois the supply voltage associated with the output port.

PARAMETER CONDITIONS MIN TYP MAX UNIT
s | it O Vcea 1.65 55 v
u voltage
PPy g Vces 23 5.5
Vcea=1.65V 1o 1.95V
Abort 1/Os Vece =2.3V 1055V Veer-0.2 Vee v
P Veea=2.3V 1055V Veo — 04 v v
High-level input voltage Vees =2.3V 1055V cer= =t ccl
(ViH) Veea=1.65V 1055V
B-port I/Os Vees = 2.3V 10 5.5 V Vcer— 0.4 Vcal \%
. Veeca=1.65Vt055V
OE input Vees = 2.3V 10 5.5 V Vcea x 0.8 5.5 \%
) Vcea=1.65V1t055V
A-port 1/0s Vees = 2.3V 10 5.5 V 0 0.15 v
Low-level input voltage Vceca=1.65Vto55V
(Vi) B-port l/0s Vces =2.3Vto5.5V 0 0.15 v
: Vececa=1.65Vto 55V
E V 2 \
OF input Vees = 2.3V 105.5 V 0 coax0.25
A-port 1/0s N 10 ns/\V
push-pull driving
Input transition rise or fall rate(At/Av) B-port 1/0Os 10 sV
push-pull driving
Control input 10 ns/\V
Ta Operating free-air temperature -40 85 °C

(1) Vccamust be less than or equal to Vcce.
(2) The maximum V,_value is provided to ensure that a valid Vo is maintained. The Vo value is V| plus the voltage drop across the pass
gate transistor.
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8.4 Electrical Characteristics
over recommended operating free-air temperature range (unless otherwise noted) @ @ @)
PARAMETER CONDITIONS Vcea Vces TEMP | MIN® | TYP® | MAX® | UNITS
Port A _
Vona | output low = —20 pA 165V 1055V | 23Vto55v | Full | Yoo 5.5
. Vig 2 Vceg— 0.4V x 0.7
high voltage
Port A loL = 1ImA
VoLa | output 1.65Vto 5.5V | 2.3Vto 5.5V Full 0.3
| Ve<0.15V
ow voltage Vv
Vv Port B lon =20 pA Vces
oHB | output Via> Veea— 0.2 V 1.65Vto 5.5V | 2.3Vto 5.5V Full x 07
high voltage | Y= Ye“A ™™ :
Port B loL = ImA
VoL | output 1.65Vto 5.5V | 2.3Vto 5.5V Full 0.3
Via<0.15V
low voltage
Input +25°C +1
h leakage OE 1.65Vto 5.5V | 2.3Vto 5.5V HA
current Full 1.
. +25°C +0.5
Partial A Ports oV 0V to 5.5V MA
s | POWer Full +
[0)
down +25°C +0.5
current B Ports OV to 5.5V ov MA
Full +1
High-d +25°C +0.5
© | impedance A or B port
1029 | Siate output | OE=0V L65V1055V | 23Vi055V [ N LA
current
1.65V to Vces | 2.3V to 5.5V Full 1.0
Vcea supply | Vi=Vo = open
lcca current lo=0 5.5V ov Full 1.0 HA
ov 5.5V Full -1
1.65V to Vces | 2.3V to 5.5V Full 10
Vees supply | Vi=Vo =open _
Iccs current lo=0 5.5V ov Full 1 HA
ov 5.5V Full 1
lcca | Combined N
+ | supply IV' - XO = open 1.65V to Vecs | 2.3Vt0 5.5V | Full 15 LA
lccs | current ©
Vecea supply | Vi= Vcel or OV
lccza current lo= 0, OE=0V 1.65V to Vces | 2.3V to 5.5V Full 1 HA
Vees supply | Vi= Vce or OV
lccze current lo = 0, OE=0V 2.3Vto 5.5V | 2.3Vto 5.5V Full 1 HA
Input o
Ci capacitance OE 3.3V 3.3V +25°C 25 pF
Input-to- A port 3.3V 3.3V +25°C 5
Co | output pF
internal B port 3.3V 3.3V +25°C 5
capacitance

(1) Veaiis the V¢ associated with the input port.

(2) Vceois the Ve associated with the output port

(3) Vccamust be less than or equal to Vece.

(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 1/O ports, the parameter lo; includes the input leakage current.
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8.5 Timing Requirements
8.5.1 Vcca=1.8V+0.15V
Vceg=2.5V 0.2V | Vces=3.3V 0.2V | Vces=5V +0.2V
UNIT
TYP TYP TYP
Push-pull driving 21 22 24
Data rate - — Mbps
Open-drain driving 2 2 2
Pulse Push-pull driving (data inputs) 47 45 41 ns
duration(tw) | Open-drain driving (data inputs) 500 500 500
8.5.2 Vcca=2.5V+0.15V
Vceg=2.5V 0.2V | Vces=3.3V 0.2V | Vces=5V +0.2V
UNIT
TYP TYP TYP
Push-pull driving 20 22 24
Data rate — Mbps
Open-drain driving 2 2 2
Pulse Push-pull driving (data inputs) 50 45 41 ns
duration(ts) | Open-drain driving (data inputs) 500 500 500
8.5.3 Vcca=3.3V+0.15V
Vces=3.3V +0.2V Vces=5V 0.2V
UNIT
TYP TYP
Push-pull driving 23 24
Data rate - — Mbps
Open-drain driving 2 2
Pulse Push-pull driving (data inputs) 43 41 ns
duration(tw) | Open-drain driving (data inputs) 500 500
8.5.4 Vcca=5V+0.15V
Vces=5V 0.2V
UNIT
TYP
Push-pull driving 24
Data rate - — Mbps
Open-drain driving 2
Pulse Push-pull driving (data inputs) 41 ns
duration(tw) | Open-drain driving (data inputs) 500
13/31 www.run-ic.com
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8.6 Switching Characteristics: Vcca=1.8V £ 0.15V
over recommended operating free-air temperature range (unless otherwise noted)
Vces=2.5V+0.2V | Vces=3.3V+0.2V | Vces=5V+0.2V
PARAMETER CONDITIONS UNITS
TYP TYP TYP
Propagation Push-pull driving 25 3.1 45
delay time
tPHL . A-to-B . . ns
high-to-low Open-drain driving 26.1 26.4 26.6
output
Propagation Push-pull driving 4.2 3.7 3.6
delay time
tPLH . A-to-B . . ns
low-to-high Open-drain driving 221 183 143
output
Propagation Push-pull driving 2.1 2.0 2.2
delay time
tPHL - B-to-A . . ns
high-to-low Open-drain driving 26.1 26.1 26.2
output
Propagation Push-pull driving 1.8 1.6 15
delay time
tPLH - B-to-A ) o ns
low-to-high Open-drain driving 173 89 66
output
ten Enable time | OE-to-A or B 25 21 19 ns
tas | Disable OE-to-A or B 1250 1250 1250 ns
o, | Inputrise fi\s?aort Push-pull driving 6.9 6.1 5.6 "
" .
time time Open-drain driving 118 39 13
i | mputrise SSF;OW Push-pull driving 5.8 4.8 4.1 i,
' X
time time Open-drain driving 166 127 75
o Input fall A port Push-pull driving 3.0 2.8 2.7 ns
time fall time | Open-drain driving 1.9 1.7 1.6
o Input fall B port Push-pull driving 4.8 6.2 8.4 ns
time falltime | Open-drain driving 2.3 2.4 2.8
tokioy | S<EW(Me), | channel-to-Channel Skew 05 05 05 ns
output
. Push-pull driving 21 22 24
Maximum data rate - — Mbps
Open-drain driving 2 2 2
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8.7 Switching Characteristics: Vcca=2.5V £ 0.15V
over recommended operating free-air temperature range (unless otherwise noted)
Veeg=2.5V£0.2V | Vces=3.3V+0.2V | Vces=5V+0.2V
PARAMETER CONDITIONS UNITS
TYP TYP TYP
Propagation Push-pull driving 2.8 3.4 5.0
delay time
®H | high-to-low | A10B ns
ougtput Open-drain driving 26.3 26.5 26.6
Propagatlon Push-pull driving 2.7 25 2.4
delay time
tPLH low-to-high A-to-B ns
output Open-drain driving 198 169 131
Propagation Push-pull driving 25 2.4 25
delay time
PHL | highto-low | BTOA ns
OL?tput Open-drain driving 26.4 26.5 26.6
gg?;aﬁ%“eon Push-pull driving 2.1 2.0 1.9
tpLH |OW-t>Z)-hi h B-to-A ns
output 9 Open-drain driving 196 138 63
ten Enable time | OE-to-A or B 24 20 17 ns
tais Erﬁsble OE-to-Aor B 1250 1250 1250 ns
Input rise Aport | push-pull driving 3.4 2.9 2.7
ta | rise —— ns
time time Open-drain driving 156 92 13
Input rise Bport | push-pull driving 4.7 35 2.7
tis . rise — ns
time time Open-drain driving 160 124 81
o Input fall A port Push-pull driving 5.1 5.2 5.0 ns
time fall time | Open-drain driving 2.1 2.0 1.8
. Input fall B port Push-pull driving 5.0 6.4 8.7 ns
time fall time | Open-drain driving 2.0 2.2 2.8
tskioy | S<WMe), | channel-to-channel skew 05 05 05 ns
output
. Push-pull driving 20 22 24
Maximum data rate - — Mbps
Open-drain driving 2 2 2

15/31

www.run-ic.com



(Runic

—— RS0104
8.8 Switching Characteristics: Vcca=3.3V £ 0.3V
over recommended operating free-air temperature range (unless otherwise noted)
Vces=3.3V+0.2V Vces=5V+0.2V
PARAMETER CONDITIONS UNITS
TYP TYP
Propagation Push-pull driving 3.6 5.1
delay time
teHL high-to-low A-to-B ns
output Open-drain driving 26.4 26.6
Propagatlon Push-pull driving 2.3 2.1
delay time
tpLH low-to-high A-to-B ) — ns
output Open-drain driving 155 109
Propagation Push-pull driving 3.1 3.3
delay time
teHL high-to-low B-to-A ns
output Open-drain driving 26.5 26.7
Propagation Push-pull driving 1.9 1.8
delay time
tPLH low-to-high B-to-A o ns
output Open-drain driving 158 87
ten Enable time OE-to-AorB 19 15 ns
tais Disable time OE-to-Aor B 1250 1250 ns
. A port rise Push-pull driving 23 21
ta | Inputrise time | . — ns
time Open-drain driving 117 48
L B port rise Push-pull driving 3.0 2.4
tr8 Input rise time - - — ns
time Open-drain driving 117 75
. A port fall Push-pull driving 8.0 7.6
tia | Input fall time . — ns
time Open-drain driving 2.2 2.1
) B port fall Push-pull driving 8.2 10.8
ts Input fall time : - — ns
time Open-drain driving 2.1 2.4
Skew(time), L
tsk(0) output Channel-to-channel skew 0.5 0.5 ns
. Push-pull driving 23 24
Maximum data rate - — Mbps
Open-drain driving 2 2
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8.9 Switching Characteristics: Vcca=5.0V £ 0.35V
over recommended operating free-air temperature range (unless otherwise noted)
Vceg=5V+0.2V
PARAMETER CONDITIONS UNITS
TYP
propagation delay Push-pull driving 5.6
tPHL high-to-low A-to-B ns
output Open-drain driving 26.8
Propagatlon Push-pull driving 2.0
delay time
tPLH . A-to-B ns
low-to-high 0 drain drivi 155
output pen-drain driving
Propagation Push-pull driving 5.8
delay time
tPHL - B-to-A ns
high-to-low o drain drivi 275
output pen-drain driving .
Propagation Push-pull driving 1.8
delay time
tPLH - B-to-A ns
low-to-high o drain drivi 160
output pen-drain driving
ten Enable time OE-to-A or B 17 ns
tais Disable time OE-to-Aor B 1250 ns
o o Push-pull driving 1.9
tra Input rise time A port rise time - — ns
Open-drain driving 105
L o Push-pull driving 2.3
tr8 Input rise time B port rise time - — ns
Open-drain driving 95
) . Push-pull driving 9.0
tra Input fall time A port fall time - — ns
Open-drain driving 2.6
. ) Push-pull driving 8.9
trs Input fall time B port fall time —— ns
Open-drain driving 25
tsk(o) Skew(time), output | Channel-to-channel skew 0.5 ns
Push-pull driving 24
Maximum data rate Mbps
Open-drain driving 2
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8.10 Typical Characteristics

NOTE: The graphs and tables provided following this note are a statistical summary based on a limited number of samples

and are provided for informational purposes only.
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Typical Characteristics

NOTE: The graphs and tables provided following this note are a statistical summary based on a limited number of samples

and are provided for informational purposes only.
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Typical Characteristics
NOTE: The graphs and tables provided following this note are a statistical summary based on a limited number of samples
and are provided for informational purposes only.
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9 Parameter Measurement Information

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

*Zo=500Q

e dv/dt = 1 V/ns

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

Voo —— ——  Veco

DUT

ﬂ—IN ouT %
I P

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

Voo —— ——  Veco

DUT

)

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

O 2 x Veco

S1
50 k O Open
From Qutput a ,\/\/\/

Under Test

—__ 15pF
T~ p 50 k

Figure 18. Load Circuit for Enable/Disable Time Measurement

Table 1. Switch Configuration for Enable/Disable Timing

TEST S1
trzL W, tpLz® 2 x Vcco
trHzL D, tpzH? Open

(1) tpzL and tpzy are the same as ten.
(2) tpz and tpyz are the same as tgis.
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(1) All input pulses are measured one at a time, with one transition per measurement.

Figure 19. Voltage Waveforms Pulse Duration
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Output
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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.

Figure 21. Voltage Waveforms Enable and Disable
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10 Feature Description

10.1 Overview

The RS0104 device is a directionless voltage-level translator specifically designed for translating logic voltage
levels. The A port is able to accept I/O voltages ranging from 1.65 V to 5.5 V, while the B port can accept I/O
voltages from 2.3 V to 5.5 V. The device is a pass-gate architecture with edge-rate accelerators (one-shots) to
improve the overall data rate. 10-kQ pullup resistors, commonly used in open-drain applications, have been
conveniently integrated so that an external resistor is not needed. While this device is designed for open-drain
applications, the device can also translate push-pull CMOS logic outputs.

10.2 Architecture

The RS0104 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 1/O pin can
be automatically reconfigured as either an input or an output, which is how this auto-direction feature is realized.

VCCA VCCB
One- One-
T }F shot shot # T2
R1 ‘ R2
10k 10K
A ® 1 ® B
N2

Figure 22. Architecture of a RS0104 Cell

The RS0104 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.

10.3 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 RS0104 I/O pins. Since the high bandwidth of these bidirectional 1/0O
circuits is used to facilitate this fast change from an input to an output and an output to an input, they have a
modest dc-current "sourcing” capability of hundreds of micro-Amps, as determined by the internal 10-kQ pullup

resistors.

The fall time (tia, tie) of a signal depends on the edge-rate and output impedance of the external device driving
RS0104 data 1/0Os, as well as the capacitive loading on the data lines.

Similarly, the trL and max data rates also depend on the output impedance of the external driver. The values
for ta, ts, tn. and maximum data rates in the data sheet assume that the output impedance of the external
driver is less than 50 Q.
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10.4 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 RS0104 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.

10.5 Enable and Disable

The RS0104 device has an OE input that is used to disable the device by setting OE low, which places all 1/0s
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.

10.6 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 I/O has an internal 10-kQ pullup
resistor to Vccs. If a smaller value of pullup resistor is required, an external resistor must be added from the I/O
to Vcea or Ve (in parallel with the internal 10-kQ resistors). Adding lower value pull-up resistors will affect Vo
levels, however. The internal pull-ups of the RS0104 are disabled when the OE pin is low.

24 /31 www.run-ic.com



(;'(UMC RS0104

tion Servi

11 Application and Implementation

Information in the following applications sections is not part of the RUNIC component specification, and RUNIC
does not warrant its accuracy or completeness. RUNIC’s customers are responsible for determining suitability
of components for their purposes. Customers should validate and test their design implementation to confirm
system functionality.

11.1 Application Information

The RS0104 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 I/Os such as [2C 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 I/Os, but the RS0104 might be a better option for such push-pull
applications.

11.2 Typical Application

1.8V 3.3V
JPR S— | | B
0.1uF 0.1uF 1uF
I I 1.8V Veca Vees 3.3V I I
B B System System h h
Controller OE
RS0104
(A1 B1 je—»
> A2 B2 |«—»
DATA[L |5 B3 le—s| DATA
<« A4 B4 |e«—»
GND GND GND

Figure 23. Typical Application Circuit
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12 PACKAGE OUTLINE DIMENSIONS
QFN3.5x3.5-14L @

D1
> e |-
2l |6 J
A TUUUy
A
1— | THERMALPAD | (|7
|
—
- o o — - }_______
| &
S | CTn
Pin 1Index Axea (W (W (h (W (}
Top and BottoV i v i
i
TOP VIEW BOTTOM VIEW
| !
vy
S S N B Oy O s s
\ $ + D
—
<
SIDE VIEW
Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
AQ 0.700 0.900 0.028 0.035
Al 0.000 0.050 0.000 0.002
A2 0.200 REF @ 0.008 REF @
b 0.180 0.300 0.007 0.012
D@ 3.350 3.650 0.132 0.144
D1 2.000 TYP 0.079 TYP
EQ@ 3.350 3.650 0.007 0.012
E1l 1.500 TYP 0.059 TYP
e 0.500 TYP 0.020 TYP
L 0.300 0.500 0.012 0.020

NOTE:

1. Plastic or metal protrusions of 0.075mm maximum per side are not included.

2. REF is the abbreviation for Reference.
3. This drawing is subject to change without notice.
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TSSOP-14©)

\ 4
A

T

NOTE:

HHHA T

i

] \
- 56—~ — —— - ‘\—————
\
O
e H -
v
P R 042
RECOMMENDED LAND PATTERN (Unit: mm)
A2 H
A N C [ |
vy JAAAAAAE / A
ALY ) 6 A
- L

Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
AWM 1.200 0.047
Al 0.050 0.150 0.002 0.006
A2 0.800 1.050 0.031 0.041
b 0.190 0.300 0.007 0.012
c 0.090 0.200 0.004 0.008
D® 4.860 5.100 0.191 0.201
EW 4.300 4.500 0.169 0.177
E1l 6.250 6.550 0.246 0.258
e 0.650(BSC) @ 0.026(BSC) @
L 0.500 0.700 0.020 0.028
H 0.250(TYP) 0.010(TYP)
0 1° 7° 1° 7°

1. Plastic or metal protrusions of 0.15mm maximum per side are not included.
2. BSC (Basic Spacing between Centers), "Basic" spacing is nhominal.
3. This drawing is subject to change without notice.
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QFN2x2-12L @

NOTE:

gis

:Cl_q]_l_\

Al
A

D Lo D2
| e
; MRUNS
| O 1 G
2—| - - T = &) 3 i - :_C
. B O
: /A0
TOP VIEW BOTTOM VIEW

SIDE VIEW
Dimensions In Millimeters Dimensions In Inches
Symbol - -

Min Max Min Max
A 0.500 0.600 0.020 0.024
Al 0.000 0.050 0.000 0.002
c 0.100 0.200 0.004 0.008
b 0.150 0.250 0.006 0.010
D@ 1.900 2.100 0.075 0.083
EW 1.900 2.100 0.075 0.083
D2 1.000 1.200 0.039 0.057
E2 1.000 1.200 0.039 0.057

e 0.400 BSC @ 0.016 BSC @
h 0.150 0.250 0.006 0.010
L 0.150 0.250 0.006 0.010

RS0104

1. Plastic or metal protrusions of 0.075mm maximum per side are not included.
2. BSC (Basic Spacing between Centers), "Basic" spacing is nominal.
3. This drawing is subject to change without notice.
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QFN2x1.7-12L @

- D - k#,‘
11 7 ll F‘E’+ I5
T y | ! ' |
| |
b*L—I l l L L
I A | [ | |
_ - N N e T M s
12
\, k‘ !
Y
LR
Y Y I | |17
1 I 5 11 b
TOP VIEW BOTTOM VIEW

[ I ] % <:r
}

—fife—

SIDE VIEW
Dimensions In Millimeters Dimensions In Inches
Symbol

Min Max Min Max
A® 0.450 0.550 0.018 0.022
Al 0.000 0.050 0.000 0.002

A2 0.152 REF @ 0.006 REF @
D® 1.900 2.100 0.075 0.083
EW 1.600 1.800 0.063 0.071
D2 1.500 1.700 0.059 0.067
b 0.150 0.250 0.006 0.010

bl 0.150 REF @ 0.006 REF @

k 0.250 REF @ 0.010 REF @

e 0.400 BSC ©® 0.016 BSC ©®
L 0.400 0.600 0.016 0.024

NOTE:

1. Plastic or metal protrusions of 0.075mm maximum per side are not included.

2. REF is the abbreviation for Reference.
3. BSC (Basic Spacing between Centers), "Basic" spacing is nominal.
4. This drawing is subject to change without notice.
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13 TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSION
—» P2 |e |l—P0—»]
Reel sl I Pl ZR
Diameter
__Q1+>Ci 01/-'_02 014302 (JO

Q3T a4 Q3T a4 Q3 \¢

v e P— ] —A0— Kope—

L Reel Width(w1)

sl DIRECTION OF FEED

NOTE: The picture is only for reference. Please make the object as the standard.

KEY PARAMETER LIST OF TAPE AND REEL

Package Tvpe Reel Reel Width A0 BO KO PO P1 P2 W Pinl
g€ 1yp Diameter W1(mm) (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
QFN3.5x3.5-14L 13 12.4 3.80 3.80 1.10 4.0 8.0 2.0 12.0 Q1
TSSOP-14 13 12.4 6.95 5.60 1.20 4.0 8.0 2.0 12.0 Q1
QFN1.7x2-12L ’ 9.0 1.90 2.30 0.75 4.0 4.0 2.0 8.0 Q1
QFN2x2-12L 9.0 2.13 2.13 0.88 4.0 4.0 2.0 8.0 Q1
NOTE:

1. All dimensions are nominal.

2. Plastic or metal protrusions of 0.15mm maximum per side are not included.
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IMPORTANT NOTICE AND DISCLAIMER

Jiangsu RUNIC Technology Co., Ltd. will accurately and reliably provide technical and reliability data (including
data sheets), design resources (including reference designs), application or other design advice, WEB tools,
safety information and other resources, without warranty of any defect, and will not make any express or implied
warranty, including but not limited to the warranty of merchantability Implied warranty that it is suitable for a
specific purpose or does not infringe the intellectual property rights of any third party.

These resources are intended for skilled developers designing with RUNIC products You will be solely
responsible for: (1) Selecting the appropriate products for your application; (2) Designing, validating and testing
your application; (3) Ensuring your application meets applicable standards and any other safety, security or
other requirements; (4) RUNIC and the RUNIC logo are registered trademarks of RUNIC INCORPORATED. All
trademarks are the property of their respective owners; (5) For change details, review the revision history
included in any revised document. The resources are subject to change without notice. Our company will not
be liable for the use of this product and the infringement of patents or third-party intellectual property rights due
to its use.
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