@NIC @@ RS0208

8-Bit Bidirectional Voltage-Level Translator with
Automatic Direction Sensing

FEATURES

¢ No Direction-Control

e Data Rates
100Mbps

e 1.2Vto 3.6V on A ports and 1.65V to 5.5V on
B Ports (VCCASVCCB)

e Vcc Isolation Feature: If Either Vcc Input is at
GND, Both Ports are in the High-Impedance
State

e OE Input Circuit Referenced to Vcca

e Low Power Consumption,10uA Maximum lcc

e No Power-Supply Sequencing Required:
Either Vcea or Vecs can be Ramped First

e lorr: Supports Partial-Power-Down Mode
Operation

e Extended Temperature: -40°C to +85°C

APPLICATIONS

Handset
Smartphone
Tablet
Desktop PC

DESCRIPTION

This 8-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
1.2V to 3.6V while it tracks the Vcca supply, and the B
ports supporting operating voltages from 1.65V 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
1.2v, 1.5V, 1.8V, 2.5V, 3.3V and 5V voltage nodes.
Vcea must not exceed Vccee.

When the output-enable (OE) input is low, all outputs 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
Vccea 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 RS0208 is available in Green QFN3*3-20L and
TSSOP20 packages. It operates over an ambient
temperature range of -40°C to +85°C.

Device Information @

PART NUMBER PACKAGE BODY SIZE (NOM)
TSSOP20(20) 6.50mm X 4.40mm
RS0208
QFN3*3-20L(20) | 3.00mm X 3.00mm

(1) For all available packages, see the orderable addendum at the
end of the data sheet.
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Functional Block Diagram
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Revision History
Note: Page numbers for previous revisions may different from page numbers in the current version.

VERSION Change Date | Change Item
A.0 2021/1/20 Preview version completed
Al 2021/4/25 Initial version completed
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PIN CONFIGURATIONS

(TOP VIEW)
[ J
a1 [T {gj— 0] B1 (TOP VIEW)
Veen A1 B1 Ve B2
Veea [ 2 19 | Vecs 20, 119 118 117, 1§
p2 [ e2 mile, 75|83
ps & +—[77] 83 as[27 ] - [id]sa
A4 | 5 4‘:§:|— 16 | B4 A4 :éj i GND i U?: B5
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As|4] | [12]Be
A6 [T {g} 1] 86
A6|5 | 11|87
ar [ o {1 e7 S ——
(6] 170 18] 19} 110
As L9 {él:'i 12 ] B8 A7 A8 OE GND B8
OE | 10 11 | GND QFN3*3-20L
TSSOP20
PIN DESCRIPTION
PIN
NAME | TYPE® FUNCTION
TSSOP20 | QFN3*3-20L
1 19 Al 1/0 Input/output Al. Reference to Vcca.
< < <
> 20 Veen p A Port Supply Voltage.1.2V < Vcca< 3.6V and Veea <
Vccee.
3 1 A2 110 Input/output A2. Reference to Vcca.
4 2 A3 110 Input/output A3. Reference to Vcca.
5 3 A4 1/0 Input/output A4. Reference to Vcca.
6 4 A5 1/0 Input/output A5. Reference to Vcca.
7 5 A6 110 Input/output A6. Reference to Vcca.
8 6 A7 110 Input/output A7. Reference to Vcca.
9 7 A8 1/0 Input/output A8. Reference to Vcca.
10 8 OE | Output Enable (Active High). Pull OE low to place all
outputs in 3-state mode. Referenced to Vcca.
11 9 GND - Ground.
12 10 B8 110 Input/output B8. Reference to Vccs.
13 11 B7 110 Input/output B7. Reference to Vccs.
14 12 B6 1/0 Input/output B6. Reference to Vcce.
15 13 B5 1/0 Input/output B5. Reference to Vcce.
16 14 B4 1/0 Input/output B4. Reference to Vccs.
17 15 B3 1/0 Input/output B3. Reference to Vccs.
18 16 B2 1/0 Input/output B2. Reference to Vcce.
19 17 Vces P B Ports Supply Voltage.1.65V < Vcce < 5.5V.
20 18 Bl 1/0 Input/output B1. Reference to Vccs.
i Exposed GND i Exposed pad should be soldered to PCB board and
Pad connected to GND or left floating.

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

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

SYMBOL PARAMETER MIN MAX UNIT
Vcea Supply Voltage Range -0.3 4.6 \%
Vees Supply Voltage Range -0.3 6.5 \%

A port -0.3 4.6
2 Input Voltage Range B port -0.3 6.5
OE -0.3 4.6 v
Vo YOItage range applied to any output in the high- A port -0.3 4.6 v
impedance or power-off state B port -0.3 6.5
Vo@® | Voltage range applied to any output in the high or | A POrt -0.3 Veeat0.3 Vv
low state B port -0.3 Vces+0.3
lik Input clamp current Vi<0 -50 mA
lok Output clamp current Vo<0 -50 mA
lo Continuous output current +50 mA
Continuous current through Vcca, Vccs or GND +100 mA
T; Junction Temperature 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 Vcces are provided in the recommended operating conditions table.

ESD Ratings
VALUE UNIT
L Human-body model (HBM) +5000 \%
V(EsD) Electrostatic discharge -
machine model (MM) +300 \%
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Recommended Operating Conditions
Vcaiis the supply voltage associated with the input port. Vccois the supply voltage associated with the output port. W@

PARAMETER CONDITIONS MIN TYP MAX UNIT
Suppl it Vcea 1.2 3.6 v
u voltage
PPy g Vces 1.65 55
A-port Veea=1.2Vt03.6V Vcal X v
inputs Vcee=1.65Vt05.5V 0.65® cal
High-level input voltage | B-port Veeca=1.2V103.6V
: . v
(Vin) inputs | Vocs = 1.65 V10 5.5V Ve x 0.65 Vea
. Veea=1.2V1i03.6V
OE input Vees = 1.65 V 10 5.5 V Vceax 0.65 55
A-port Veca=12V103.6V 0 Vcel X
inputs Vces =1.65V1t055V 0.350
Low-level input voltage | B-port Veca=12V10 3.6V
- . . V
(Vi) inputs Vees =1.65 V1055V 0 Vee x 0.35
- Vecea=1.2V1i03.6V
OEInput | | e = 1.65V 105.5 V 0 Veeax 0.35
Voltage applied to any Veen=1.2V103.6V
A-port 0 3.6
output in the high- P Vces = 1.65 V 10 5.5 V y
impedance or power-off B-port Veea=1.2V103.6V 0 5.5
state (Vo) Vcee =1.65Vt05.5V ’
A-port Veea=1.2V103.6 V 40
L inputs Vees =1.65Vt0 5.5V
Input transition rise or
Vces =1.65V 40 ns/V
fall rate(AV/AV) B-port Veca=1.2Vto [ 103.6V
inputs 36V Veee =4.5V 30
to55V
Ta Operating free-air temperature -40 85 °C

(1) The A and B sides of an unused data I/0O pair must be held in the same state, that is, both at Vcci or both at GND.
(2) Vcca must be less than or equal to Vces and must not exceed 3.6 V.
(3) Vcciis the supply voltage associated with the input port.
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PACKAGE/ORDERING INFORMATION

ORDERING TEMPERATURE PACKAGE
@
PRODUCT NUMBER RANGE PACKAGE LEAD MARKING @ MSL PACKAGE OPTION
RS0208YTQC20 -40°C ~+85°C QFN3*3-20L RS0208 MSL3 Tape and Reel,5000
RS0208
RS0208YTSS20 -40°C ~+85°C TSSOP20 RS0208 MSL3 Tape and Reel, 4000
NOTE:

(1) 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.

(2) MSL, The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications.

7116 www.run-ic.com



Electrical Characteristics
over recommended operating free-air temperature range (unless otherwise noted) @ @ @)
PARAMETER CONDITIONS Vcea Vces TEMP MIN TYP MAX UNIT
1.2V +25°C 1.1
Vora P'ort A output lon = 20 YA
high voltage 1.4V to 3.6V Full Veea-0.4
1.2v +25°C 0.3
VoLa Port A output loL = 20 yA
low voltage 1.4V to 3.6V Full 0.4 v
Port B output _
Vohns high voltage loH=-20 pA 1.65V to 5.5V Full Vcee-0.4
Vois LontBoutput | 55 A 165Vto55V | Full 0.4
low voltage
+25°C +1
,  nputleakage | OE 12Vt03.6V | 1.65Vt05.5V LA
current Vi=Vcc or GND
Full +2
+25°C +1
A Ports
. Vi or Vo=0 to 3.6V ov Vtossv — o WA
Lot Partial power -
0
down current B Ports +25°C +1
_ 0V to 3.6V ov HA
V, or Vo=0to 5.5V Eull 42
!"igh'd +25°C +1
Impedance A or B port
oz giiie output | OE=GND 1.2Vt0 3.6V | 1.65V to 5.5V A
Full +2
current
1.2V 1.65Vt0 5.5V | +25°C 0.06
o, Vooasupply | VisVee or GND 1.4Vto0 3.6V | 1.65V to 5.5V Full 5
current lo=0 3.6V oV Full 2 WA
WY, 5.5V Full -2
1.2V 1.65V1t05.5V | +25°C 3.4
oy Vecr supply | Vi=Veo or GND 1.4Vto 3.6V | 1.65V to 5.5V Full 5 A
current lo=0 3.6V ov Full 2
WY, 5.5V Full 2
I mbin °
CfA g:l?pplt; ed V= Voo of GND 1.2v 1.65Vto 5.5V | +25°C 35 A
lo=0
lecs  current o 1.4Vto0 3.6V | 1.65V to 5.5V Full 10
loczn  VCCASUPPIY | V= Vo or GND 1.2v 1.65Vt05.5V | +25°C 0.05 A
current lo =0, OE=GND 1.4V t0 3.6V | 1.65V to 5.5V Full 5
Vcee supp'y V, = Vcg or GND 1.2v 1.65V to 5.5V +25°C 3.3
lecze lo = 0, OE=GND KA
current o=0,0E= 1.4Vto 3.6V | 1.65V1t05.5V Full 5
Input
Ci . OE 12Vto 3.6V | 1.65Vt055V | +25°C 4 pF
capacnance
Input-to- A port 12Vt03.6V | 1.65Vt055V | +25°C 5
output
Co internal PF
: B port 12Vto 3.6V | 1.65Vt055V | +25°C 9
capautance

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

(2) Vccoiis the Vcc associated with the output port

(3) Vccamust be less than or equal to Vccs.
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RS0208
Timing Requirements:
VCCAZl.ZV
Ta=25°C, Vcca=1.2V
Vces=1.8V Vces=2.5V Vcee=3.3V Vces=5V
UNIT
TYP TYP TYP TYP

Data rate 20 20 20 20 Mbps
Pulse duration(tw) | data inputs 50 50 50 50 ns

Vcea=1.5V+0.1V
over recommended operating free-air temperature range, Vcca=1.5V 0.1V (unless otherwise noted)

Vces=1.8V Vces=2.5V Vces=3.3V Vces=5V
+0.15V +0.2V +0.3V +0.5V UNIT
TYP TYP TYP TYP
Data rate 40 40 40 40 Mbps
Pulse duration(tw) | data inputs 25 25 25 25 ns
Vcea=1.8V+£0.15V
over recommended operating free-air temperature range, Vcca=1.8V +0.15V(unless otherwise noted)
Vcce=1.8V Vcee=2.5V Vceg=3.3V Vceg=5V
+0.15V +0.2V +0.3V +0.5V UNIT
TYP TYP TYP TYP
Data rate 50 50 50 50 Mbps
Pulse duration(tw) | data inputs 25 25 25 25 ns
Vcea=2.5V+0.2 V
over recommended operating free-air temperature range, Vcca=2.5V 0.2V (unless otherwise noted)
Vces=2.5V 0.2V Vces=3.3V 0.3V Vces=5V 0.5V
UNIT
TYP TYP TYP
Data rate 70 80 80 Mbps
Pulse duration(tw) | data inputs 14 12 12 ns
Vcea=3.3V£0.3 V
over recommended operating free-air temperature range, Vcca=3.3V £ 0.3V(unless otherwise noted)
Vceg=3.3V +0.3V Vceg=5V +0.5V
UNIT
TYP TYP
Data rate 80 100 Mbps
Pulse duration(tw) data inputs 12 10 ns
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Switching Characteristics: Vcca=1.2V
Ta=25°C, Vcca=1.2V
Vce=1.8V | Vcee=2.5V | Vcee=3.3V | Vces=5V
PARAMETER CONDITIONS UNIT
TYP TYP TYP TYP
Propagation delay time L
tPHL high-to-low output A-to-B 27.8 21.9 20.3 26.5 ns
Propagation delay time L
teLH low-to-high output A-to-B 26 19.1 18.6 22.1 ns
Propagation delay time L
tPHL high-to-low output B-to-A 36.9 37.1 375 36.6 ns
Propagation delay time L
tPLH low-to-high output B-to-A 34.5 34.4 32.8 33.2 ns
ten Enable time OE-to-AorB 378 387 365 348 ns
tais Disable time OE-to-Aor B 19 16 15 16 ns
tm tia  Input rise time m’g“ rise and fall 123 17.1 16.5 131 ns
te ts  Input rise time o portrise and fall 6.6 6.5 7.6 5.1 ns
tsko)  Skew(time), output Channel-to-Channel 2.4 1.6 1.9 7.1 ns
Skew
Maximum data rate 20 20 20 20 Mbps

Switching Characteristics: Vcca=1.5V + 0.1V

over recommended operating free-air temperature range, Vcca=1.5V £ 0.1V(unless otherwise noted)

Vcee=1.8V Vcee=2.5V Vcee=3.3V Vces=5V
PARAMETER CONDITIONS +0.15V +0.2V +0.3V +0.5V UNIT
TYP TYP TYP TYP
Propagation delay time L
tPHL high-to-low output A-to-B 15.1 15.7 12.8 11.6 ns
Propagation delay time L
tpLH low-to-high output A-to-B 17.9 15.2 11.5 9.8 ns
Propagation delay time .
tPHL high-to-low output B-to-A 17.4 15.3 15.1 19.6 ns
Propagation delay time .
tpLH low-to-high output B-to-A 14.3 15.3 15.7 21 ns
ten Enable time OE-to-AorB 225 218 215 216 ns
tdis Disable time OE-to-AorB 18.4 15.7 14.2 13.7 ns
s A port rise
tra, tta  INput rise time and fall time 6.2 6.1 6.1 6.2 ns
L B port rise
trs, tte  INput rise time and fall time 6.6 4.4 3.7 3.1 ns
. Channel-to-
tsko)  Skew(time), output Channel Skew 2.5 2.0 1.8 1.4 ns
Maximum data rate 40 40 40 40 Mbps
10/16 www.run-ic.com
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Switching Characteristics: Vcca=1.8V £ 0.15V
over recommended operating free-air temperature range, Vcca=1.8V +0.15V(unless otherwise noted)

RS0208

Vces=1.8V Vces=2.5V Vcee=3.3V Vces=5V
PARAMETER CONDITIONS +0.15V +0.2V +0.3V +0.5V UNIT
TYP TYP TYP TYP
Propagation delay
teue  time high-to-low A-to-B 13.8 9.1 6.9 7 ns
output
Propagation delay
trn  time low-to-high A-to-B 16.4 9.5 7.7 6.5 ns
output
Propagation delay
teue  time high-to-low B-to-A 13.3 9.3 8.6 8.1 ns
output
Propagation delay
trtn  time low-to-high B-to-A 10.2 8.3 8.6 8 ns
output
ten Enable time OE-to-A or B 185 178 183 167 ns
tais Disable time OE-to-A or B 18.3 13 12.1 11.2 ns
L A port rise and
tra, ttia  Input rise time fall time 5.8 6.3 6.6 7.7 ns
S B port rise and
trs, tte  Input rise time fall time 6.2 4.5 3.5 34 ns
. Channel-to-
tsko)  Skew(time), output Channel Skew 0.8 0.7 0.7 0.6 ns
Maximum data rate 50 50 50 50 Mbps
Switching Characteristics: Vcca=2.5V + 0.2V
over recommended operating free-air temperature range, Vcca=2.5V 0.2V (unless otherwise noted)
Vces=2.5V Vces=3.3V Vces=5V
PARAMETER CONDITIONS 0.2V +0.3V +0.5V UNIT
TYP TYP TYP
Propagation delay time L
tPHL high-to-low output A-to-B 6.9 5.3 4 ns
Propagation delay time e
tPLH low-to-high output A-to-B 8.1 6.2 4.8 ns
Propagation delay time L
PR high-to-low output B-to-A 5.5 4.6 4.2 ns
Propagation delay time .
tPLH low-to-high output B-to-A 1.9 4.3 4.2 ns
ten Enable time OE-to-A or B 157 147 138 ns
tais Disable time OE-to-A or B 13.1 9.7 8.7 ns
tra, tta  INput rise time ﬁn?grt rise and fall 3.5 29 3 ns
trs, tts  Input rise time Erﬁgrt rise and fall 4 2.8 2.5 ns
. Channel-to-
tsko)  Skew(time), output Channel Skew 0.4 0.4 0.3 ns
Maximum data rate 70 80 80 Mbps
11/16 WWWw.run-ic.com



l Innovation Service

Switching Characteristics: Vcca=3.3V £ 0.3V
over recommended operating free-air temperature range, Vcca=3.3V 1+ 0.3V(unless otherwise noted)

RS0208

Vces=3.3V £0.3V | Vcces=5V 0.5V
PARAMETER CONDITIONS UNIT
TYP TYP
Propagation delay time L
tPHL high-to-low output A-to-B 4.8 3.6 ns
Propagation delay time L
tPLH low-to-high output A-to-B 4.9 3.8 ns
Propagation delay time o
tPHL high-to-low output B-to-A 3.5 3.2 ns
Propagation delay time L
tPLH low-to-high output B-to-A 3.9 3.1 ns
ten Enable time OE-to-Aor B 134 128 ns
tais Disable time OE-to-A or B 9.8 7.7 ns
tra Input rise time A port rise time 1.9 1.9 ns
te Input rise time B port rise time 1.8 2.3 ns
tra Input fall time A port fall time 2.9 2.6 ns
trs Input fall time B port fall time 1.8 1.6 ns
tsko) ~ Skew(time), output Channel-to-Channel Skew 0.4 0.3 ns
Maximum data rate 80 100 Mbps
Operating Characteristics
Ta=25°C
VCCA
12v | 1.2v | 15V | 1.8V | 25V | 25V | 33V
Vces
PARAMETER CONDITIONS 33V UNIT
5V 1.8v | 1.8V | 1.8V | 2.5V 5V to
5V
TYP | TYP | TYP | TYP | TYP | TYP | TYP
Power A-portinput 9 8 7 8 8 7
o C.=0 B-port output
Cpon  dissipation | 7))y B-port input
capacitance | = -oWnZz portinp 12 11 12 11 11 11
t=tr=1ns A-port output OF
OE=Vcca A-port input
P_ow_er . (outputs B-port output 35 26 27 27 27 21
Cpoe  dissipation enabled) B-port input
capacitance portinp 25 | 18 | 19 | 19 19 | 20
A-port output
Power A-portinput 1 61 | 001 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01
A C.=0 B-port output
Cpan  dissipation f=10MHz B-port input
capacitance | |V port inp 0.01 | 0.01 | 001 | 0.01 | 0.01 | 0.01 | 0.01
tr=t=1ns A-port output oF
OE=GND A-port input
P_ovv_er _ (outputs B-port output 001 | 0.01 | 001 | 0.01 | 0.01 | 0.010 | 0.01
Cpas  dissipation enabled) B-oort inout
capacitance portinp 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01
A-port output
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Parameter Measurement Information

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

*Zo=50 Q
e dv/dt=1 Vins
Note: All input pulses are measured one at a time, with one transition per measurement.

RS0208

VoI ———— —  Vceco

DUT
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Figure 1. Data Rate, Pulse Duration, Propagation Delay, Output Rise
And Fall Time Measurement Using A Push-Pull Driver

50 k O Open
From Output

Under Test * W\’

—_ 15pF
T~ p 50 k

Figure 2. Load Circuit For Enable/Disable Time Measurement

Table 1. Switch Configuration For Enable/Disable Timing

TEST S1
tpz Y, tp 7? 2 x Vcco
terzL @, trz4® Open

(1) te and tezw are the same as ten.
(2) tez and te; are the same as tdis.
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(1) All input pulses are measured one at a time, with one transition per measurement.

Figure 3. Voltage Waveforms Pulse Duration
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Figure 4. Voltage Waveforms Propagation Delay Times
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Waveform 1 ' , : : Voo
S1at 2 xVeeo : : : :
(see Note 2) N A
: o L . Vv
] ) I oL
: L
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Figure 5. Voltage Waveforms Enable And Disable
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PACKAGE OUTLINE DIMENSIONS

TSSOP20
T il |
—paapagpans  rUoUOULEOHL
L% IR S (RS
| rroreereen OO0
« L > 0.65] | 10.42]|

RECOMMENDED LAND PATTERN (Unit: mm)

, A AAARAAD Al

Nl
Lad I )
»i

€

=
—t

Symbol Dim(-ansions In Millimeters Di-mensions In Inches
Min Max Min Max
A 1.200 0.047
Al 0.050 0.150 0.002 0.006
A2 0.800 1.050 0.031 0.041
b 0.200 0.280 0.008 0.011
c 0.130 0.170 0.005 0.007
D 6.400 6.600 0.252 0.260
E 4.300 4.500 0.169 0.177
El 6.200 6.600 0.244 0.260
e 0.650(BSC) 0.026(BSC)
L 0.450 0.750 0.018 0.030
H 0.250(TYP) 0.010(TYP)
0 0° 8° 0° 8°
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QFN3*3-20L
}4 D >{ N16 N20
'y ARARANARAR
:'\ LASER MARK N15[ ] E N1
PIN I L. D.
] ]
= ] = ]
] D1 ]
N11 [ ] [IN5
e -
v pivinivieEmE
4} N10 \jtblf’g N6 T
TOP VIEW
BOTTOM VIEW
- i
Ao UUTUUUo
Y A
AN
v o
SIDE VIEW
Dimensions In Millimeters Dimensions In Inches
Symbol - -
Min Max Min Max
A 0.700 0.800 0.028 0.031
Al 0.000 0.050 0.000 0.002
A2 0.203REF 0.008 REF
2.950 3.050 0.116 0.120
E 2.950 3.050 0.116 0.120
D1 1.550 1.650 0.061 0.065
El 1.550 1.650 0.061 0.065
K 0.300REF 0.012REF
K1 0.400REF 0.016REF
b 0.150 0.250 0.006 0.010
bl 0.150REF 0.006REF
e 0.400BSC 0.016BSC
L 0.350 0.450 0.014 0.018
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