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Features
* Vcca can be Less than, Greater than or Equal to

Vees

* 1.1Vto3.6VonAPortand 1.1V to 3.6V on B
Port

* High-Speed with 24 Mb/s Data Rate for push-pull
application

* High-Speed with 2 Mb/s Data Rate for open-drain
application

* No Direction-Control Signal Needed

* Low Bit-to-Bit Skew

* Non-preferential Power-up Sequencing

¢ ESD protection exceeds 8000V HBM per
JESD22-A114

* Integrated 10 kQ Pull-up Resistors

A Product Line of
Diodes Incorporated

(L PERICOM

PI4ULS3V204

4-Bit Bi-directional Level Shifter for
open-drain and Push-Pull Application

Description
The PI4ULS3V204 is a 4-bit configurable dual

supply bidirectional auto sensing translator that does
not require a directional control pin. The A and B ports
are designed to track two different power supply rails,
Veea and Veeg respectively. Both the Veca and Vep
supply rails are configurable from 1.1V to 3.6V. This
allows voltage logic signals on the Vcca side to be
translated into lower, higher or equal value voltage
logic signals on the Vg side, and vice-versa.

The translator has integrated 10 kQQ pull-up
resistors on the I/O lines. The integrated pull-up
resistors are used to pull-up the I/O lines to either Veca
or Vcceg. The PI4ULS3V204 is an excellent match for
open-drain applications such as the I°C communication

* Package: TSSOP-14,TQFN3.5x3.5-14,CSP-12 bus.
Applications
¢ I°C, SMBus, MDIO
* Low Voltage ASIC Level Translation
* Mobile Phones, PDAs, Camera
Pin Configuration
VCCA  VCCB
1 14 VCCA[ |1 14[_]vceB
wl o s | et A ]2 13 B1
a3 12 | B2 A2 []3 12[] B2
A3 | 4 11 | B3 A3 [14 1M1[__] B3
A4 |5 10 | B4 A4 [s5 10 ] B4
NC| 6 9 | NC Ne 6 9[ 1] NC
/ 8 GND |7 81 EN
GND EN
TQFN3.5x3.5-14(Top View) TSSOP-14(Top View)
1 2 3

OO0
OO0
OO0

» O OO

CSP-12(Bottom View)
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Block Diagram

A Product Line of
Diodes Incorporated

(L PERICOM

PI4ULS3V204

EN
Figure 1: Block Diagram
Maximum Ratings
Note:
Storage Temperature -65°C to +150°C Stresses greater than those listed under MAXIMUM
DC Supply Voltage port B 03Vt0+55V RATINGS may cause permanent damage to the
DC Supply Voltage port A 03Vi0+5.5V device. This is a stress rating only and functional
Vi(A) referenced DC Input/ Output Voltage. 03Vi0+55V operation of the device at these or any other condi-
Vi(B) referenced DC Input/ Outp utVoltagP 03V 0455V ?ons al:f)(i;/f those. fi'ndif:atefl in thfa 0[1).erczllti](;nal sec-
Enable Control Pin DCINpUt VOIAge ..............evveeereeereeeeeeee 03V to+55V 1ons 01 Hhis Speciiication 15 Not 1Mpred. EXposure
L . to absolute maximum rating conditions for extended
Short circuit duration J/OtOGND) .......eeeeeeieeeiiieeiieeeeeeecieeeee e 40mA . S
periods may affect reliability.
Pin Description
Pin No Pin No Pin No Pin Name Tvpe Description
TSSOP | TQFN CSP yp
A-port supply voltage.

: : B2 Veea POWEr | 1 [V < Veen <36V

2 2 A3 Al 1/0 Input/output A. Referenced to Vca.

3 3 B3 A2 1/0 Input/output A. Referenced to Vca

4 4 C3 A3 1/0 Input/output A. Referenced to Vca

5 5 D3 A4 1/0 Input/output A. Referenced to Vca

7 7 D2 GND GND Ground.

Output enable (active High).

8 8 C2 EN Tnput Pull EN low to place all outputs in 3-state mode.

10 10 D1 B4 1/0 Input/output B. Referenced to Vccg

11 11 Cl B3 1/0 Input/output B. Referenced to Vccg

12 12 Bl B2 1/0 Input/output B. Referenced to Vcg

13 13 Al Bl I/0 Input/output B. Referenced to Vcg

14 14 A2 Vees Power | B-port supply voltage. 1.1 V <X Vg < 3.6V

6,9 6,9 / NC NC Not Connect
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PI4ULS3V204
Recommended operation conditions
Symbol Parameter Min Typ Max Unit
Veea | Veea Positive DC Supply Voltage 1.1 - 3.6 \Y
Vees | Vees Positive DC Supply Voltage 1.1 - 3.6 \Y
Ven | Enable Control Pin Voltage GND - 3.6 \Y
Vio |I/O Pin Voltage GND - 3.6 \%
At /AV | Input transition rise or fall time - - 10 ns/V
Ta Operating Temperature Range —40 - +85 °C
DC Electrical Characteristics
Unless otherwise specified, -40°C<T,<85°C, 1.1V<Vcc<3.6V
Symbol Parameter Test Conditions Min Typ Max | Unit
23V<V(cp) <3.6V Veeg— 0.4 - - v
Vs | B port Input HIGH Voltage 1.5V<Vcc@p <2.3V Veeg— 0.2 v
1.1V<Vccp <1.5V Veeg— 0.1 v
Vis | B port Input LOW Voltage - 0.15 v
2.3V=<Vccn 3.6V Veea— 0.4 v
Via | A port Input HIGH Voltage 1.5V<Vccn <2.3V Veea— 0.2 v
1.1IV<Vcn <1.5V Veea—0.1 v
Via | A port Input LOW Voltage - - - 0.15 \"
Vien | Control Pin Input HIGH Voltage 15V=Veew=3.6V 0.65%Veca - - v
1.1V<Vccn 1.5V 0.6*Vcea v
1.5V <V <3.6V - ; 8‘35 v
CCA
Vien) | Control Pin Input LOW Voltage
11V<SVcep <15V 0.4* Veeal 'V
Vous | B port Output HIGH Voltage B port source current = -20 A 0.8*V¢ep - - \%
Vors | B port Output LOW Voltage B port sink current =1 mA - - 0.4 \"
Voua | A port Output HIGH Voltage A port source current= -20 pA 0.8*% Vcea - - \%
Vora | A port Output LOW Voltage A port sink current =1 mA - - 0.4 \'
Veea=1.1V to 3.6V,
Vie Vees Vel 1V 10 3.6V ) 10 3 nA
— . VCCA=1.1V,VCCB=1.8V - 0.6 2 LA
Ices Ve Supply Current Io=0A;
EN=Low [VCCA=1.8V,VCCB=3.3V - 0.7 2 LA
orHigh  [Viea=3.6V, Veep=0V - 1 nA
Veeay= 0V, Veep)=3.6V - 1 pA
Vi=Veen  [Veca=1.1V 10 3.6V, ) 02 1 uA
To=0A; Veegy=1.1V to 3.6V
Tcca Veea Supply Current EN=Low |[Veca= 3.6V, Voem=0V i} B 1 WA
or High  |Vieu=0V, Veep=3.6V - - 1 uA
Io, IC/(u)rr"l;:t state Output Mode Leakage i ) 01 1.0 uA
Iien Control pin leakage Current Vi= Veer or GND - - 1 LA
R, | Pull-Up Resistors I/O A and B - - 10 - kQ
G EN Veew= 3.3V, Veen)=3.3V - - 0.5 pF
Co A port Veew= 3.3V, Veen)=3.3V - - 5 pF
B port Veew= 3.3V, Veen)=3.3V - - 5 pF
Note: All units are production tested at T, = +25°C. Limits over the operating temperature range are guaranteed by design.
All trademarks are property of their respective owners. www.diodes.com 3/10/2017
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Typical values are for Voeg = +2.8 V, Veoea =+1.8 V and Ty = +25°C.
AC Electrical characteristics

Timing Characteristics — Rail-to-Rail Driving Configuration (/O test circuits of Figures 2, 3 and 7, Coap = 15 pF, driver
output impedance < 50Q, Rioap = 1 MQ, T = -40°C to 85°C, unless otherwise specified)

Symbol | Parameter | Test Conditions | Min | Typ | Max Unit
Veea= 12VH0.1V, V. . = 1.8V0.15V
(R B port Rise Time - 20 nS
'Y B port Fall Time - 25 nS
fRA A port Rise Time - 20 nS
trA A port Fall Time - 20 nS
tEN Enable Time - 200 nS
s Disable Time - 200 nS
tpHL-A-B Propagation Delay - 9 nS
LB (Driving A) N 11 oS
tpHL-B-A Propagation Delay - 9 nS
oL (Driving B) - 10 nS
tpPSKEW Part—to—Part Skew - 1 nS
MDR Maximum Data Rate - 20 Mbps
Veea=12VH0.1V, V., = 2.5V£0.2V
[ N B port Rise Time - 12 nS
tep B port Fall Time - 14 nS
fRA A port Rise Time - 20 nS
trA A port Fall Time - 25 nS
EN Enable Time - 200 nS
tos Disable Time - 200 nS
tpHL-A-B Propagation Delay - 9 nS
oL A B (Driving A) _ 11 nS
tpHL-B-A Propagation Delay - 9 nS
T (Driving B) _ 10 S
tppPSKEW Part—to—Part Skew - 1 nS
MDR Maximum Data Rate - 20 Mbps
Veea=12VE0.1V, V., = 3.3V£0.3V
[N B port Rise Time - 12 nS
g B port Fall Time - 18 nS
tRA A port Rise Time - 16 nS
trA A port Fall Time - 30 nS
ten Enable Time - 200 nS
this Disable Time - 200 nS
tpHL-A-B Propagation Delay - 8 nS
tpLH-AB (Driving A) _ 11 nS
tpHL-B-A Propagation Delay - 8 nS
tpLE_BA (Driving B) _ 10 nS
tpPSKEW Part—to—Part Skew - 1 nS
MDR Maximum Data Rate - 20 Mbps

To be continued.
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Continuously.
Symbol | Parameter Test Conditions | Min | Typ | Max | Unit
Veea=1.8V+0.15V, vV, . =1.2V0.1V

trp B port Rise Time - 25 nS
[ B port Fall Time - 25 nS
tra A port Rise Time - 14 nS
tea A port Fall Time - 25 nS
teN Enable Time - 200 nS
tors Disable Time - 200 nS
ton-AB Propagation Delay - 10 nS
toas (Driving A) _ 15 nS
o -—B-A Propagation Delay - 12 nS
tor b n (Driving B) _ 12 nS
topskEwW Part-to-Part Skew - 1 nS
MDR Maximum Data Rate - 20 Mbps
Vica=1.8V20.15V, v . =2.5V+0.2V
e B port Rise Time - 8 nS
e B port Fall Time - 8 nS
tra A port Rise Time - nS
SN A port Fall Time - 12 nS
teN Enable Time - 200 nS
tois Disable Time - 150 nS
tpHL-A-B Propagation Delay - 5 nS
LA (Driving A) _ 4 nS
tpHL-B-A Propagation Delay - 4 nS
LB A (Driving B) N 4 nS
tppSKEW Part—to—Part Skew - 1 nS
MDR Maximum Data Rate - 24 Mbps
Vica=1.8V20.15V, v . . =3.3V+0.3V
(kB B port Rise Time - 8 nS
te B port Fall Time - 8 nS
tra A port Rise Time - 4 nS
tra A port Fall Time - 10 nS
ten Enable Time - 180 nS
tors Disable Time - 120 nS
tpHL-A-B Propagation Delay - 6 nS
L AB (Driving A) _ 4 nS
tpHL-B-A Propagation Delay - 4 nS
tLIBA (Driving B) _ 4 nS
tppSKEW Part—to—Part Skew - 1 nS
MDR Maximum Data Rate - 24 Mbps

To be continued.
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PI4ULS3V204
Continuously.
Symbol | Parameter |  Test Conditions | Min [ Typ | Max | Unit
Veea=2.5V0.2V, v . =1.2V0.1V
trp B port Rise Time - 25 nS
tep B port Fall Time - 30 nS
tra A port Rise Time - 12 nS
tea A port Fall Time - 30 nS
teN Enable Time - 200 nS
tors Disable Time - 180 nS
ton-AB Propagation Delay - 10 nS
toas (Driving A) _ 14 nS
ton—p-a Propagation Delay - 20 nS
to 5 n (Driving B) _ 12 1S
CopskEW Part-to-Part Skew - 1 nS
MDR Maximum Data Rate - 20 Mbps
Viea=2.5V20.2V, v . . = 1.8V+0.15V

e B port Rise Time - 8 nS
te B port Fall Time - 9 nS
tra A port Rise Time - 9 nS
SN A port Fall Time - 9 nS
teN Enable Time - 200 nS
tois Disable Time - 120 nS
tpHL-A-B Propagation Delay - 3 nS
tLH-A-B (Driving A) - 2 nS
tpHL-B-A Propagation Delay - 5 nS
LB A (Driving B) _ 5 1S
tppSKEW Part—to—Part Skew - 1 nS
MDR Maximum Data Rate - 24 Mbps
Viea=2.5V+0.2V, V. =3.3V0.3V
e B port Rise Time - 7 nS
te B port Fall Time - 8 nS
traA A port Rise Time - 4 nS
tra A port Fall Time - 10 nS
teN Enable Time - 200 nS
tors Disable Time - 120 nS
tpHL-A-B Propagation Delay - 3 nS
L AB (Driving A) _ 5 1S
tpHL-B-A Propagation Delay - 4 nS
tpLH-B-A (Driving B) - 4 nS
tppSKEW Part—to—Part Skew - 1 nS
MDR Maximum Data Rate - 24 Mbps

To be continued.
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PI4ULS3V204
Continuously.
Symbol | Parameter |  Test Conditions | Min | Typ| Max | Unit
Veea=3.3V0.3V, v, =1.2V+0.1V
trp B port Rise Time - 26 nS
tep B port Fall Time - 32 nS
tra A port Rise Time - 12 nS
tea A port Fall Time - 40 nS
teN Enable Time - 120 nS
tors Disable Time - 300 nS
ton-AB Propagation Delay - 10 nS
toas (Driving A) N 14 nS
ton—p-a Propagation Delay - 25 nS
to 5 n (Driving B) N 12 1S
CopskEW Part-to-Part Skew - 1 nS
MDR Maximum Data Rate - 20 Mbps
Viea=3.3V20.3V, v . . = 1.8V+0.15V

e B port Rise Time - 6 nS
te B port Fall Time - 11 nS
tra A port Rise Time - 6 nS
SN A port Fall Time - 7 nS
teN Enable Time - 120 nS
tois Disable Time - 200 nS
tpHL-A-B Propagation Delay - 4 nS
tLH-A-B (Driving A) - 4 nS
tpHL-B-A Propagation Delay - 5 nS
LB A (Driving B) N 5 1S
tppSKEW Part—to—Part Skew - 1 nS
MDR Maximum Data Rate - 24 Mbps
Viea=3.3V0.3V, v, =2.5V0.2V
e B port Rise Time - 6 nS
te B port Fall Time - 10 nS
traA A port Rise Time - 6 nS
tra A port Fall Time - 7 nS
teN Enable Time - 120 nS
tors Disable Time - 200 nS
tpHL-A-B Propagation Delay - 4 nS
L AB (Driving A) _ 4 1S
tpHL-B-A Propagation Delay - 4 nS
tpLH-B-A (Driving B) - 4 nS
tppSKEW Part—to—Part Skew - 1 nS
MDR Maximum Data Rate - 24 Mbps

To be continued.
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PI4ULS3V204
Timing Characteristics — Open Drain Driving Configuration
(1.1= Veea< Veep £ 3.6V, Ty = -40°C to 85°C)
Symbol Parameter Test Conditions Min Typ Max Unit
L B port Rise Time - - - 300 nS
g B port Fall Time - - - 30 nS
tRa A port Rise Time - - - 300 nS
tea A port Fall Time - - - 30 nS
toni-A-B Propagation Delay - - - 20 nS
oy as (Driving A) _ _ _ 260 nS
Lo A Propagation Delay - - - 20 nS
ot pn (Driving B) _ B _ 260 nS
topsKEW Part-to-Part Skew - - - 1 nS
MDR Maximum Data Rate - 2 - - Mbps

Test Circuits

Vech %_T:

Seulirem

ol b

m
=

Figure 2.Rail-to-Rail Driving A

Figure 3. Rail-to-Rail Driving B

Viece —_L—E:I:: L —g Vees

= —1 —— B
4 . - Vi B
= = il =
"I_I"'J — I_ T Cioan Cono T
— Rioap Rios -
Figure 4, Open=Drain Driving A Figure 5. Open=Drain Driving B
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Figure 6. Definition of Timing Specification Parameters

Ve
7T o— 2%V
o— OQOPEN
PULSE DUT N Ry
GENERATOR o l
R+ CL R
i T V*=VADFVE
+
Test Switch
tpzn. truz Open
tpzL, thLz 2wV

C_ =15 pF orequivalent {Includes jig and probe capacitance) -
R, =R;=50k 2 orequivalent

Ry = Zgur of pulse generator (typically 50 £2)

V&=V, orVg for A or B measurements,

respectively.

Figure 7. Test Circuit for Enable/Disable Time Measurement

EN {50% X -
—/ n
— t t — [
] PZL PLZ HIGH
IMPEDANCE
50%
Output 1o— Vol
™ tezn tewz T ™ [
90%  Vou
fu}
Output 30% \ HIGH
IMPEDANCE
Figure 8. Timing Definitions for Propagation Delays and Enable/Disable Measurement
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PI4ULS3V204

Functional Description
The PI4ULS3V204 is a 4-bit configurable dual—supply bidirectional auto sensing translator that does not require a

directional control pin. The A and B ports are designed to track two different power supply rails, Vcca and Vecp respectively.
Both the Vca and Vg supply rails are configurable from 1.1 V to 3.6V. This allows voltage logic signals on the V¢, side to be
translated into lower, higher or equal value voltage logic signals on the V ccp side, and vice—versa.

The translator has integrated 10 kQ pull—up resistors on the I/O lines. The integrated pull—up resistors are used to pull—up the
I/0 lines to either Vca or Veep. The PIAULS3V204 is an excellent match for open—drain applications such as the I’C
communication bus.

Application Information

18V l
I 0.1 yF Veeny |Veee) IO 1uF
18V EN 33V

SYSTEM
A1l 1
CONTROLLER 2 ReTEM
A2 B2
DATA A3 B3 DATA
Ad B3
GND
7

Level Translator Architecture

The PI4ULS3V204 auto sense translator provides bidirectional voltage level shifting to transfer data in multiple
supply voltage systems. This device has two supply voltages, Vcca and Vcp, which set the logic levels on the input
and output sides of the translator. When used to transfer data from A port to B port, input signals referenced to the
Vcea supply are translated to output signals with a logic level matched to Vccg. In a similar manner, translation shifts
input signals with a logic level compatible to V¢cp to an output signal matched to Vca. The PIAULS3V204 consists of
two bidirectional channels that independently determine the direction of the data flow without requiring a directional
pin. The one-shot circuits are used to detect the rising or falling input signals. In addition, the one shots decrease
the rise and fall time of the output signal for high-to-low and low-to-high transitions. Each input/output channel has an
internal 10 kQ pull. The magnitude of the pull-up resistors can be reduced by connecting external resistors in parallel
to the internal 10 kQ resistors.

All trademarks are property of their respective owners. www.diodes.com 3/10/2017
2017-03-0002 PT0511-3
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PI4ULS3V204
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Input Driver Requirements

The rise (tg) and fall (tg) timing parameters of the open drain outputs depend on the magnitude of the pull—up
resistors. In -addition, the propagation times (tpp), skew (tpskew) and maximum data rate depend on the impedance of
the device that is connected to the translator. The timing parameters listed in the data sheet assume that the output
impedance of the drivers connected to the translator is less than 50 kQ.

Enable Input (EN)

The PI4ULS3V204 has an Enable pin (EN) that provides tri-state operation at the I/O pins. Driving the Enable
pin to a low logic level minimizes the power consumption of the device and drives the I/O V¢cg and I/O V¢, pins to a
high impedance state. Normal translation operation occurs when the EN pin is equal to a logic high signal. The EN
pin is referenced to the Vca supply and has overvoltage tolerant protection.

Power Supply Guidelines

During normal operation, supply voltage Vcca can be greater than, less than or equal to Vcg. The sequencing of
the power supplies will not damage the device during the power up operation. For optimal performance, 0.01uF to
0.1uF decoupling capacitors should be used on the Vcca and Vcp power supply pins. Ceramic capacitors are a good
design choice to filter and bypass any noise signals on the voltage lines to the ground plane of the PCB. The
noise immunity will be maximized by placing the capacitors as close as possible to the supply and ground pins,
along with minimizing the PCB connection traces.

All trademarks are property of their respective owners. www.diodes.com 3/10/2017
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Mechanical Information
TQFN3.5x3.5-14L
D D1
| [ ] | N3
| JU U UL y
| ]
| o[ =
I 1
R S I e e A
1 1
‘ N[ I —— et
I ]
@ | m m m ~ m PKG. DIMENSIONS{MM)
ol PINA I NE T T 2 SYMBOL Min Max
Index Area e b A 0.BO 0.80
L"'l Al 0,00 0.08
TOP VIEW BEOTTOM VIEW A3 0.20 REF
b 342 358
E 3.42 358
Di 195 215
I E1 195 215
< 1 b 0.20 0.30
‘ f_l_ﬂ_l‘i"l_[_l_l ] e 0.50 TYP
=5 | e1 150 TYP
< 2 L 0.32 0.48
SIDE VIEW
mmm DATE: 06/18/13
k. L T e——,
1. Ref: JEDEC MO-2888 DESCRIPTION: 14-Pin, TQFN, 3.5x3.5
PACKAGE CODE: ZB (ZB14)
DOCUMENT CONTROL #: PD-2154 REVISION: —
13-0193
All trademarks are property of their respective owners. www.diodes.com 3/10/2017
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Mechanical Information
CSP1.37x1.87-12

A Product Line of
Diodes Incorporated

(L PERICOM

PI4ULS3V204

E |
—®
® e
| 0 |D D B
L}
|
c | @ D
- = o = g =
| D D D
l KRS
# =
T
Ball A3 123 %
Index Area s
Tap View : PKG. DIMENSIONS(MM
otm view [#]dasa@]c]A[E] symeoL| Wi le:Ix
A 1.625
X 016 0.22
0 184 1.50
< | (D [eec]C]
© 0.50 BSG
NN PN p s e Seating Plane E 1.34 140
= b 0.24 028
{ %
coc 0.05 TYP
Side View ded 0015 TYP

Notas:
1, RefJEDEC MO-211C

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

DATE: 03/02M17

DESCRIPTION: 12-Pin, CSP, 1.37X1.87, Wafer Level

PACKAGE CODE: GA (GA12)

DOCUMENT CONTROL#: PD-2156

REVISION: A

All trademarks are property of their respective owners. www.diodes.com
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PI4ULS3V204
TSSOP-14(L)
14 8 im— SYMBOLS MIM. MNOM. MAX,
B 7 ,(J % A = = 1.20
H H H H H H H ! \ Al 0.05 = 0.15
Vi, A2 0.80 1.00 1.05
_/“ <l ke b 0.19 - 0.30
F c 0.09 — 0.20
D 4.90 5.00 5.10
of w E1 4.30 4,40 4.50
E 6.20 6.40 6.60
@ [e] 0.65 BSC
L1 1.00 REF
—~ 0.45 0.80 0.75
JUQNUUY S CHN I B
1 E N 7 —H c a o - g
T b - [ b
5
D
; u
£ &
D = \ +
H' GAUGE PLANE
DETAIL F 570 SEATING PLANE
L
L1
J‘PE?IMM' DATE: 03/24/16
" Enabling Sorial Conmmetvlly
NOTES: DESCRIPTION: 14-Pln, 173mil Wide TSSOP
1. ALL DIMENSIONS IN MILLIMETERS. ANGLES IN DEGREES.
2. JEDEC MO—153F PACKAGE CODE: L (L14)
3. DIMENSIONS DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. DOCUMENT CONTROL #: PD-1309 REVISION: E
18-0080
Ordering Information
Part No. Package Code Package
PI4ULS3V204LE L 14-Pin, 173 mil Wide TSSOP
PI4ULS3V204LEX L 14-Pin,173 mil Wide TSSOP, Tape & reel
Lead free and Green 14-pin TQFN3.5x3.5,
PI4ULS3V204ZBEX ZB Tape & Reel
Lead free and Green 12-pin CSP1.37x1.87,
PI4ULS3V204GAEX GA Tape & Reel

Note:
e E =Pb-free and Green
e Adding X Suffix= Tape/Reel
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