ANALOG
DEVICES

Low Voltage, 1.15V to 5.5V, 8-Channel
Bidirectional Logic Level Translators

ADG3308/ADG3308-1

FEATURES

Bidirectional logic level translation
Operates from 1.15Vto 5.5V

Low quiescent current < 1 pA

Mo direction pin

APPLICATIONS

Low voltage ASIC level translation
Smart card readers

Cell phones and cell phone cradles
Portable communication devices
Telecommunications equipment
Network switches and routers
Storage systems (SAN/NAS)
Computing/server applications
GP5

Portable POS systems

Low cost serial interfaces

GENERAL DESCRIPTION

The ADG3308/ADG3308-1 are bidirectional level translators
containing eight bidirectional channels. They can be used in
multivoltage digital system applications, such as a data transfer
between a low voltage DSP controller and a higher voltage device.
The internal architecture allows the device to perform
bidirectional level translation without an additional signal to set
the direction in which the translation takes place.

The voltage applied to Voca sets the logic levels on the A side

of the device, and Veoy sets the levels on the Y side. For proper
operation, Ve, must always be less than Veey. The Ve,
compatible logic signals applied to the A side of the device
appear as Veoy compatible levels on the Y side. Similarly, Voo
compatible logic levels applied to the Y side of the device appear
as Vo compatible logic levels on the A side.

The enable pin (EN) provides three-state operation on both the
A side and the Y side pins. When the EN pin is pulled low, the
terminals on both sides of the device are in the high impedance
state. For normal operation, EN should be driven high.
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The ADG3308 is available in a compact 20-lead TSSOP and
a 20-lead LFCSPE. The ADG3308-1 is available in a 20-ball
WLCSE. The EN pin is referred to the Veor supply voltage
for the ADG3308 and to the Ve, supply voltage for the

ADCGIS08-1.

The ADG3308/ADG3I308-1 are guaranteed to operate over the
115V to 5.5 V supply voltage range and the extended —40°C to
+85°C temperature range.

PRODUCT HIGHLIGHTS
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Mo direction pin.

Packages: 20-lead TSSOP and 20-lead LFCSP (ADNG3308)
and 20-ball WLCSP (ADG3308-1).

Bidirectional logic level translation.

Fully guaranteed over the 1.15 V to 5.5 V supply range.




SPECIFICATIONS

Vor =165V 10 55V, Voo = 115V to Voo, GND = 0 V. All specifications Tums to T, unless otherwise noted. !

Table 1.
Parameter Symbol | Conditions Min Typ® Max Unit
LOGIC INPUTS/OUTPUTS
A Side
Input High Violtage? Wik Veoa = 1.15V Veca =03 v
1I.Ir|H.'s, ch, =12Vtos55V 0.65 X"H"n:,l. v
Input Low Voltage® Vi 035 xVeew | V
Output High Voltage WoHa Wy = Vo, los = 20 pA, see Figure 29 Ve —04 v
Output Low Voltage Voua Wy =0V, low = 20 pA, see Figure 29 0.4 W
Capacitance® Ca f=1MHz, EN =0, see Figure 34 10 pF
Leakage Current lo pacssz | Vo =0V orVos, EN =0, see Figure 31 +1 ey
¥ Side
Input High Violtage? Wik 065 3 Vecr v
Input Low Voltage? Wi 035xVey |V
Output High Violtage Vowy Vo=V, low = 20 ph, see Figure 30 Ve — 0.4 v
Output Low Voltage Vour Vo =0V, le = 20 pA, see Figure 30 04 1)
Capacitance® Cr f=1MHz, EN =0, see Figure 35 6.8 pF
Leakage Current lepaciz | Vv =0V or Voo, EM =0, see Figure 32 +1 TL
Enable (EM)
Input High Violtage? Vinen
ADG3308 (TS50F, LFCSP) 0.65 % Veor W
ADG3I308-1 (WLCSP) Voo =115V Ve =03 W
Ve =12V10 55V 065 % Vs, W
Input Low Voltage? Vien
ADGIZ08 (TS50F, LFCSF) 035w Voo |V
ADG3I308-1 (WLCSP) 035 x Voo |V
Leakage Current luem Ve =0V or Voo, Vi =0V, see Figure 33 +1 ey
Capacitance® Cen 45 pF
Enable Time* Ten Rs=Rr=500,Va=0Vaor 1 1.8 us
Veea (A=Y), Vv = 0V or Vaoy (Y2A),
see Figure 36
SWITCHING CHARACTERISTICS®
33V203V = Voo s Voo, Veor =5V 2 0.5V
A=Y Level Translation Rs = Rr= 50}, Cu = 50 pF, see Figure 37
Propagation Delay e mav 6 10 ns
Rize Tirme T asv 2 35 ns
Fall Time 1z mav 2 35 ns
Maximurm Data Rate Dhse aor 50 Mbps
Channel-to-Channel Skew TakEw, Asy 2 4 ns
Part-to-Part Skew trpsizw aer 3 ns
¥-»A Level Translation Rs=Rr= 500} C.=15 pF, see Figure 38
Propagation Delay Tevan 4 ns
Rize Time T vaa 1 ns
Fall Time = vaa 3 ns
Maximurm Data Rate i v 50 Mbps
Channel-to-Channel Skew TSHEW, ¥ 3 2 35 ns
Part-to-Part Skew 2 ns

trraEw v




Parameter Symbol | Conditions Min Typ® Max Unit
18V 2015V < Voo = Voo, Vey =33V 203V
A=Y Level Translation Rz = Rr= 501}, G =50 pF, see Figure 37
Propagation Delay e fav 8 11 ns
Rise Time 15, AsY 2 5 ns
Fall Time 15 nav 2 5 ns
Maximurm Data Rate D a7 50 Mbps
Channel-to-Channel Skew TarEw sy 2 4 ns
Part-to-Part Skew TrpsiEw Aer 4 ns
¥-+# Level Translation Rs=Rr=500} G =15 pF, see Figure 38
Propagation Delay e vt 5 B ns
Rise Tirme e vaa 2 35 ns
Fall Time 1z van 2 35 ns
Maximum Data Rate Dhsie v 50 Mbps
Channel-to-Channel Skew TarEw Vs 2 3 ns
Part-to-Part Skew Trrsim st 3 ns
105V 10 1.3V e Vo s Voo, Viy =33V 2 03V
A=Y Level Translation Rs = Ry =501}, C = 50 pF, see Figure 37
Propagation Delay e Aoy 9 18 ns
Rise Time e Asv 3 5 ns
Fall Time s nav 2 5 ns
Maximurn Data Rate Dhaan, s 40 Mbps
Channel-to-Channel Skew TsHEW, A5y 2 5 ns
Part-to-Part Skew PR, A 10 ns
¥+ Level Translation Rs = Rr=501{}, C. =15 pF, see Figure 38
Propagation Delay T2 vsa 5 o ns
Rise Time 18, vl 2 4 ns
Fall Time 15 vt 2 4 ns
Maximurn Data Rate Dt v 40 Mbps
Channel-to-Channel Skew TsKEW ¥+A 2 4 ns
Part-to-Part Skew TRRSKEW Y24 4 ns
115V 013V e Vo sV, Ve = 1.EV 2 03V
A=Y Level Translation Rs = Rr= 501}, G =50 pF, see Figure 37
Propagation Delay T2 aav 12 25 ns
Rise Time TR, &Y 7 12 ns
Fall Time 5 Ao 3 5 ns
Maximurm Data Rate Dhan, o7 25 Mbps
Channel-to-Channel Skew TSKEW, A 2 5 ns
Part-to-Part Skew TRRSKER, AsY 15 ns
¥-+A Level Translation Rs = Rr=5010), G =15 pF, see Figure 38
Propagation Delay T2 vaa 14 35 ns
Rise Time TR, T4l 5 16 ns
Fall Time 1 ¥l 25 65 ns
Maximurm Data Rate Dhaaz, vass 25 Mbps
Channel-to-Channel Skew TSKEW, T+A 3 6.5 ns
Part-to-Part Skew TRRSKEW Y2 235 ns




Parameter Symbeol | Conditions Min Typ® Max Unit
25V 202V sVoa s Voo, Veor = 33V 203V
A=Y Level Translation Rs = Rr= 501}, G = 50 pF, see Figure 37
Propagation Delay e nar 7 10 ns
Rise Time 8, A5 25 4 ns
Fall Time 1z far 2 5 ns
Maximum Data Rate Dhusse o a0 Mbps
Channel-to-Channel Skew TskEw At 15 2 ns
Part-to-Part Skew trpsizw asr 4 ns
¥-+A Level Translation Rs=FRr=501} G =15 pF, see Figure 38
Propagation Delay T van 5 B ns
Rise Time T van 1 4 ns
Fall Time te van 3 5 ns
Maximurn Data Rate Dhaaie, v a0 Mbps
Channel-to-Channel Skew TskEW ¥al z ns
Part-to-Part Skew TrpsEwvaa ns
POWER REQUIREMENTS
Power Supply Voltages Vieca Weea = Weor 1.15 5.5 v
Vior 165 55 v
Quiescent Power Supply Current loca Va=0V orVece, Vy =0V or Vo, 037 1 pA
Veca=Veoor =55V, EN = Verr
leoy Vo= 0V or Vo, Ve =0V or Ve, 027 1 LA
Ve =Veor =55V, EN = Vieor
Three-5tate Mode Power Supply Current leageszs Veen =Veor =55V, EN=0 0.1 1 LA
[Proees Vera=Veor =55V, EN=0 01 1 WA

! Temperature range is —40°C to +85°C (B Version) for the TSS0F, the LFCSP, the WLCSP, and the backside-coated WLCSP.
* All typical values are at Ta = 25°C, unless otherwise noted.
I Guaranteed by design; not subject to production test.

ABSOLUTE MAXIMUM RATINGS

Ta=25"C, unless otherwise noted.

Table 2.
Parameter Rating
Ve to GND =03Vto+7V
Ve to GMDY Vees to +7 WV
Digital Inputs (A) =03Vto (Veca +0.3V)
Cigital Inputs (Y) =03Vto (Veoy + 03 V)
EM to GMD =03Vto+7V
Operating Temperature Range

Extended Industrial Range (B Version) | —40°C to +85°C
Storage Temperature Range =65 to +150°C
Junction Ternperature 150°C
B Thermal Impedance

20-Lead TS50P TErCw

20-Lead LFCSP 30.48°0W

20-Ball WLCSP 100°CW
Lead Temperature, Soldering (10 sec) 300°C

IR Reflow, Peak Temperature (<20 sec)

260°C (+H0PC/=57C)

Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. Thisis a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.

Only one absolute maximum rating may be applied at any
one time.

ESD CAUTION
ESD (electrostatic discharge) sensitive device,
Charged devices and dircuit boards cam discharge
‘ without detection. Althowgh this product features

patented or progrietary protection circuitry, damage
‘]E I\ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions shoukd be taken (o

avoid performance degradation or |oss of functionality.




PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS
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Table 3. Pin Function Descriptions
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Pin/Ball No.
TS50P LFCSP WLCSP Mnemonic | Description
1 19 ad WVeea, Power Supply. Power supply voltage input for the A1 /O pin to the A8 I/O pin
“ sV Svcc.s, < "l"cnr]'.
2 20 a3 Al Input/Output A1, Referenced to Ve,
3 1 b4 A2 Input/Output A2. Referenced to Ve,
4 2 b3 A3 Input/Cutput A3. Referenced to Veca.
5 3 cd Ad Input/Cutput A4. Referenced to Veca.
[ 4 3 AS Input/Cutput AS5. Referenced to Veca.
7 5 d4 As Input/Cutput A6, Referenced to Veca.
B & d3 AT Input/Output A7. Referenced to Veca.
g 7 ed AB Input/Output AS. Referenced to Veca.
10 ] e3 EM Active High Enable Input.
n 9 el GMND Ground.
12 10 el Y& Input/Output Y. Referenced to V.
13 11 d2 ¥7 Input/Qutput ¥7. Referenced to Voo,
14 12 d1 Y& Input/Qutput Y6. Referenced to V.
15 13 2 ¥5 Input/Qutput ¥5. Referenced to V.
16 14 cl Y4 Input/Qutput Y4. Referenced to V.
17 15 b2 Y3 Input/Output ¥3. Referenced to Voo,
18 16 b1 Y2 Input/Output ¥2. Referenced to Voo,
19 17 a2 ¥1 Input/Output ¥1. Referenced to Voo,
20 18 al Vecy Power Supply. Power supply voltage input for the Y1 /0 pin to the Y8 I/0 pin
[1.65V = Ve = 5.5V).




TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 17. Rise Time vs. Capacitive Load at Pin A {Y+A Level Translation)

Figure 18 Fall Time vs. Capacitive Load at Pin A (Y34 Level Translation)
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TEST CIRCUITS

ADG3IZ0B/
ADG3308-1

ADG3I308/
ADG3308-1 Voo
g 0.1pF
Yz
=
GHD

7 E

Figure 3 1. Three-State Leakage Current at Pin A

Figure 32 Three-5tate Leakage Current at Pin ¥

Figure 33, EN Pin Leakage Current
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TERMINOLOGY

I"rlll..\.
Logic input high voltage at Pin Al to Pin A8,

Vi
Logic input low voltage at Pin Al to Pin AS.

Vo
Logic output high voltage at Pin Al to Pin AS.

"FEILA.
Logic output low voltage at Pin Al to Pin A8

Ca
Capacitance measured at Pin Al to Pin A8 (EN = 0).

Iis mcez
Leakage current at Pin Al to Pin AB when EN = 0 (high
impedance state at Pin Al to Pin A8).

Wiy

Logic input high voltage at Pin Y1 to Pin Y8,
I"rll.'l'

Logic input low voltage at Pin Y1 to Pin Y&.

Vouy

Logic output high voltage at Pin Y1 to Pin Y&.

Vo
Logic output low voltage at Pin Y1 to Pin Y8.

DI’L.\.'X. As¥

Guaranteed data rate when translating logic levels in the A3Y
direction under the driving and loading conditions specified in
Table 1.

Taxew, aav
Difference between propagation delays on any two channels
when translating logic levels in the A=2Y direction.

tppskEw, 4av

Difference in propagation delay between any one channel and
the same channel on a different part (under same drivingf
loading conditions) when translating in the A=Y direction.

e vaa
Propagation delay when translating logic levels in the Y-3A
direction.

In vaa
Rise time when translating logic levels in the ¥ -3A direction.

e van
Fall time when translating logic levels in the YA direction.

D, vaa

Guaranteed data rate when translating logic levels in the YA
direction under the driving and loading conditions specified in
Table 1.



Cy
Capacitance measured at Pin Y1 to Pin Y8 (EN = 0).

Iy micmz
Leakage current at Pin ¥1 to Pin Y8 when EN = 0 (high
impedance state at Pin Y1 to Pin Y8).

Vinex

Logic input high voltage at the EN pin.
Vi

Logic input low voltage at the EN pin.
Cex

Capacitance measured at EN pin.

Tnew

Enable (EN) pin leakage current.

L1559

Three«state enable time for Pin Al to Pin AB/Pin Y1 to Pin Y&,
e sy

Propagation delay when translating logic levels in the A=Y
direction.

| T
Rise time when translating logic levels in the A+Y direction.

e asy
Fall time when translating logic levels in the A3Y direction.

THEORY OF OPERATION

The ADG3308/ ADG3308-1 level translators allow the level
shifting necessary for data transfer in a system where multiple
supply voltages are used. The device requires two supplies, Veca
and Veer (Voca £ Voor). These supplies set the logic levels on
each side of the device. When driving the A pins, the device
translates the Voca compatible logic levels to Voo compatible
logic levels available at the Y pins. Similarly, becanse the device
is capable of bidirectional translation, when driving the Y pins
the Voo compatible logic levels are translated to the Voo,
compatible logic levels available at the A pins. When EN = 0,
the Al pin to the A8 pin and the Y1 pin to the Y8 pin are three-
stated. When EN is driven high, the ADG3308/ADG3I308-1 go
into normal operation mode and perform level translation.

LEVEL TRANSLATOR ARCHITECTURE

The ADG3308/ADG3308-1 consist of eight bidirectional
channels. Each channel can translate logic levels in either the
A=Y or the YA direction. They use a one-shot accelerator
architecture, ensuring excellent switching characteristics.
Figure 39 shows a simplified block diagram of a bidirectional
channel.

Vica Veey

i ]
T1E=| |:JTZ

—

AD—!!—' ' OME-SHOT GENERATOR N l—-—lﬁ‘l’

P L u3

»—m—o(:]—-o{}

Ly

S T i

Figure 39. Simpilified Block Diogram of an
ADGII08/ADGIZ08-1 Chaninel

Tsxew, vaa
Difference between propagation delays on any two channels

when translating logic levels in the YA direction.

TrpskEw, vai

Difference in propagation delay between any one channel and
the same channel on a different part (under same driving/
loading conditions) when translating in the Y-3A direction.
Vees

Veea supply voltage.,

Wooy

Veoy supply voltage.

Loca

Veea supply current.

Loy

Veoy supply current.

Inau-za
Ve supply current during three-state mode (EN = 0).

Isau-zy
Veoy supply current during three-state mode (EN = 0).

INPUT DRIVING REQUIREMENTS

To ensure correct operation of the ADG3308/ADG3308-1,
the circuit that drives the input of the device should be able
to ensure risef/fall times of less than 3 ns when driving a

load consisting of a 6 k{2 resistor in parallel with the input
capacitance of the ADG3308/ADG3308-1 channel.

OUTPUT LOAD REQUIREMENTS

The ADG3308/ADG3308-1 level translators are designed to
drive CMOS-compatible loads. If current-driving capability
is required, it is recommended to use buffers between the
ADGI308/ADG3308-1 outputs and the load.

ENABLE OPERATION

The ADGI308/ADGI308-1 provide three-state operation at the
A L0 pins and the Y [/O pins by using the enable (EN) pin, as
shown in Table 4.

Table 4. Truth Table

EN Y I/O Pins A1/O Pins
0 High-2" High-Z'
1 Mormal operation” | Mormal operation®

' High impedance state.

? Im normal operation, the ADG3308/ADG3308-1 perform bevel translation.
When EN = 0, the ADG3308/ADG3308-1 enter into three-state
mode. In this mode, the current consumption from both the
Veoa and Vooy supplies is reduced, allowing the user to save
power, which is critical, especially in battery-operated systems.
The EN input pin can only be driven with Veor compatible logic
levels for the ADG3308, whereas the AIMG3308-1 can be driven
with either Vieca- or Vooy compatible logic levels.

POWER SUPPLIES

For proper operation of the device, the voltage applied to the
Vs must always be less than or equal to the voltage applied
to Vaey. To meet this condition, the recommended power-up
sequence is Veoy first and then Vs, The ADG3308/ADG3308-1
operate propetly only after both supply voltages reach their



The logic level translation in the A3Y direction is performed
using a level translator (U1) and an inverter (U2), whereas the
translation in the ¥-5A direction is performed using the U3
inverter and U4 inverter. The one-shot generator detects a rising
or falling edge present on either the A side or the Y side of the
channel. It sends a short pulse that turns on the PMOS transistors
(T1 and T2) for a rising edge, or the NMOS transistors (T3 and
T4) for a falling edge. This charges/discharges the capacitive load
faster, resulting in fast rise and fall times.

The inputs of the unused channels (A or Y) should be tied to
their corresponding Vee rail (Voo or Veer) or to GND.

DATA RATE

The maximum data rate at which the device is guaranteed to
operate is a function of the Vees and Veey supply voltage
combination and the load capacitance. It represents the maximum
frequency of a square wave that can be applied to the I/O pins,
ensuring that the device operates within the data sheet
specifications in terms of output voltage (Ve and Ven) and
power dissipation (the junction termperature does not exceed
the walue specified under the Absolute Maximum Ratings
section). Table 5 shows the guaranteed data rates at which the
ADG3308/ADG3308-1 can operate in both directions (A=Y
level translation or Y= A level translation) for various Vooa
and Veor supply combinations.

Table 5. Guaranteed Data Rates'

nominal values. It is not recommended to use the part in a system
where, during power-up, Voo may be greater than Veor due to
a significant increase in the current taken from the Veca supply.
For optimum performance, the Vees and Veey pins should be
decoupled to GND as close as possible to the device.

Veea

1.2V {1.15V1ie 1.3V)
1.8V(1.65Vtio 1.95V)
23V(23V1io 27V)
3I3VEOVIo36Y)
SVI(45Vio5aVY)

Vioy
1.8V (1.65V o 1.95V] 25V (2.3Vto 2.7V) 3.3V (3.0Vwo36V) 5Va5Vio55V)
25 Mbps 30 Mbps 40 Mbps 40 Mbps
45 Mbps 50 Mbps 50 Mbps
60 Mbps 50 Mbps
50 Mbps

! The load capacitance used is 50 pF when translating in the A+Y direction and 15 pF when translating in the Y+A direction.



APPLICATIONS

The ADG3308/ADG3308-1 are designed for digital circuits

that operate at different supply voltages; therefore, logic level
translation is required. The lower voltage logic signals are
connected to the A pins, and the higher voltage logic signals

to the Y pins. The ADG3308/ AIMG3308-1 can provide level
translation in both directions (A-+Y or Y=A) on all eight
channels, eliminating the need for a level translator 1C for

each direction. The internal architecture allows the ADG3308/
ADNG3308-1 to perform bidirectional level translation without
an additional signal to set the direction in which the translation
is made. It also allows simultaneous data flow in both directions
on the same part, for example, when two channels translate in the
A~+Y direction while the other two translate in the YA
direction. This simplifies the design by eliminating the timing
requirements for the direction signal and reduces the number of
1Cs used for level translation.

Figure 40 shows an application where a 3.3 V microprocessor
can read or write data to and from a 1.8 V peripheral device
using an 8-bit bus.

Figure 40. 1.8 VV to 3.3 V' 8-Bit Level Translation Circuit

When the application requires level translation between

a microprocessor and multiple peripheral devices, the
ADGIZ08/ADGI308-1 1/O pins can be three-stated by setting
EN = 0. This feature allows the ADG3308/ADG3308-1 to share
the data buses with other devices without cansing contention
issues. Figure 41 shows an application where a 3.3 V micro-
processor is connected to 1.8 V peripheral devices using the
three-state feature.
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Figure 41. 1.8 V to 3.3 V Level Translation Circuit
Using the Three-5tate Feature

LAYOUT GUIDELINES

As with any high speed digital IC, the printed circuit board
layout is important in the overall performance of the circuit. Care
should be taken to ensure proper power supply bypass and
return paths for the high speed signals. Each Vee pin (Ve and
Veoy) should be bypassed using low effective series resistance
(ESR) and effective series inductance (ESI) capacitors placed as
close as possible to the Voo, and Vooy pins. The parasitic indue-
tance of the high speed signal track can canse significant overshoot.
This effect can be reduced by keeping the length of the tracks as
short as possible. A solid copper plane for the return path

(GNI) is also recommended.



