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Supports SSTL_18 Signaling Levels ® |Internal 400- Q Pulldown Resistors

Suitable for DDR-II Applications ® | ow Differential and Rising/Falling Edge
D-Port Outputs Are Precharged by Bias Skew

Voltage (V gjas) ® | atch-Up Performance Exceeds 100 mA Per
Internal Termination for Control Inputs JESD 78, Class Il

High Bandwidth (334 MHz Min) ® ESD Performance Tested Per JESD 22

— 2000-V Human-Body Model
(A114-B, Class Il)
— 1000-V Charged-Device Model (C101)

Low and Flat ON-State Resistance (I gp)
Characteristics, (I on =17 Q Max)

description/ordering information

The SN74CBTU4411 is a high-bandwidth, SSTL_18 compatible FET multiplexer/demultiplexer with low
ON-state resistance (rgpn). The device utilizes an internal charge pump to elevate the gate voltage of the pass
transistor, providing a low and flat ry. The low and flat rgp, allows for minimal propagation delay and supports
rail-to-rail signaling on data input/output (1/0O) ports. The device also features very low data I/O capacitance to
minimize capacitive loading and signal distortion on the data bus. Matched ry, and 1/0O capacitance among
channels results in extremely low differential and rising/falling edge skew. This allows the device to show optimal
performance in DDR-II applications.

The device is organized as an 11-bit 1-of-4 multiplexer/demultiplexer with a single switch-enable (EN) input.
When EN is low, the switch is enabled and the H port is connected to one of the D ports. Ports DO to D9 for the
disabled channels are connected to Vg|ag through a 400 Q resistor. DQS_EN determines the output voltage
for the disabled D10 ports. When DQS_EN is low, this voltage is Vgjas. When DQS_EN is high, the disabled
D10 ports are connected to an internal voltage (Vg|as_pgs) source, which is approximately equal to 0.7 Vpp.

When EN is high, all the channels are disabled. Ports DO to D9 are connected to Vgjas. For the D10 port, the
disabled output voltage is determined by the DQS_EN input. When DQS_EN is low, this voltage is Vgjas- When
DQS_EN is high, this voltage is Vpp.

The select (S0, S1) inputs control the data path of each multiplexer/demultiplexer. The EN and TC inputs
determine the internal termination for SO and S1 inputs. When EN is low, the termination is determined by the
TC input. When both EN and TC are low, termination resistors are disconnected from the S inputs. When EN
is low and TC is high, both pullup and pulldown resistors are connected to the S inputs. When EN is high, only
the pulldown termination resistors are connected to the S inputs, regardless of the voltage level at the TC input.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
t
A PACKAGE PART NUMBER MARKING
0°C to 85°C LFBGA - GST | Tape and reel SN74CBTU4411GSTR CTuU4411

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION “DATA information is current as of publication date.
Products cenform to specifications per the terms of Texas Instruments

Copyright © 2005, Texas Instruments Incorporated
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GST PACKAGE

(TOP VIEW)
1 2 3 4 5 6 7 8 9 101
N
Al CCCCCOCCCCOCO
Bl CCCCCCCCCCO
c| CC cC
p| CC cC
el CC cC
Fl CC SX®)
c| CC cC
H] CC OS]
il ©C XD
K| CCCCOCCCCCeo
Ll CCCOoCCCOCoCcooeco
. /
terminal assignments
1 2 3 4 5 6 7 8 9 10 11
A s1 DQS_EN [ Vpp 0D0 1D0 2D0 1D1 2D1 3D1 0D2 1D2
B TC S0 VDD GND HO 3D0 oD1 H1 GND H2 2D2
c | VRer EN 0D3 3D2
D | Veias GND H3 1D3
E | 2p10 3D10 2D3 3D3
F | 1D10 H10 GND 0D4
G | opio GND H4 1D4
H 3D9 2D9 2D4 3D4
J 1D9 H9 1D5 0D5
K 0D9 GND H8 0D8 H7 0D7 GND Heé 0D6 H5 2D5
L 308 2D8 1D8 3D7 2D7 1D7 3D6 2D6 1D6 VDD 3D5
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FUNCTION TABLES

INPUTS

INPUT/OQUTPUT

EN

DQS_EN

S1

SO

Hn

FUNCTION

L

L

L

0Dn

Hn = 0Dn

1Dn, 2Dn, 3Dn connected to VBIAS

1Dn

Hn = 1Dn

0Dn, 2Dn, 3Dn connected to VB|AS

Hn =2Dn
0Dn, 1Dn, 3Dn connected to VB|AS

Hn =3Dn
0Dn, 1Dn, 2Dn connected to VB|AS

HO-H9 = 0D0-0D9
1D0-1D9, 2D0-2D9, 3D0-3D9 connected to VBIAS
H10 = 0D10
1D10, 2D10, 3D10 connected to VB|AS DQSJr

HO-H9 = 1D0-1D9
0D0-0D9, 2D0-2D9, 3D0-3D9 connected to VB|AS
H10 =1D10
0D10, 2D10, 3D10 connected to Vgjas pOs'

HO-H9 = 2D0-2D9
0D0-0D9, 1D0-1D9, 3D0-3D9 connected to VB|AS
H10 = 2D10
0D10, 1D10, 3D10 connected to Vg|aS DQSJr
HO-H9 = 3D0-3D9
0D0-0D9, 1D0-1D9, 2D0-2D9 connected to VB|AS
H10 = 3D10
0D10, 1D10, 2D10 connected to VB|AS DQST

0Dn, 1Dn, 2Dn, 3Dn connected to VB|AS

0D0-0D9, 1D0-1D9, 2D0-2D9, 3D0-3D9 connected to VB|AS
0D10, 1D10, 2D10, 3D10 connected to Vpp

L L H L 2Dn

L L H H 3Dn

L H L L 0Dn

L H L H 1Dn

L H H L 2Dn

L H H H 3Dn

H L X X 4

H H X X Z

TVBIAS_DQs is an internal voltage condition.

INPUTS
— FUNCTION
EN TC
L L Termination resistors disconnected from S inputs
L H Termination resistors connected with S inputs
Pulldown termination resistor connected and pullup
H X L . . h
termination resistor disconnected from the S inputs
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logic diagram (positive logic)
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| w2t
w2 Ny =
DQS_EN I/

Ty +ron (M1), rp + rop, (M2) = 160 Q Typical.
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simplified schematic, each FET switch (SW1)

r 1
HT —p |—0Dn*
| VDD |
I I
| 1 38 |
| Charge |
| Pump |
| m3s |
I I
I I
I I
I —_—
ENT VBIAS
t Applicable for ports HO through H9
* Applicable for ports DO through D9
§ r3 + ron (M3) = 400 Q Typical.
TEN is the internal enable signal applied to the switch.
simplified schematic, each FET switch (SW2)
r---—-—----""-"-"-"-"-""""""""""""F""—"F""7""""""7""—"""7""7""7"—" |
! y !
| T |
I EN_DQS1# 4# M4l I
I I
I I
| r4|| I
I I
H10 —} |
I VDD J_L I
| — VBIAS_DQS | D10
| L . |
| Charge rsx 6 |
| Pump " |
| Msx  Meo _|[—— EN_DQs2# |
I I
I = I
I I
e e e J

EN1# EN2¥# VBIAS

#EN_DQS1, EN_DQS2, EN1, and EN2 are the internal enable signals applied to the switch.
[I'r4 +ron (M4) = 1 kQ Typical.

15 + rop (M5) = 400 Q Typical.

Yrg + ron (M6) = 2.3 kQ Typical.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply VOIRAGE raNGE, VDD - -+t e vt vttt et e et -0.5Vto25V
Control input voltage range, V| (see Notesland 2) ............ ... ... iiiiiia.... -05Vto25V
Switch 1/O voltage range, Vg (See Notes 1,2, and 3) ............. ... coiiiii.... -0.5Vto25V
Control input clamp current, |k (VIN<OOr VN >0) oo 150 mA
I/0 port clamp current, ljjok (Vijo <0 0rVyo>0) ..o 50 mA
ON-state switch current, ljjo (SE€ NOtE 4) . ... e +100 mA
Continuous current through Vpp or GND terminals . ....... ... ... .. ... +100 mA
Package thermal impedance, 63 (see Note 5) . ... TBD°C/W
Storage temperature range, Tggg . .-« c .o v et —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltages are with respect to ground, unless otherwise specified.

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

V| and Vg are used to denote specific conditions for V|o.

I} and Ip are used to denote specific conditions for 1}/0.

The package thermal impedance is calculated in accordance with JESD 51-7.

ok w

recommended operating conditions (see Note 6)

MIN TYP MAX UNIT
VDD Supply voltage 1.7 1.8 1.9 \%
VREE Reference supply voltage 0.49 Vpp 0.5Vpp 0.51Vpp \Y
VBIAS BIAS supply voltage 0 0.3Vpp 0.33Vpp \Y
High-level control input voltage (S) VREE +250 mV
ViH High-level control input voltage (EN, TC, DQS_EN) 0.65 Vpp v
Low-level control input voltage (S) VREE —250 mV
ViL Low-level control input voltage (EN, TC, DQS_EN) 0.35Vpp v
Vijo Data input/output voltage 0 VDD \Y
TA Operating free-air temperature 0 85 °C

NOTE 6: All unused control inputs of the device must be held at Vpp or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

Tpo=70°C TA=0°CTO85°C
PARAMETER TEST CONDITIONS UNIT
MIN  MAX [ MIN Typt MAX
Control
vkt inputs8 | VDD =17V, N = -18 mA -1.8 Y
VBIAS DOS | D10 Vpp =17V, DQS_EN =Vpp 1.1 1.275 Y,
VOH D10 \égg :E}\il\(’/oo EN = Vpp, 1o = 100 pA 16 1.8 Vv
Control
IIN inputs§ Vpp =19V, VIN = Vpp or GND +1 uA
Vo=0t01.9V, Switch OFF
il = (o) ) ) .
loz Vpp=19V, V=0, VBIAS open +10 A
Vpp =19V, lyjo =0, )
TC = GND, S0, S1= V| or E;NS,CJ,LON 0.7 25| mA
Icc EN = GND, VL
EN=Vpp 500 A
- o =0,
Vpp =19V, . -
SO0 or S1 input switching at 4+
lccp TC =GND, 0 0.5 | mA/MHz
EN = GND, 50% duty cycle, Data I/O are
open
Vpp =19V, EN = GND,
Sport | 1c = GND, V|N = VREF * 250 mV 25 35| PR
Cin EN, TC,
DQS_EN [Vpp =19V, ViIN=00r19V 25 pF
inputs
= +
Cio(OFF) | H port g.léov 0-5Vpp * Switch OFF, VBIAS open 2.5 pF
Vijo=05Vpp* . . Y% =
Cio(ON) 0_|4/10V, PD= " switch ON, Gl%llés 4.6 pF
Vpp =17V, _
ronll V= 0.5Vpp 05V, Io =10 mA 6 10 17 Q
Vpp =17V, V|=0.5Vpp £0.25V 15 3
Aron (flatyx DQS_EN=Vpp,
lo =10 mA V|=05Vpp+05V 25 5
fterm S port Vpp =17V 110 160 210
D0-D10 DQS_EN = GND 280 400 520
'pulld Vpp =17V — Q
pUldown - 1'h10 DQS_EN = Vpp, EN = GND 1600 2300 3000
rpullup D10 Vpp =17V, DQS_EN = Vpp, EN = GND 700 1000 1300 Q

VN and I refer to control inputs. V|, Vo, |}, and Ig refer to data pins.

Wy typical values are at Vpp = 1.8 V (unless otherwise noted), Ta = 25°C.

t V| refers to the clamp voltage due to the internal diode, which is connected from each control input to GND.

8§ For the leakage current test on SO and S1, EN and TC inputs are set to low.

f'For 110 ports, the parameter Ig7 includes the input leakage current. Iz applies only to the H port.

#The frequency of SO and S1 inputs, for example, for a data I/O rate of 533 Mbit/s, with a burst of 4, the required frequency is for SO or S1 input
is = 66 MHz (533/8). The total Icc due to switching SO, S1 will be approximately 27 mA (66 MHz x 0.4 mA/MHz).

Il Measured by the voltage drop between the D and H terminals at the indicated current through the switch. ON-state resistance is determined by
the lower of the voltages of the two (D or H) terminals.

* Argn(flat) is the difference of maximum rgpy and minimum rgp, for a specific channel in a specific device.

*5‘ TEXAS
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switching characteristics over recommended operating free-air temperature range (unless
otherwise noted) (see Figures 1 and 2)

PARAMETER FROM o AT IAZ0TTO8 T UNIT
(INPUT) (OUTPUT) MIN  MAX [ MIN TYP MAX
D or H port 334
f MHz
max S portt 84
thd HorD DorH 297 ps
ten (tpzL, tpzH)* S D 750 2100 | ps
tgis (tPLz, tPHZ)T S D 750 2100 ps
tosk 85( ps
tesk 40 ps
tstart® 20 Hs
TEN = GND, TC = GND
VB|as = open

8 tgiart is the time required for the charge-pump circuit output voltage to reach a steady state value after Vpp is applied.
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PARAMETER MEASUREMENT INFORMATION
(Enable and Disable Times)

VDD
Z0=40Q T
o) VIN
./
V 50 Q
. @ TEST CIRCUIT
= = DUT
+ O Vpp
Zo=40Q Zo=40Q
o— Vi _%: Vo RL Tl/ O 2xVpp
— GND
Va2 120 Q CL RL
(see Note A)
TEST VDD Tt RL V| cL VA
tpLz/tpzL | 1.8V+0.1V | 2xVpp 1kQ GND 6pF |0.125V
tpHZ/tpzH | 1.8V +0.1V GND 1kQ VDD 6 pF 0.125V
Output VREF+0.25 V
Control
Vin) VREF VREF
VREg -0.25V

(see Note B) | \

|
tpzl —¥ }4— —» ‘\l—tPLz

Output \ \ \ Vv
Waveform 1 (V Q) | OH
Titat2 x vpp |
(see Note C) \ ———— VoL
\ \
tzh 4= je—tpyz
Output | ‘ — — —— VoH
Waveform 2 (V Q) VOH - VA
T1t at GND 0.5VpDp
(see Note C) VoL
VOLTAGE WAVEFORMS

ENABLE AND DISABLE TIMES
tT1is an external terminal.

NOTES: A. Ci includes probe and jig capacitance.

B. Output control applies to select (SO, S1) inputs.

C. Waveform 1 is for an output with internal conditions such that the output is low, except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high, except when disabled by the output control.
All input pulses are supplied by generators having the following characteristics: Zgg = 50 Q,rising and falling edge rate is 1 V/ns.
The outputs are measured one at a time, with one transition per measurement.
tpLz and tpHz are the same as tyjs.
tpzL and tpzH are the same as tep.

@mmo

Figure 1. Test Circuit and Voltage Waveforms

{5‘ TEXAS
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PARAMETER MEASUREMENT INFORMATION
(Skew and Propagation Delay Times)

VbD
Z20=400 v T
P IN
v -
V 50 Q
Gl TEST CIRCUIT
= = DUT
O VpDp
Zpo=40Q 02xV
\ x VDD
— GND
VG2 120Q l
TEST VDD T1t RL V| CL
tpd 1.8v+0.1V VDD 150 Q |see Waveform 6 pF
tosk 18V+01V VbD 150 Q@ |see Waveform | 6 pF
tesk 1.8V+0.1V VDD 150 Q |see Waveform 6 pF
TT1 is an external terminal.
VREF
Input +0.35V
(H or D) v
REF v
REF
:/0.35 Vo eee—— +0.35V
OH Input 50% SY;SO%
O(gt?nt:tl-il) X 0% X >0% H OrpD) VREF
| VoL | | -0.35V
P — Skew tPLH —4‘—“‘ “—“—‘ tPHL
| VoH | ——— VoH
Output 2 X >< Output 50% 50%
DorH
(DorH) VoL (DorH) VoL
SKEW BETWEEN ANY TWO OUTPUTS VOLTAGE WAVEFORMS
(tosk) (see Note B) (tesk and tpd) (see Note C)
NOTES: A. Cp includes probe and jig capacitance.

. tosk is the difference in output voltage from channel to channel in a specific device.

. Allinput pulses are supplied by generators having the following characteristics: Zog = 50 Q,rising and falling edge rate is 1 V/ns.
. The outputs are measured one at a time, with one transition per measurement.

A
B
C. tpLH and tpy|_ are the same as tpg and tesk = [tpLH ~ tPHL
D
E

Figure 2. Test Circuit and Voltage Waveforms
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NOTES: A, All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. JEDEC MO-225 registration is pending.

D

. This package is lead—free. Refer to the 72 GST package (drawing 4206043) for tin—lead (SnPb).
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PACKAGING INFORMATION

Orderable Device Status @ Package Package Pins Package Eco Plan @ |ead/Ball Finish MSL Peak Temp ®
Type Drawing Qty
SN74CBTU4411GSTR PREVIEW BGA GST 72 2000 TBD Call Tl Call Tl
SN74CBTU4411ZSTR ACTIVE BGA ZST 72 2000 Pb-Free SNAGCU Level-3-260C-168 HR
(RoHS)

O The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS) or Green (RoHS & no Shb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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MECHANICAL DATA
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NOTES:

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
JEDEC MO-225 registration is pending.

This package is tin—lead (SnPb). Refer to the 72 ZST package (drawing 4206044) for lead—free.
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NOTES: All linear dimensions are in millimeters.

JEDEC MO-225 registration is pending.

A

B. This drawing is subject to change without notice.

C

D. This package is lead—free. Refer to the 72 GST package (drawing 4206043) for tin—lead (SnPb).

{? TEXAS
INSTRUMENTS

www.ti.com



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from TI to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of TI products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
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