Integrated
Circuit
Systems, Inc.

1ICS85401
2:1
DiFFERENTIAL-TO-LVDS MuLTIPLEXER

GENERAL DESCRIPTION

. The ICS85401 is a high performance 2:1 Differ-
E ential-to-LVDS Multiplexer and a member of the
E HiPerClockS™family of High Performance Clock
E Solutions from ICS. The ICS85401 can also per-
form differential translation because the differ-
ential inputs accept LVPECL, CML as well as LVDS levels.
The 1CS85401 is packaged in a small 3mm x 3mm
16 VFQFN package, making it ideal for use on space con-
strained boards.
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FEATURES
e 2:1LVDS MUX

e 1LVDS output
o 2 differential clock inputs can accept: LVPECL, LVDS, CML
e Maximum input/output frequency: >2.5GHz

Translates LVCMOS/LVTTL input signals to LVDS levels by
using a resistor bias network on nCLKO, nCLK1

e Propagation delay: 460ps (maximum)

e Part-to-part skew: 100ps (maximum)

3.3V operating supply

e -40°C to 85°C ambient operating temperature
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DIFFERENTIAL-TO-LVDS MULTIPLEXER

TasLE 1. PiIN DEScRIPTIONS

Number Name Type Description
1 CLKO Input Pulldown | Non-inverting differential clock input.
2 nCLKO Input leljlgl;s\:n Inverting differential clock input. V /2 default when left floating.
3 CLK1 Input Pulldown | Non-inverting differential clock input.
4 nCLK1 Input PZ“Icling)\fn Inverting differential clock input. V /2 default when left floating.
5,7,16 nc Unused Unused pins.
Clock select input. When HIGH, selects CLK1, nCLK1 inputs.
6 CLK_SEL Input Pulldown | When LOW, selects CLKO, nCLKO inpults.
LVCMOS / LVTTL interface levels.
8,13 Voo Power Positive supply pins.
9,12, 14, 15 GND Power Power supply ground.
10, 11 nQ, Q Output Differential output pair. LVDS"interface levels.

NOTE: Pullup and Pulldown refer to internal input resistors. See Table 2, Pin.Characieristics, for typical values.

TaBLE 2. PIN CHARACTERISTICS

Symbol | Parameter Test Conditions Minimum Typical | Maximum | Units
Cy Input Capacitance 1 pF
Rouiiue Input Pullup Resistor 37 kQ
Rouioown | INPUt Pulldown Resistor 37 kQ

TasLE 3. ConTROL INPUT FuncTiON TABLE

Input Clock Out
CLK_SEL CLK
0 CLKO, nCLKO
CLK1, nCLK1
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ABsoLuTE Maximum RATINGS

Supply Voltage, V,,

Inputs, V,

Outputs, I
Continuous Current
Surge Current

Package Thermal Impedance
Storage Temperature, T,

? 'STG

4.6V

-0.5VtoV,,+0.5V

10mA
15mA

0, 51.5°C/W (0 Ifpm)
-65°C to 150°C

? YJA

NOTE: Stresses beyond those listed under Absolute
Maximum Ratings may cause permanent damage to the
device. These ratings are stress specifications only. Functional
operation of product at these conditions or any conditions be-
yond those listed in the DC Characteristics or AC Character-
istics is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect product reliability.

TasLe 4A. Power SuppLy DC CHARACTERISTICS, V= 3.3V + 5%, Ta = -40°C 10 85°C
Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
Voo Positive Supply Voltage 3.135 3.3 3.465 \Y
loo Power Supply Current 40 mA
TasLe 4B. LVCMOS / LVTTL DC CHARACTERISTICS, V,, = 8.3V + 5%, Ta = -40°C 70 85°C
Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
Vi, Input High Voltage | CLK_SEL 2 Vi, + 0.3 \Y
vV, Input Low Voltage | CLK "SEL -0.3 0.8 \Y
I Input High Current” | CLK_SEL Vo =V, = 3.465V 150 pA
I Input Low Current | CLK"SEL Vo, = 3.465V, V =0V -150 pA
NOTE: Outputs terminated with 50Q to V /2. See Parameter Measurement Information, "Output Load Test Circuit".
TasLe 4C. DiFrerenTiAL DC CHARACTERISTICS, V| = 3.3V + 5%, Ta = -40°C 70 85°C
Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
CLKO, CLK1 V,, =V, =3.465V 150 pA
Iy Input High Current
nCLKO, nCLK1 Vo =V, = 3.465V 150 pA
CLKO, CLK1 V,,=3.465V,V =0V -150 pA
I Input Low Current
nCLKO, nCLK1 V,, =3.465V,V =0V -150 pA
Ve Peak-to-Peak Input Voltage 0.15 0.8 1.2 \Y
Voun Common Mode Input Voltage; NOTE 1, 2 1.2 Voo

NOTE 1: Common mode input voltage is defined as V..
NOTE 2: For single ended applications, the maximum input voltage for CLKx, nCLKx is V, + 0.3V.
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TasLE 4D. LVDS DC CHARACTERISTICS, V= 3.3V5%, Ta = -40°C 70 85°C

Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
Voo Differential Output Voltage 200 350 500 mV
AV, V,, Magnitude Change 50 mV
Vs Offset Voltage 1.05 1.15 1.25 \Y
AV Vs Magnitude Change 50 mV

TasLE 5. AC CHARACTERISTICS, V,, = 3.3V+5%, Ta = -40°C 10 85°C

Symbol | Parameter Test Conditions Minimum | Typical [ Maximum | Units
fiuax Output Frequency >2.5 GHz
too Propagation Delay; NOTE 1 260 360 460 ps
tsk(pp) | Part-to-Part Skew; NOTE 2, 3 100 ps
t /. Output Rise/Fall Time 20% to 80% 1286 160 200 ps
odc Output Duty Cycle 49 51 %
MUX Isolation -55 dB

All parameters measured at < 1GHz unless otherwise noted.

NOTE 1: Measured from the differential input cressing point to the differential output crossing point.

NOTE 2: Defined as skew between outputs-on different devices operating at the same supply voltages and
with equal load conditions. Using the same type-of inputs on each device, the outputs are measured

at the differential cross points.

NOTE 3: This parameter is defined in accordance with JEDEC Standard 65.
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PARAMETER MEASUREMENT INFORMATION
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APPLICATION INFORMATION

WIRING THE DIFFERENTIAL INPUT TO AccePT SINGLE ENDED LEVELS

Figure 1shows how the differential input can be wired to accept
single ended levels. The reference voltage V_REF =V /2 is
generated by the bias resistors R1, R2 and C1. This bias circuit
should be located as close as possible to the input pin. The ratio

of R1 and R2 might need to be adjusted to position the V_REF in
the center of the input voltage swing. For example, if the input
clock swing is only 2.5V and V, = 3.3V, V_REF should be 1.25V
and R2/R1 =0.609.

Single Ended Clock Input

VDD

R1

V_REF

CLKx

Cl _ |
0.1uT1~

R2

Ficure 1.

SINGLE ENDED SiGNAL DRiviNG DiFFereNTIAL INPUT

3.3V LVDS DRIVER TERMINATION

A general LVDS interface is shown in Figure 2. In a 100Q differ-
ential transmission line environment, LVDS drivers require a
matched load termination of 100€2 across near the receiver in-

put. For a multiple LVDS outputs buffer, if only partial outputs
are used, itis recommended to terminate the un-used outputs.

3.3V

LVDS_Driver
O /

3.3V

— )

R1
100

= 100Q Differential Transmission Line

Ficure 2. TypicaL LVDS DRivER TERMINATION
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DiFrerenTIAL CLock INPUT INTERFACE

The CLK/nCLK accepts LVDS, LVPECL, LVHSTL, SSTL, HCSL
and other differential signals. Both Vs @and V,, must meet the
Ve and Vg, input requirements. Figures 3A to 3E show inter-
face examples for the HiPerClockS CLK/nCLK input driven by
the most common driver types. The input interfaces suggested

here are examples only. Please consult with the vendor of the
driver component to confirm the driver termination requirements.
For example in Figure 3A, the input termination applies for ICS
HiPerClockS LVHSTL drivers. If you are using an LVHSTL driver
from another vendor, use their termination recommendation.

1.8V

Zo =50 Ohm

CLK

Zo =50 Ohm

NCLK” HiperClocks
LVHSTL Input

— ICS
HiPerClockS
LVHSTL Driver

R1 R2
50 50 =

-I||—’\/\/‘

Ficure 3A. HIPERCLockS CLK/nCLK INPuT DRIVEN BY

ICS HIPERCLOCKS LVHSTL DrRivEr

3.3V

CLK

NCLEHiperClocks
Input

LVPECL

= R1 R2
50 50 =

R3
50

Ficure 3B. HIPERCLockS CLK/nCLK INpuT DRIVEN BY
3.3V LVPECL Driver

3.3V

3.3V
3.3V
R3 R4
125 125
Zo =50 Ohm

Zo =50 Ohm

HiPerClockS
Input

LVPECL

= R1 R2
84 84 =

Ficure 3C. HIPERCLockS CLK/nCLK INPuT DRIVEN BY
3.3V LVPECL Driver

3.3V

33V
33V T
R3 R4
125 ¢ 125
LVPECL Z0 =50 Ohm C1
% CLK
Z0 = 50 Ohm CZ
Iy NCLK HiperClocks
Input

= RS R6 Rt <{ R2 1
100-200 ¢ 100-200 84 O 84 =

R5,R6 locate near the driver pin.

Ficure 3E. HIPERCLockS CLK/NCLK INPuT DRIVEN BY
3.3V LVPECL Driver witH AC CoupPLE

3.3V Zo =50 Ohm
LVDS_Driver CLK
R1
100
nCLK Receiver
Zo =50 Ohm

Ficure 3D. HIPERCLockS CLK/nCLK InpuT DRIVEN BY
3.3V LVDS DRivEr
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APPLICATION SCHEMATIC EXAMPLE

Figure 4 shows an example of ICS85401 application sche- decoupling capacitor should be located as close as possible
matic. This device can accept different types of input signal.  to the power pin.

In this example, the input is driven by a LVDS driver. The
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0.1u I
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—
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R4 c2
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Ficure 4. 1CS85401 APPLICATION ScHEMATIC EXAMPLE

RELIABILITY INFORMATION

TaBLE 6. GJAvs. AR FLow TaBLE For 16 Leap VFQFN

6,, by Velocity (Linear Feet per Minute)

0
Multi-Layer PCB, JEDEC Standard Test Boards 51.5°C/W

TRrRANSISTOR COUNT
The transistor count for ICS85401 is: 132
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Packace OuTLINE - K SurFix For 16 LEap VFQFN

Seating Plane (Ref.)
(Np-1)x [&] Np & N
A > Pret) [* _Jeven
Index Area
L
N ; HieAs § A7|N (Typ.)
1 =% ] ¢U Uju @ 21 Np & Ne
2 7 Anvil 4 11 | are Even
N Singulation 1 | +
7 o JQ v L S (Ng -1)xE&
E2 = d ¥ Red)
Top View ) ) N &
Singulation \ f b
mag N
g e <+ LThermal
o D Base
«—D}— —> A Np &N 7| 2B (e
Odd
o +— D2 —p
'—-C
~— 0.08
TaBLE 7. PackaGE DIMENSIONS
JEDEC VARIATION
ALL DIMENSIONS IN MILLIMETERS
SYMBOL MINIMUM MAXIMUM
N 16
A 0.80 1.0
A1 0 0.05
A3 0.25 Reference
b 0.18 0.30
e 0.50 BASIC
N, 4
N_ 4
D 3.0
D2 0.25 1.25
E 3.0
E2 0.25 1.25
L 0.30 0.50

Reference Document: JEDEC Publication 95, MO-220
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TaBLE 8. ORDERING INFORMATION

Part/Order Number Marking Package Shipping Packaging Temperature
ICS85401AK 401A 16 Lead VFQFN Tray -40°C to 85°C
ICS85401AKT 401A 16 Lead VFQFN 2500 Tape & Reel -40°C to 85°C

The aforementioned trademark, HiPerClockS™ is a trademark of Integrated Circuit Systems, Inc. or its subsidiaries in the United States and/or other countries.

While the information presented herein has been checked for both accuracy and reliability, Integrated Circuit Systems, Incorporated (ICS) assumes no responsibility for either its use
or for infringement of any patents or other rights of third parties, which would result from its use. No other circuits, patents, or licenses are implied. This product is intended for use
in normal commercial and industrial applications. Any other applications such as those requiring high reliability or other extraordinary environmental requirements are not
recommended without additional processing by ICS. ICS reserves the right to change any circuitry or specifications without notice. ICS does not authorize or warrant any ICS product
for use in life support devices or critical medical instruments.
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REVISION HISTORY SHEET
Rev Table Page Description of Change Date
A 8 Add Schematic Layout. 8/23/04
A T8 10 Corrected count in Ordering Information Table 11/17/04
A 1 Pin Assignment - corrected label on pin 2. 2/22/05
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