PRELIMINARY

700MHZ, CRYTAL OSCILLATOR-TO-LVDS

FREQUENCY SYNTHESIZER

GENERAL DESCRIPTION

. . The 1CS84421-90 is a general purpose, dual output
IS E Crystal-to-Differential LVDS High Frequency Synthe-
SSBLESE sizer and a member of the HiPerClock S™ family of
E High Performance Clock Solutions from IDT. The
ICS84421-90 has a selectable REF_CLK or crystal
input. The REF_CLK input accepts LVCMOS or LVTTL input
levels and translates them to LVDS levels. The VCO operates
at a frequency range of 250MHz to 700MHz. The VCO frequency
is programmed in steps equal to the value of the input refer-
ence or crystal frequency. The VCO and output frequency can
be programmed using the serial or parallel interface to the con-
figuration logic. The low phase noise characteristics of the
1CS84421-90 makes it an ideal clock source for Gigabit Ethernet
and Sonet applications.

BLock DiIAGRAM

1CS84421-90

FEATURES

e Dual differential LVDS outputs
FOUT1/nFOUT1 lags FOUTO/nFOUTO by 90°

o Selectable crystal oscillator interface or
LVCMOS/LVTTL REF_CLK

e Qutput frequency range: 31.25MHz to 700MHz
e Crystal input frequency range: 10MHz to 25MHz
e VCO range: 250MHz to 700MHz

o Parallel or serial interface for programming counter
and output dividers

o RMS period jitter: 3.5ps (typical)

o Cycle-to-cycle jitter: 18ps (typical)

e 3.3V supply voltage

e -40°C to 85°C ambient operating temperature

¢ Available in both standard (RoHS 5) and lead-free (RoHS 6)
packages
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The Preliminary Information presented herein represents a product in pre-production. The noted characteristics are based on initial product characterization
and/or qualification. Integrated Device Technology, Incorporated (IDT) reserves the right to change any circuitry or specifications without notice.
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CRYSTAL OSCILLATOR-TO-LVDS FREQUENCY SYNTHESIZER

PRELIMINARY

FuncTioNAL DESCRIPTION

NOTE: The functional description that follows describes opera-
tion using a 25MHz crystal. Valid PLL loop divider values for
different crystal or input frequencies are defined in the Input
Frequency Characteristics, Table 5, NOTE 1.

The 1CS84421-90 features a fully integrated PLL and therefore
requires no external components for setting the loop bandwidth.
A fundamental crystal is used as the input to the on-chip oscil-
lator. The output of the oscillator is fed into the phase detector.
A 25MHz crystal provides a 25MHz phase detector reference
frequency. The VCO of the PLL operates over a range of
250MHz to 700MHz. The output of the M divider is also applied
to the phase detector.

The phase detector and the M divider force the VCO output fre-
quency to be M times the reference frequency by adjusting the VCO
control voltage. Note that for some values of M (either too high or
too low), the PLL will not achieve lock. The output of the VCO is
scaled by a divider prior to being sent to each of the
LVDS output buffers. The divider provides a 50% output duty cycle.

The programmable features of the 1CS84421-90 support two
input modes to program the M divider and N output divider.
The two input operational modes are parallel and serial. Figure
1 shows the timing diagram for each mode. In parallel mode,
the nP_LOAD input is initially LOW. The data on inputs MO
through M8 and NO and N1 is passed directly to the M divider
and N output divider. On the LOW-to-HIGH transition of the
nP_LOAD input, the data is latched and the M divider remains
loaded until the next LOW transition on nP_LOAD or until a
serial event occurs. As a result, the M and N bits can be
hardwired to set the M divider and N output divider to a spe-

cific default state that will automatically occur during power-
up. The TEST output is LOW when operating in the parallel
input mode. The relationship between the VCO frequency, the
crystal frequency and the M divider is defined as follows:

fVCO = fxtal x M

The M value and the required values of MO through M8 are
shown in Table 3B, Programmable VCO Frequency Function
Table. Valid M values for which the PLL will achieve lock for a
25MHz reference are defined as 10 < M < 28. The frequency
out is defined as follows:

FOUT = fVCO = fxtal x M

N N

Serial operation occurs when nP_LOAD is HIGH and S_LOAD
is LOW. The shift register is loaded by sampling the S_DATA
bits with the rising edge of S_CLOCK. The contents of the shift
register are loaded into the M divider and N output divider when
S_LOAD transitions from LOW-to-HIGH. The M divide and N
output divide values are latched on the HIGH-to-LOW transi-
tion of S_LOAD. If S_LOAD is held HIGH, data at the S_DATA
input is passed directly to the M divider and N output divider on
each rising edge of S_CLOCK. The serial mode can be used to
program the M and N bits and test bits T1 and TO. The internal
registers TO and T1 determine the state of the TEST output as
follows:

T1 TO TEST Output

0 o LOW

o 1 S_Data, Shift Register Input
1 0 Output of M divider

1 1 CMOS FOUT

SERIAL LOADING

S_CLOCK \

AVAVAVAVAVAVAVAVAVAVAVAVAV N

S_DATA

It Itl
18! H

S_LOAD \

XTf1 (S0 I (0 (D 0 (0 ) 0 2 D szmxn?ox

nP_LOAD /

PARALLEL LOADING

MO0:M8, NO:N1

nP_LOAD

—

e =
— — TS0

SfLOAD_\

Time — >
Ficure 1. PaARALLEL & SEeRIAL LoaD OPERATIONS

*NOTE: The NULL timing slot must be observed.
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1ICS84421-90

CRYSTAL OSCILLATOR-TO-LVDS FREQUENCY SYNTHESIZER

TasLE 1. PiN DESCRIPTIONS

Number Name Type Description
1 M5 Input Pullup
2,3, 4, M6, M7, M8, M divider inputs. Data latched on LOW-to-HIGH transistion
28, 29, MO, M1, Input | Pulldown | of nP_LOAD input. LVCMOS / LVTTL interface levels.
30, 31, 32 M2, M3, M4
Determines output divider value as defined in Table 3C
56 NO, N1 Input | Pulldown | £ ction Table. LVGMOS / LVTTL interface levels.
7 nc Unused No connect.
8, 16 GND Power Power supply ground.
9 TEST Output Tgst output vyhlch is ACTIVE in the serial mode Qf operation. Output
driven LOW in parallel mode. LVCMOS / LVTTL interface levels.
10, 13 Voo Power Core supply pins.
11,12 FOUT1, nFOUT1 | Output D|ffere_nt|al output for the synthesizer. Lags FOUTO/nFOUTO by 90°.
LVDS interface levels.
14,15 FOUTO, nFOUTO | Output Differential output for the synthesizer. LVDS interface levels.
Active High Master Reset. When logic HIGH, the internal dividers
are reset causing the true outputs FOUTx to go low and the inverted
17 MR Input | Pulldown | outputs nFOUTXx to go high. When logic LOW, the internal dividers
and the outputs are enabled. Assertion of MR does not effect loaded
M, N, and T values. LVCMOS / LVTTL interface levels.
Clocks in serial data present at S_DATA input into the shift register
18 S-CLOCK Input | Pulldown on the rising edge of S_CLOCK. LVCMOS / LVTTL interface levels.
Shift register serial input. Data sampled on the rising edge
19 S_DATA Input | Pulldown | ¢t 5’ GLOCK. LVCMOS / LVTTL interface levels.
Controls transition of data from shift register into the dividers.
20 S_LOAD Input | Pulldown | \/eMOs / LVTTL interface levels.
21 Vioa Power Analog supply pin.
Selects between crystal oscillator or test inputs as the PLL reference
22 XTAL_SEL Input Pullup | source. Selects XTAL inputs when HIGH. Selects REF_CLK when
LOW. LVCMOS / LVTTL interface levels.
Pullup/ | Reference clock input. V|, /2 default when left floating.
23 REF_CLK NPUt | puildown | LVCMOS / LVTTL interface levels.
o4 05 XTAL_IN, Inout Crystal oscillator interface. XTAL_IN is the input,
’ XTAL_OUT P XTAL_OUT is the output.
Parallel load input. Determines when data present at M8:MO is
26 nP_LOAD Input | Pulldown | loaded into M divider, and when data present at N1:NO sets the
N output divider value. LVCMOS / LVTTL interface levels.
Determines whether synthesizer is in PLL or bypass mode.
27 VCO_SEL Input Pullup | In bypass mode, VCO_SEL = 0, the differential outputs are phase
aligned. LVCMOS / LVTTL interface levels. NOTE 1.

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

PRELIMINARY

NOTE 1: In bypass mode, VCO_SEL = 0, the differential outputs are phase aligned.

TaBLE 2. PIN CHARACTERISTICS

Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
Cy Input Capacitance 4 pF
Reuiue Input Pullup Resistor 51 kQ
Rouioown | INPUt Pulldown Resistor 51 kQ
Ryoore Pullup/Pulldown Resistors 51 kQ
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1ICS84421-90

CRYSTAL OSCILLATOR-TO-LVDS FREQUENCY SYNTHESIZER PRELIMINARY

TaBLE 3A. PArRALLEL AND SeRIAL MobE FuncTion TABLE

Inputs
MR | nP_LOAD| M N | S_LOAD | S_CLOCK | S_DATA

Conditions

Reset. When HIGH, forces the outputs to a differential
H X X X X X X LOW state (FOUTx = LOW and nFOUTx = HIGH), but
does not effect loaded M, N, and T values.

Data on M and N inputs passed directly to the M
divider and N output divider. TEST output forced LOW.

L 1 Data | Data L X X Dat_a is latched into |_n_put reglst_ers anc_i remains loaded
until next LOW transition or until a serial event occurs.
Serial input mode. Shift register is loaded with data on

L L Data | Data X X X

L H X X L T Data S_DATA on each rising edge of S_CLOCK.

] P x| | e | o e o o e e passed o e

L J Data | M divider and N output divider values are latched.

L L X Parallel or serial input do not affect shift registers.

L H ) Data S_DATA passed directly to M divider as it is clocked.
NOTE: L =LOW

H = HIGH

X = Don't care

T = Rising edge transition
| = Falling edge transition

TasLE 3B. ProgrRAMMABLE VCO Freaquency FuncTioN TABLE

VCO Frequency . 256 128 64 32 16 8 4 2 1
M Divide
(MHz) M8 M7 M6 M5 M4 M3 M2 M1 Mo

250 10 0 0 0 0 0 1 0 1 0
275 11 0 0 0 0 0 1 0 1
650 26 0 0 0 0 1 1 0 1 0
675 27 0 0 0 0 1 1 0 1 1
700 28 0 0 0 0 1 1 1 0 0

NOTE 1: These M divide values and the resulting frequencies correspond to crystal or TEST_CLK input frequency
of 25MHz.

TasLE 3C. PrograMMABLE OuTtPuTt DivibER FuncTiON TABLE

Inputs . Output Frequency (MHz)
N Divider Value
N1 NO Minimum Maximum
0 0 1 250 700
0 1 2 125 350
1 0 4 62.5 175
1 1 8 31.25 87.5
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1ICS84421-90

CRYSTAL OSCILLATOR-TO-LVDS FREQUENCY SYNTHESIZER PRELIMINARY

ABsoLuTE Maximum RATINGS

Supply Voltage, V,, 4.6V NOTE: Stresses beyond those listed under Absolute
Maximum Ratings may cause permanent damage to the
device. These ratings are stress specifications only. Functional op-
Outputs, V, -0.5V toV, + 0.5V eration of product at these conditions or any conditions beyond
those listed in the DC Characteristics or AC Characteristics is not
implied. Exposure to absolute maximum rating conditions for ex-
Storage Temperature, T, -65°C to 150°C tended periods may affect product reliability.

’ 'STG

Inputs, V, -0.5VtoV,,+05V

Package Thermal Impedance, 6, 37°C/W (0 mps)

7 VA

TasLE 4A. Power SuppLy DC CHARACTERISTICS, V=V, = 3.3V+5%, Ta = -40°C 70 85°C

Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
Voo Core Supply Voltage 3.135 3.3 3.465 \Y,
Vioa Analog Supply Voltage 3.135 3.3 3.465 \%
Io Power Supply Current 165 mA
looa Analog Supply Current 12 mA

TasLe 4B. LVCMOS / LVTTL DC CHARAcTERISTICS, V=V, = 3.3V+5%, Ta = -40°C 70 85°C

Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
Vi, Input High Voltage 2 Vi, + 0.3 \Y
vV, Input Low Voltage -0.3 0.8 \
MO-M4, M6-M8, NO, N1, MR,
Input nP_LOAD, S_CLOCK, S_DATA, | V=V, =3.465V 150 pA
"H High Current | S_LOAD, REF_CLK
M5, XTAL_SEL, VCO_SEL V,, =V, =3.465V 5 pA
MO0-M4, M6-M8, NO, N1, MR
’ R T V., = 3.465V,
nP_LOAD, S_CLOCK, S_DATA, bo -5 A
| Input S_LOAD V=0V
L
Low Current M5, REF_CLK, V., = 3.465V, 150 A
XTAL_SEL, VCO_SEL V,, =0V g
Ve, Si;tﬁf}o“age TEST; NOTE 1 2.6 v
vy, Eouvf,p\‘j;“age TEST; NOTE 1 0.5 v

NOTE 1: Outputs terminated with 50Q2 to V /2. See Parameter Measurement Information section,
"3.3V Output Load Test Circuit".

TasLe 4C. LVDS DC CHARACTERISTICS, V=V, = 3.3V+5%, Ta = -40°C 10 85°C

Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
Voo Differential Output Voltage 450 mV
AV, V, Magnitude Change 50 mV
Vs Offset Voltage 1.4 \Y

AV g Vs Magnitude Change 50 mV
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CRYSTAL OSCILLATOR-TO-LVDS FREQUENCY SYNTHESIZER PRELIMINARY

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

Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
REF_CLK; NOTE 1 10 25 MHz
T Input Frequency l)\l(-l(?rIEzN XTAL_OUT; 10 25 MHz
S_CLOCK 50 MHz

NOTE 1: For the input crystal and REF_CLK frequency range the M value must be set for the VCO to operate within the
250MHz to 700MHz range. Using the minimum input frequency of 10MHz valid values of M are 25 <M < 70. Using the
maximum frequency of 256MHz valid values of M are 10 < M < 28.

TaBLE 6. CRYSTAL CHARACTERISTICS

Parameter Test Conditions Minimum | Typical | Maximum Units
Mode of Oscillation Fundamental

Frequency 10 25 MHz
Equivalent Series Resistance (ESR) 50 Q
Shunt Capacitance 7 pF
Drive Level 1 mwW

TasLE 7. AC CHARACTERISTICS, V=V, = 3.3V+5%, Ta = -40°C T0 85°C

Symbol Parameter Test Conditions Minimum | Typical | Maximum | Units
Four Output Frequency 31.25 700 MHz
. ) N=1,2 18 ps
tjit(cc) Cycle-to-Cycle Jitter; NOTE 1, 2
N=4 29 ps
tjit(per) Period Jitter, RMS; NOTE 1, 2 3.5 ps
tphase () | Output Phase Relationship; NOTE 3 90 °
t /. Output Rise/Fall Time 20% to 80% 150 750 ps
M, N to nP_LOAD 5 ns
tg Setup Time | S_DATA to S_CLOCK 5 ns
S_CLOCK to S_LOAD 5 ns
M, N to nP_LOAD 5 ns
t, Hold Time | S_DATA to S_CLOCK 5 ns
S_CLOCK to S_LOAD 5 ns
odc Output Duty Cycle; NOTE 4 N> 1 50 %
tow Output Pulse Width N=1 b2 - 150 tooo/2+ 150 | ps
t ook PLL Lock Time 1 ms

See Parameter Measurement Information section.

NOTE 1: Jitter performance using XTAL inputs.

NOTE 2: This parameter is defined in accordance with JEDEC Standard 65.

NOTE 3: Not valid when VCO_SEL = 0.

NOTE 4: In the Application Section, please refer to the application note, "Differential Duty Cycle Improvement".
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PARAMETER MEASUREMENT INFORMATION

SCOPE
Qx
3.3V5% 3
POWER SUPPLY 50Q2 8
+ Float GND — l
= nax| 500 _"I"

3.3V LVDS Ourtprut Loap AC Test Circuit

10 contains 68.26% of all measurements
20 contains 95.4% of all measurements
3o contains 99.73% of all measurements
40 contains 99.99366% of all measurements

60 contains (100-1.973x107)% of all measurements

Histogram

Mean Period
(First edge after trigger)

Reference Point
(Trigger Edge)

Periob JITTER

nFOUTO
FOUTO >:< >< ><
I
nFOUT1 '
I
FOUTH : X >< ><

I
—>»! 1 <«—tphase(Q)

OuTtpuT PHASE RELATIONSHIP

nFOUTO,
nFOUT1
FOUTO, >< >< ><
FOUT1
tcycle n ——T[T—3——tcycle n+1

tjit(cc) = teycle n —teycle n+1
1000 Cycles

CycLE-To-CYCLE JITTER

nFOUTO, nFOUT1 |
\ 80% 80% I
FOUTO, FOUT1 I
! Vob
< t — > |
PW '
t Clock 20% 20% l
«————— "PERIOD Outputs to r
e—>— tr te H:fﬂ
t
odc=—""_ x100%
tF’EF{IOD
Output Duty CyCLE Ourtput Rise/FALL TIME
VDD VDD
out
DC Input| LVDS oC Input| LVDS

OFFSeT VOLTAGE SETUP

out

DiFrerenTIAL OuTPUT VOLTAGE SETUP
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CRYSTAL OSCILLATOR-TO-LVDS FREQUENCY SYNTHESIZER PRELIMINARY

APPLICATION INFORMATION

SToRAGE AREA NETWORKS

A variety of technologies are used for interconnection of the frequencies used as well as the settings for the ICS84421-90 to
elements within a SAN. The tables below lists the common generate the appropriate frequency.

TaBLE 8. Common SANs AppLICcATION FREQUENCIES

Reference Frequency to SERDES Crystal Frequency
Interconnect Technology Clock Rate (MHz2) (MHz)
Gigabit Ethernet 1.25 GHz 125, 250, 156.25 25, 19.53125
) FC1 1.0625 GHz
Fibre Channel FC2 21250 GHz 106.25, 53.125, 132.8125 16.6015625, 25
Infiniband 2.5 GHz 125, 250 25

TaBLE 9. CoNFIGURATION DETAILS FOR SANS APPLICATIONS

ICS84421-90 1CS84421-90
Interconnect Crystal Frequency Output Frequency M & N Settings
Technology (MHz) to SERDES
(MHz2) M8|M7|M6| M5 M4 | M3| M2| M1| MO | N1 | NO

25 125 0]J]0| 0] O 1 0 1 o| o 1 0

25 250 0]J]0| 0] O 1 0 1 0|01 O 1
Gigabit Ethernet

25 156.25 0]J]0| 0] O 1 1 0] 0 1 1 0

19.53125 156.25 ofo]oO 1 ofojoflofoO 1 0

25 53.125 0]J]0| 0] O 1 0]l]0]O0 1 1 1
Fiber Channel 1

25 106.25 0]J]0| 0] O 1 0|l]0]O 1 1 0
Fiber Channel 2 16.6015625 132.8125 0|l]0]O 1 oOoJ0]J]0O0)]O0fO 1 0

25 125 0]J]0| 0] O 1 0 1 o| o 1 0
Infiniband

25 250 ofo)JO0]| O 1 0 1 ofo]oO 1

PoweR SuppLY FILTERING TECHNIQUES

As in any high speed analog circuitry, the power supply pins
are vulnerable to random noise. The 1CS8442I-90 provides 3.3V
separate power supplies to isolate any high switching noise
from the outputs to the internal PLL. V_ ,and V_,,
should be individually connected to the power supply plane
through vias, and bypass capacitors should be used for each
pin. To achieve optimum jitter performance, power supply iso-
lation is required. Figure 2 illustrates how a 10Q resistor along I
with a 10pF and a .01uF bypass capacitor should be connected
to each V..

10Q

O1uF 10uF

Ficure 2. Power SuppLy FILTERING
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CRYSTAL OSCILLATOR-TO-LVDS FREQUENCY SYNTHESIZER

PRELIMINARY

CRysTAL INPUT INTERFACE

A crystal can be characterized for either series or parallel mode
operation. The 1CS84421-90 has a built-in crystal oscillator
circuit. This interface can accept either a series or parallel
crystal without additional components and generate

frequencies with accuracy suitable for most applications.
Additional accuracy can be achieved by adding two small
capacitors C1 and C2 as shown in Figure 3. Typical results
using parallel 18pF crystals are shown in Table 10.

pu—
X1 E;
18pF Parallel Crystal

XTAL_OUT

XTAL_IN

Ficure 3. CRysTAL INPUt INTERFACE

LVCMOS 1o XTAL INTERFACE

The XTAL_IN input can accept a single-ended LVCMOS signal
through an AC coupling capacitor. A general interface diagram is
shown in Figure 4. The XTAL_OUT pin can be left floating. The
input edge rate can be as slow as 10ns. For LVCMOS inputs, it is
recommended that the amplitude be reduced from full swing to
half swing in order to prevent signal interference with the power
rail and to reduce noise. This configuration requires that the output

impedance of the driver (Ro) plus the series resistance (Rs) equals
the transmission line impedance. In addition, matched termination
at the crystal input will attenuate the signal in half. This can be
done in one of two ways. First, R1 and R2 in parallel should equal
the transmission line impedance. For most 50Q applications, R1
and R2 can be 100Q. This can also be accomplished by removing
R1 and making R2 50Q.

VDD

Ro

VDD

XTAL_IN

XTAL_OUT

Ficure 4. GeNeErAL Diagram For LVCMOS Driver To XTAL INPUT INTERFACE
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CRYSTAL OSCILLATOR-TO-LVDS FREQUENCY SYNTHESIZER

PRELIMINARY

RecommenpaTions FOR UNuseD INPUT AND OuTtpuT Pins

INPUTS:

CRysTAL INPUT:
For applications not requiring the use of the crystal oscillator input,
both XTAL_IN and XTAL_OUT can be left floating. Though not

OurTpPuTS:

LVDS Output
All unused LVDS output pairs can be either left floating or
terminated with 100Q2 across. If they are left floating, there should

required, but for additional protection, a 1kQ resistor can be tied be no trace attached.

from XTAL_IN to ground.

REF_CLK InpPuT:

For applications not requiring the use of the reference clock, it
can be left floating. Though not required, but for additional
protection, a 1kQ resistor can be tied from the REF_CLK to
ground.

LVCMOS ControL Pins:

All control pins have internal pull-ups or pull-downs; additional
resistance is not required but can be added for additional
protection. A 1kQ resistor can be used.

DiFrerenTIAL DutYy CYCLE IMPROVEMENT

The schematic below is recommended for applications using the +1
output configuration for improving the differential duty cycle.

Vce = 3.3V
R2 R4
1.3k 1.3k
Z0=50 C1
. |(
/ I\
R1 Auf
100
Z0=50 C2
\ |(
I\
Auf
LVDS Driver R3 R5 Receiver_dif
800 800

Ficure 5. DiIFFerReNTIAL Duty CycLE IMPROVEMENT
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CRYSTAL OSCILLATOR-TO-LVDS FREQUENCY SYNTHESIZER

PRELIMINARY

THERMAL RELEASE PATH

The expose metal pad provides heat transfer from the device to
the P.C. board. The expose metal pad is ground pad connected
to ground plane through thermal via. The exposed pad on the
device to the exposed metal pad on the PCB is contacted through

solder as shown in Figure 6. For further information, please refer
to the Application Note on Surface Mount Assembly of Amkor’s
Thermally /Electrically Enhance Leadframe Base Package, Amkor
Technology.

SOLDER MASK

EXPOSED PAD SOLDER

SIGNAL

SIGNAL
TRACE

0303050203020 70 0 0!
R IRRAKK,
RRRRRRRRRR

RRXIIIILILS,
R RRARAKL,
ARRRREEERRK]

KX
e

vvvvvvvvvvv PRI RKXIRKK]
JERHAIRIIKY
RRRRRRRRRA

GROUND PLANE

\ HERMAL VIA /

Expose Metal Pad
(GROUND PAD)

Ficure 6. P.C. BoarD For Exrosep Pap THERMAL RELEASE PATH EXAMPLE

LVDS DRivER TERMINATION

A general LVDS interface is shown in Figure 7. In a 100Q
differential transmission line environment, LVDS drivers require
a matched load termination of 100Q across near the receiver

input. For a multiple LVDS outputs buffer, if only partial outputs
are used, it is recommended to terminate the unused outputs.

3.3V

LVDS

—__ )

R1
100

— )

= 100 Ohm Differential Transmission Line

Ficure 7. TypicaL LVDS DRiver TERMINATION
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CRYSTAL OSCILLATOR-TO-LVDS FREQUENCY SYNTHESIZER PRELIMINARY

Power CONSIDERATIONS

This section provides information on power dissipation and junction temperature for the 1CS8422I-90.
Equations and example calculations are also provided.

1. Power Dissipation.
The total power dissipation for the ICS8422I-90 is the sum of the core power plus the analog power plus the power dissipated in the

load(s). The following is the power dissipation for V= 3.3V + 5% = 3.465V, which gives worst case results.

® Power (core) =V

(Y
MAX DD_MAX DD_MAX DDA_MAX

) = 3.465V * (165mA + 12mA) = 578.65mW

2. Junction Temperature.
Junction temperature, Tj, is the temperature at the junction of the bond wire and bond pad and directly affects the reliability of the

device. The maximum recommended junction temperature for HiPerClockS™ devices is 125°C.

The equation for Tj is as follows: Tj=6, * Pd_total + T,
Tj = Junction Temperature
0,, = Junction-to-Ambient Thermal Resistance

Pd_total = Total Device Power Dissipation (example calculation is in section 1 above)
T, = Ambient Temperature

In order to calculate junction temperature, the appropriate junction-to-ambient thermal resistance 6,, must be used. Assuming no air
flow and a multi-layer board, the appropriate value is 37°C/W per Table 10 below.

Therefore, Tj for an ambient temperature of 85°C with all outputs switching is:
85°C + 0.579W * 37°C/W = 106.4°C. This is well below the limit of 125°C.

This calculation is only an example. Tj will obviously vary depending on the number of loaded outputs, supply voltage, air flow, and
the type of board (single layer or multi-layer).

TasLe 10. THERMAL REesisTAaNCE 0, FOR 32-Leap VFQFN, Forcep CoNVECTION

8, by Velocity (Meters per Second)

0 1 2.5
Multi-Layer PCB, JEDEC Standard Test Boards 37.0°C/W 32.4°C/W 29.0°C/W
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RELIABILITY INFORMATION

TasLE 11. OJAvs. AR FLow TaBLE For 32 Leap VFQFN

8, vs. Air Flow (Meters per Second)

0 1 25
Multi-Layer PCB, JEDEC Standard Test Boards 37.0°C/W 32.4°C/W 29.0°C/W

TRrANsISTOR COUNT
The transistor count for ICS8442I-90 is: 4358
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Package OUTLINE - K Surrix For 32 Leap VFQFN

Seating Plane (Ref.)
9 o (No X[ Np & Ng
(Ref.) Even
Index Area AT
L
N_ ; oA g A7|N (Typ)
77 I ERVRVIISRY If Np & Ne
/ Anvil 4 E1— a_reva_en
Y Singulation ‘*7:)_ 2
/ E—L Ng -1)x
—or— E2 = (Ne -1)x@&
EZ/ g * (Ref.)
. Sawn %L:D_ ‘K
Top View . . N &
Singulation \ f b
NN
> [ \—Thermal
(Ref. D B
«—[D}— —>| Afe— e N > 32' e ase
Odd
4— D2 —pi

C
-

TaBLE 12. PackAGE DIMENSIONS

JEDEC VARIATION
ALL DIMENSIONS IN MILLIMETERS
VHHD-2
SYMBOL
MINIMUM NOMINAL MAXIMUM
N 32
A 0.80 - 1.00
A1 0 - 0.05
A3 0.25 Re.
b 0.18 0.25 0.30
N, 8
N, 8
5.00 BASIC
D2 125 | 2.25 | 3.25
E 5.00 BASIC
E2 1.25 | 225 | 3.25
e 0.50 BASIC
L 0.30 | 0.40 | 0.50

Reference Document: JEDEC Publication 95, MO-220
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TaBLE 13. ORDERING INFORMATION

Part/Order Number Marking Package Shipping Packaging | Temperature
ICS8442AKI-90 TBD 32 Lead VFQFN Tray -40°C to 85°C
ICS8442AKI-90T TBD 32 Lead VFQFN 1000 Tape & Reel -40°C to 85°C
ICS8442AKI-90LF ICS442A190L 32 Lead "Lead-Free" VFQFN Tray -40°C to 85°C
ICS8442AKI-90LFT ICS442A190L 32 Lead "Lead-Free" VFQFN 1000 Tape & Reel -40°C to 85°C

NOTE: Parts that are ordered with an "LF" suffix to the part number are the Pb-Free configuration and are RoHS compliant.

While the information presented herein has been checked for both accuracy and reliability, Integrated Device Technology, Incorporated (IDT) 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 IDT. IDT
reserves the right to change any circuitry or specifications without notice. IDT does not authorize or warrant any IDT product for use in life support devices or critical medical instruments.
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Innovate with IDT and accelerate your future networks. Contact:

For Sales
800-345-7015
408-284-8200
Fax: 408-284-2775

For Tech Support
netcom @idt.com
480-763-2056

€IDT

www.IDT.com

Corporate Headquarters
Integrated Device Technology, Inc.
6024 Silver Creek Valley Road

San Jose, CA 95138

United States

800 345 7015

+408 284 8200 (outside U.S.)

Asia Pacific and Japan
Integrated Device Technology
Singapore (1997) Pte. Ltd.

Reg. No. 199707558G

435 Orchard Road

#20-03 Wisma Atria

Singapore 238877

+65 6 887 5505

Europe

IDT Europe, Limited

321 Kingston Road
Leatherhead, Surrey
KT22 7TU

England

+44 (0) 1372 363 339
Fax: +44 (0) 1372 378851

© 2006 Integrated Device Technology, Inc. All rights reserved. Product specifications subject to change without notice. IDT, the IDT logo, ICS and HiPerClockS are trademarks
of Integrated Device Technology, Inc. Accelerated Thinking is a service mark of Integrated Device Technology, Inc. All other brands, product names and marks are or may be
trademarks or registered trademarks used to identify products or services of their respective owners.
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