PRELIMINARY

FEMTOCLOCKS™ CRYSTAL-TO-
LVHSTL FREQUENCY SYNTHESIZER

General Description

The 1CS84220021-01 is a 2 output LVHSTL
Synthesizer optimized to generate Ethernet
reference clock frequencies and is a member of the
HiPerClocks™ family of high performance clock
solutions from IDT. Using a 25MHz 18pF parallel
resonant crystal, the following frequencies can be generated
based on the 2 frequency select pins (F_SEL[1:0]): 156.25MHz,
125MHz and 62.5MHz. The ICS84220021-01 uses IDT’s 3™
generation low phase noise VCO technology and can achieve 1ps
or lower typical rms phase jitter, easily meeting Ethernet jitter
requirements. The 1CS84220021-01 is packaged in a small 20-pin
TSSOP package.

Block Diagram

F_SEL[1:0] _Pulldown 2

1CS84220021-01

Features

® Two LVHSTL outputs (Voymax = 1.2V)

® Selectable crystal oscillator interface or
LVCMOS/LVTTL single-ended input

® Supports the following output frequencies: 156.25MHz,
125MHz, 62.5MHz

® VCO range: 560MHz - 680MHz

* RMS phase jitter @ 156.25MHz, using a 25MHz crystal
(1.875MHz - 20MHz): 0.44ps (typical)

® Power supply modes:
Core/Output
3.3Vv/1.8V
2.5V/1.8V

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

¢ Available in both standard (RoHS 5) and lead-free (RoHS 6)
packages

Pin Assignment

nc[]1 20 []Vobo
Vobo[}2 19[0Q1
Qo3 18 [1nQ1
nQo[]4 17 JGND
MR[]5 16 [ 1Vbp
nPLL_SEL[]6 15 [ 1nXTAL_SEL
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F_SELO[]9 12 [IXTAL_OUT
voo[J10 11 [JF_SEL1
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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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Table 1. Pin Descriptions

Number Name Type Description
1,7 nc Unused No connect.
2,20 Vppo Power Output supply pins.
3,4 QO0, nQ0 Output Differential output pair. LVHSTL interface levels.
Active HIGH Master Reset. When logic HIGH, the internal dividers are reset
causing the true outputs Qx to go low and the inverted outputs nQx
5 MR nput Pulldown to go high. When logic LOW, the internal dividers and the outputs are
enabled. LVCMOS/LVTTL interface levels.
Selects between the PLL and REF_CLK as input to the dividers. When LOW,
6 nPLL_SEL Input Pulldown | selects PLL (PLL Enable). When HIGH, deselects the reference clock (PLL
Bypass). LVCMOS/LVTTL interface levels.
8 Vbpa Power Analog supply pin.
F_SELO, . .
9, 11 F SELA Input Pulldown | Frequency select pins. LVCMOS/LVTTL interface levels.
10, 16 Vbp Power Core supply pins.
12 13 XTAL_OUT, Inout Parallel resonant crystal interface. XTAL_OUT is the output,
’ XTAL_IN P XTAL_IN is the input.
14 REF_CLK Input Pulldown | Single-ended reference clock input. LVCMOS/LVTTL interface levels.
Selects between crystal or REF_CLK inputs as the PLL Reference source.
15 nXTAL_SEL Input Pulldown | Selects XTAL inputs when LOW. Selects REF_CLK when HIGH.
LVCMOS/LVTTL interface levels.
17 GND Power Power supply ground.
18,19 nQ1, Q1 Output Differential output pair. LVHSTL interface levels.

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

Table 2. Pin Characteristics

Symbol Parameter Test Conditions Minimum | Typical Maximum Units
Cin Input Capacitance 4 pF
RpuLLbown | Input Pulldown Resistor 51 kQ
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Absolute Maximum Ratings

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 beyond
those listed in the DC Characteristics or AC Characteristics is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect product reliability.

Item Rating
Supply Voltage, Vpp 4.6V
Inputs, V, -0.5V to Vpp + 0.5V
Outputs, 1o

Continuous Current 50mA

Surge Current 100mA
Package Thermal Impedance, 0, 73.2°C/W (0 Ifpm)
Storage Temperature, Tgrg -65°C to 150°C

DC Electrical Characteristics
Table 3A. Power Supply DC Characteristics, Vpp = Vppa = 3.3V + 5%, Vppo = 1.8V 0.2V, T, = -40°C to 85°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vbp Core Supply Voltage 3.135 3.3 3.465 \
Vbpa Analog Supply Voltage 3.135 3.3 3.465 \
Vbpbo Output Supply Voltage 1.6 1.8 2.0 \Y
Ibp Core Supply Current 90 mA
Ibpa Analog Supply Current 10 mA
Ibbo Output Supply Current 0 mA

Table 3B. Power Supply DC Characteristics, Vpp = Vpps = 2.5V + 5%, Vppo = 1.8V £0.2V, T, = -40°C to 85°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vbp Core Supply Voltage 2.375 25 2.625 \
Vbpa Analog Supply Voltage 2.375 25 2.625 \'
Vbpo Output Supply Voltage 1.6 1.8 2.0 \
Iop Core Supply Current 80 mA
Ibpa Analog Supply Current 10 mA
Ibbo Output Supply Current 0 mA
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Table 3C. LVCMOS/LVTTL DC Characteristics, T, = -40°C to 85°C

PRELIMINARY

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vi Input High Voltage Vop =33 2 Yop+93
Vpp = 2.5V 1.7 Vpp + 0.3 \Y
Vpp = 3.3V -0.3 0.8 Vv
Vi Input Low Voltage
Vpp = 2.5V -0.3 0.7 Vv
» In.put REF_CLK, MR, F_SEL[0:1], Vpp = VN = 3.465V 150 uA
High Current | nPLL_SEL, nXTAL_SEL or 2.625V
I Input REF_CLK, MR, F_SEL[0:1], | Vpp =3.465V or 2.625V, 5 UA
Low Current nPLL_SEL, nXTAL_SEL Vin=0V
Table 3D. LVHSTL DC Characteristics, Vpp = Vppa = 3.3V + 5%, Vppg = 1.8V 0.2V, T, = -40°C to 85°C
Symbol | Parameter Test Conditions Minimum Typical Maximum Units
VoH Output High Current; NOTE 1 1.0 1.2 \'
VoL Output Low Current; NOTE 1 0 0.4 \
Vox Output Crossover Voltage; NOTE 2 40 60 %
Vswing | Peak-to-Peak Output Voltage Swing 0.6 1.1 \
NOTE 1: Outputs termination with 50Q2 to ground.
NOTE 2: Defined with respect to output voltage swing at a given condition.
Table 3E. LVHSTL DC Characteristics, Vpp = Vppa = 2.5V + 5%, Vpppo = 1.8V 0.2V, T, = -40°C to 85°C
Symbol | Parameter Test Conditions Minimum Typical Maximum Units
VoH Output High Current; NOTE 1 1.0 1.2 \
VoL Output Low Current; NOTE 1 0.235 \
Vox Output Crossover Voltage; NOTE 2 40 60 %
Vswing | Peak-to-Peak Output Voltage Swing 0.9 \
NOTE 1: Outputs termination with 50Q2 to ground.
NOTE 2: Defined with respect to output voltage swing at a given condition.
Table 4. Crystal Characteristics
Parameter Test Conditions Minimum Typical Maximum Units
Mode of Oscillation Fundamental
Frequency 22.4 25 27.2 MHz
Equivalent Series Resistance (ESR) 50 Q
Shunt Capacitance 7 pF
Drive Level 1 mwW
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AC Electrical Characteristics

Table 5A. AC Characteristics, Vpp = Vppa = 3.3V £ 5%, Vppo = 1.8V 0.2V, T, = -40°C to 85°C

PRELIMINARY

Parameter | Symbol Test Conditions Minimum | Typical | Maximum Units
F_SEL[1:0] =00 140 170 MHz
fouT Output Frequency F_SEL[1:0] = 01 112 136 MHz
F_SEL[1:0] =10 56 68 MHz
tsk(o) Output Skew; NOTE 1, 2 TBD ps
. 156.25MHz, (1.875MHz — 20MHz) 0.44 ps
fit() Eg"?;gase Jitter (Random); 125MHz, (1.875MHz — 20MHz) 0.48 ps
62.5MHz, (1.875MHz — 20MHz) 0.49 ps
tr/te Output Rise/Fall Time 20% to 80% 410 ps
odc Output Duty Cycle 50 %
NOTE 1: Defined as skew between outputs at the same supply voltages and with equal load conditions. Measured at Vppo/2.
NOTE 2: This parameter is defined in accordance with JEDEC Standard 65.
NOTE 3: Please refer to the Phase Noise Plot.
Table 5B. AC Characteristics, Vpp = Vppa = 2.5V + 5%, Vppo = 1.8V 0.2V, T, = -40°C to 85°C
Parameter | Symbol Test Conditions Minimum | Typical | Maximum Units
F_SEL[1:0] = 00 140 170 MHz
fout Output Frequency F_SEL[1:0] = 01 112 136 MHz
F_SEL[1:0] =10 56 68 MHz
tsk(o) Output Skew; NOTE 1, 2 TBD ps
. 156.25MHz, (1.875MHz — 20MHz) 0.41 ps
fit() Eg'?EPgase Jitter (Random); |45 50z, (1.875MHz — 20MH2) 0.49 ps
62.5MHz, (1.875MHz — 20MHz) 0.50 ps
tr/tF Output Rise/Fall Time 20% to 80% 380 ps
odc Output Duty Cycle 50 %

NOTE 1: Defined as skew between outputs at the same supply voltages and with equal load conditions. Measured at Vppo/2.

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

NOTE 3: Please refer to the Phase Noise Plot.
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Typical Phase Noise at 156.25MHz
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Parameter Measurement Information

3.3V+5% 2.5V+5%

1.8V+0.2V 1.8V+0.2V

oV oV

3.3V/1.8V Output Load AC Test Circuit 2.5V/1.8V Output Load AC Test Circuit

Phase Noise Plot
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Application Information

Power Supply Filtering Technique

As in any high speed analog circuitry, the power supply pins are
vulnerable to random noise. To achieve optimum jitter
performance, power supply isolation is required. The
1CS8422002I1-01 provides separate power supplies to isolate any
high switching noise from the outputs to the internal PLL. Vpp,
Vppa and Vppo should be individually connected to the power
supply plane through vias, and 0.01pF bypass capacitors should
be used for each pin. Figure 1 illustrates this for a generic Vpp pin
and also shows that Vppp requires that an additional 10Q resistor

along with a 10uF bypass capacitor be connected to the Vppp pin.

3.3V

10Q

.01pF 10pF

I

L

Figure 1. Power Supply Filtering

Recommendations for Unused Input and Output Pins

Inputs:

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.

Crystal INPUTS

For applications not requiring the use of the crystal oscillator input,
both XTAL_IN and XTAL_OUT can be left floating. Though not
required, but for additional protection, a 1kQ resistor can be tied
from XTAL_IN to ground.

REF_CLK INPUT

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.

IDT™ /ICS™ LVHSTL FREQUENCY SYNTHESIZER

Outputs:

LVHSTL Outputs

All unused LVHSTL outputs can be left floating. We recommend
that there is no trace attached. Both sides of the differential output
pair should either be left floating or terminated.

1CS8422002AGI-01 REV. C NOVEMBER 1, 2007
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Crystal Input Interface

The 1CS8422002I-01 has been characterized with 18pF parallel
resonant crystals. The capacitor values shown in Figure 2 below

XTAL_IN
1
C1
22p
x g
18pF Parallel Crystal
XTAL_OUT
1
c2
22p

Figure 2. Crystal Input Interface

LVCMOS to 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 3. 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

were determined using a 25MHz 18pF parallel resonant crystal
and were chosen to minimize the ppm error.

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.

VbD VDD

R1

Ro Rs 500 0.1pf

XTAL_IN

Zo =Ro + Rs R2

XTAL_OUT

Figure 3. General Diagram for LVCMOS Driver to XTAL Input Interface
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Schematic Example

Figure 4 shows an example of ICS84220021-01 application
schematic. In this example, the device is operated at Vpp = 3.3V.
Both input options are shown. The device can either be driven
using a quartz crystal or a 3.3V LVCMOS signal. The C1= 22pF
and C2 = 22pF are recommended for frequency accuracy. For

different board layout, the C1 and C2 may be slightly adjusted for
optimizing frequency accuracy. The LVHSTL output driver

termination examples are shown in this schematic. The decoupling
capacitor should be located as close as possible to the power pin.

o Zo = 50 Ohm
nQn
"
Zo = &0 Ohm
MR
MnPLL_SEL
Ri Rz
; A0 A0
Logic Control Input Examples e F sEW oD
WDDA,
: ; o0
won  oetLogic | .. Set Logic F3 = -
Input to Input to C: =~ =T~ C4 1D
“1' DI -—warloq:-h-oocnva— 10uF | | 0.0ty .
RUA Rz e L g
1K Not Install %Séﬁﬁ Egﬁg = WDD=33v
_II r-':‘|
To Lowgic: To Logic = - WDDO=33Y
Input Input =
pins ping o
ROT ROZ mx_5 Zu = 50 Ohm
Not Install 1K o el o o
L L g __ooirddl i .
= = ErRaEErERy
]
F2|E|==pelEe=T| 1o sedazo0g 0 =
\J?_DD
=] F SELY

o
L R
50

RS
oD 50
oo
—" nHTAL_SEL

}{1 p—
T 26.5625MHz
18pF

22pF

-

RE Zo = 50 Ohm

Ro « 7 Obm
Ci1

F2pF

i3

Driwer_LWChiOs

(-2 oo (20 (A0, (U116

Figure 4.1CS8422002I-01 Schematic Example
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Power Considerations

This section provides information on power dissipation and junction temperature for the ICS8422002I-01.
Equations and example calculations are also provided.

1. Power Dissipation.

The total power dissipation for the ICS8422002I-01 is the sum of the core power plus the power dissipated in the load(s).
The following is the power dissipation for Vpp = 3.3V + 5% = 3.465V, which gives worst case results.

NOTE: Please refer to Section 3 for details on calculating power dissipated in the load.
° Power (COFG)MAX = VDD_MAX * lDD_MAX = 3.465V * 100mA = 346.5mW

*  Power (outputs)yax = 32.8mW/Loaded Output pair
If all outputs are loaded, the total power is 2 x 32.8mW = 65.6mW

Total Power_jax (3.465V, with all outputs switching) = 346.5mW + 65.6mW = 412.1mW

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 + Tp

Tj = Junction Temperature

0,a = Junction-to-Ambient Thermal Resistance

Pd_total = Total Device Power Dissipation (example calculation is in section 1 above)

Ta = Ambient Temperature

In order to calculate junction temperature, the appropriate junction-to-ambient thermal resistance 6, must be used. Assuming a moderate
air flow of 200 linear feet per minute and a multi-layer board, the appropriate value is 66.6°C/W per Table 6 below.

Therefore, Tj for an ambient temperature of 85°C with all outputs switching is:
85°C + 0.412W * 66.6°C/W = 112.4°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).

Table 6. Thermal Resistance 6, for 20 Lead TSSOP, Forced Convection

0,4 by Velocity
Linear Feet per Minute 0 200 500
Single-Layer PCB, JEDEC Standard Test Boards 114.5°C/W 98.0°C/W 88.0°C/W
Multi-Layer PCB, JEDEC Standard Test Boards 73.2°C/W 66.6°C/W 63.5°C/W

IDT™ /ICS™ LVHSTL FREQUENCY SYNTHESIZER 1" 1CS8422002AGI-01 REV. C NOVEMBER 1, 2007
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3. Calculations and Equations.
The purpose of this section is to derive the power dissipated into the load.

LVHSTL output driver circuit and termination are shown in Figure 5.

VDDO

Q1

VOUT

RL
50Q

Figure 5. LVHSTL Driver Circuit and Termination

To calculate worst case power dissipation into the load, use the following equations which assume a 50Q load.

Pd_H is power dissipation when the output drives high.

Pd_L is the power dissipation when the output drives low.

Pd_H = (Von_max/RL) * (Vbpo_max - VoH_max)
Pd_L = (VoL_max/B0) * (Vbbo_max- VoL _max)

Pd_H = (1.0V/500) * (2V - 1.0V) = 20mW
Pd_L = (0.4V/50Q) * (2V - 0.4V) = 12.8mW

Total Power Dissipation per output pair = Pd_H + Pd_L = 32.8mW
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Reliability Information
Table 7. 6, vs. Air Flow Table for a 20 Lead TSSOP

0, by Velocity
Linear Feet per Minute 0 200 500
Single-Layer PCB, JEDEC Standard Test Boards 114.5°C/W 98.0°C/W 88.0°C/W
Multi-Layer PCB, JEDEC Standard Test Boards 73.2°C/W 66.6°C/W 63.5°C/W

Transistor Count
The transistor count for ICS8422002I-01 is: 2951

Package Outline and Package Dimension

Package Outline - G Suffix for 20 Lead TSSOP Table 8. Package Dimensions
All Dimensions in Millimeters
c _’"‘_ i Symbol Minimum | Maximum
[ ,J N 20
. t L A 1.20
A1l 0.05 0.15
1 [E] A2 0.80 1.05
§ b 0.19 0.30
¢ ! c 0.09 0.20
I:I I:I D 6.40 6.60
ﬁ E 6.40 Basic
E1 4.30 4.50
—’j \" a e 0.65 Basic
+«——D—»
L 0.45 0.75
0° 8°
aaa 0.10
A2 A Reference Document: JEDEC Publication 95, MO-153
i 0P ] e
N v -C-
Lo X\_seAmG
b PLANE
of[aaa[C|
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Ordering Information

Table 9. Ordering Information

Part/Order Number Marking Package Shipping Packaging Temperature
8422002AGI-01 ICS22002Al101 20 Lead TSSOP Tube -40°C to 85°C
8422002AGI-01T ICS22002A101 20 Lead TSSOP 2500 Tape & Reel -40°C to 85°C
8422002AGI-01LF TBD “Lead-Free” 20 Lead TSSOP Tube -40°C to 85°C
8422002AGI-01LFT TBD “Lead-Free” 20 Lead TSSOP 2500 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 (IDT) assumes no responsibility for either its use or for
the 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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Bbl MoxeTe npuobpectu B komnaHun MosChip.

[lnsa onepaTtuBHOro ocdopmnenus 3anpoca Bam HeobxoomMmo nepenT No faHHON CChISKe:

http://moschip.ru/get-element

Bbl MoxeTe pa3mecTuTb Y Hac 3aka3 and nboro Bawero npoekTa, 6yab To
cepuiiHoe Npomn3BOACTBO MM pa3paboTka eguHUYHOro npubopa.

B Hawem acCcCopTnMeHTe npencTasiieHbl Begywmne MmpoBblie NMPoOnN3BOANTENIN aKTUBHbIX U
NacCUBHbIX 3JTIEKTPOHHbIX KOMIMOHEHTOB.

Hawen cneumanusauuen sBnseTcs NOCTaBKa 3N1EKTPOHHOMW KOMMOHEHTHON 6a3bl
OBOWHOro Ha3HayeHus, npoaykummn Takmx npounssoantenen kak XILINX, Intel
(ex.ALTERA), Vicor, Microchip, Texas Instruments, Analog Devices, Mini-Circuits,
Amphenol, Glenair.

CoTpynHMyecTBO € rnobanbHbIMU OUCTPUOLIOTOPaMN 3NEKTPOHHBIX KOMIMOHEHTOB,
npegocTraBnseT BO3MOXHOCTb 3aKa3blBaTb 1 MOfly4aTb C MEXAYHAPOOHbIX CKNaaos
npakTuyecku nobon nepeyeHb KOMNOHEHTOB B ONTUMarbHble aAnsa Bac cpoku.

Ha Bcex aTanax pa3paboTKu 1 NPOM3BOACTBA HalLW NapTHEPbI MOTYT NOMy4YnTb
KBanumunpoBaHHy NOAAEPXKY OMNbITHbIX UHXEHEPOB.

Cuctema MeHeXMeHTa KayecTBa KOMNaHum oteevaeT TpeboBaHNAM B COOTBETCTBUM C
rOCT P MCO 9001, TOCT PB 0015-002 n 3C P, 009

Odomc no pabote c OPUANHECKUMU NTULLAMMU:

105318, r.Mockea, yn.lWepbakosckaa a.3, ocdomc 1107, 1118, AL, «LUepbakoBcKkuniny»
TenedoH: +7 495 668-12-70 (MHOrokaHanbHbIN)
dakc: +7 495 668-12-70 (006.304)
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