Renesas Synchronous Ethernet Frequency

Translator

1ICS840272I

DATA SHEET

General Description

The 1CS840272l is a PLL-based Frequency Translator intended for
use in Synchronous Ethernet applications. This high performance
device is optimized to generate 25MHz and 8kHz LVCMOS clock
outputs. The 1CS840272] accepts the following differential or
single-ended input signals: 161.1328125MHz (10GbE Mode),
156.25MHz (1GbE Mode), or 125MHz (Recovered clock from
10/100/1000BaseT Ethernet PHY). The extended temperature
range supports telecommunication and networking end equipment
requirements.

Pin Assignment

Vpp [ 1 16 []Vooo
LOCK_DT[]2 15[1QA
REF_SEL[]3 14[1QB

SELO[]4 13[JGND
SEL15 12[1CLKO
OE[]6 11 [ nCLKO
Vopa[]7 10 [JCLK1
GND[]8 9 [InCLKA1
1CS840272I

16-Lead TSSOP
4.40mm x 5.0mm x 0.925mm package body
G Package
Top View

Block Diagram

Features

® Two single-ended outputs (LVCMOS or LVTTL levels),
output impedance: 17Q

® Single-ended lock detect output (LVCMOS or LVTTL levels)
® Two selectable differential clock inputs

® Differential input pair (CLKx, nCLKXx) accepts LVPECL, LVDS,
LVHSTL, SSTL, HCSL input levels

® Internal resistor bias on nCLK pin allows the user to drive CLK
input with external single-ended (LVCMOS/ LVTTL) input levels

® Selectable input frequencies: 161.1328MHz, 156.25MHz or
125MHz

® Qutput frequency: 25MHz, 8kHz

® Full 3.3V supply voltage

® -40°C to 85°C ambient operating temperature
® Available in lead-free (RoHS 6) packaging

>_LOCK_DT
CLKO Pulldown O
Pullup/Pulldown QA
nCLKO N >_ 25MHz
P PLL 1
CLK1 Pulldown |
Pullup/Pulldown
nCLK1
+3125 QB
REF_SEL Pulidown |:: 8kHz
M

Input Control

SEL[1:0] Pulldown:Puilup 00 = PLL Bypass, 25MHz Input

01 = 161.1328125MHz (default)

10 = 156.25MHz

11 = 125MHz

OE Pulldown
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Pin Descriptions and Characteristics
Table 1. Pin Descriptions

Number Name Type Description
1 Vop Power Core supply pin.
2 LOCK_DT Output Lock detect. Logic HIGH when PLL is locked.
o REESEL W | Pukown | e oo M O e O e
o sEo || e | Syebemeeence eencyandine L bypessmode. See Tl
S SET W | Pukown | S eernce rencyandine L bipessmode. See Tl
6 OE Input Pulldown 8kHz output enable pin. When LOW, QB is disabled. When HIGH, QB is
enabled. LVCMOS/LVTTL interface levels. See Table 3B.
7 Vopa Power Analog supply pin.
8 GND Power Power supply ground.
9 nCLK1 Input PPUHUP/ Inverting differential clock input. Internal resistor bias to Vpp/2.
ulldown
10 CLK1 Input Pulldown Non-inverting differential clock input.
11 nCLKO Input Pullup/ Inverting differential clock input. Internal resistor bias to Vpp/2.
Pulldown
12 CLKO Input Pulldown Non-inverting differential clock input.
13 GND Power Power supply ground.
14 QB Output Single-ended clock output. LVCMOS/LVTTL interface levels.
15 QA Output Single-ended clock output. LVCMOS/LVTTL interface levels.
16 Vbpo Power Output supply pin.

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
RpuLLup Input Pullup Resistor 51 kQ
RpuLLpown | Input Pulldown Resistor 51 kQ
Rout Output Impedance Vppo = 3.465V 17 Q
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Function Tables
Table 3A. SEL[1:0] Function Table

Inputs Function Output (MHz)
SELA1 SELO CLKx, nCLKx (MHz) Mode QA
0 0 25 PLL Bypass 25
0 (default) 1 (default) 161.1328125 PLL Enabled 25
1 0 156.25 PLL Enabled 25
1 1 125 PLL Enabled 25
Table 3B. OE Function Table
Control Input Function
OE QB Output
0 (default) Disabled (High impedance)
1 Enabled
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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 the 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, -0.5Vto Vpp + 0.5V
Outputs, Ig (LVCMOS) -0.5V to Vppp + 0.5V
Package Thermal Impedance, 0, 81.2°C/W (0 mps)
Storage Temperature, Tgtg -65°C to 150°C

DC Electrical Characteristics
Table 4A. Power Supply DC Characteristics, Vpp = Vppg = 3.3V+5%, T = -40°C to 85°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
Vpp Core Supply Voltage 3.135 3.3 3.465 \
Vppa Analog Supply Voltage Vpp—0.11 3.3 Vpp \
Vbopbo Output Supply Voltage 3.135 3.3 3.465 \
Ipp Power Supply Current 57 mA
Ibpa Analog Supply Current 11 mA
Ibpo Output Supply Current 5 mA

Table 4B. LVCMOS/LVTTL DC Characteristics, Vpp = Vppo = 3.3V+£5%, Ty = -40°C to 85°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
ViH Input High Voltage Vpp = 3.465V 2 Vpp + 0.3 \
VL Input Low Voltage Vpp = 3.465V -0.3 0.8 \
OE, SEL1
! ’ VDD = V|N = 3.465V 150 HA
H Input High Current REF_SEL
SELO VDD = V|N = 3.465V 5 IJA
OE, SEL1
. ’ Vpp = 3.465V, V| = 0V -5 pA
e Input Low Current REF_SEL PP a
SELO Vpp = 3.465V, V|y = 0V -150 pA
VoH Output High Voltage loy =-12mA 2.6 Vv
VoL Output Low Voltage loL = 12mA 0.5 \%
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Table 4C. Differential DC Characteristics, Vpp = Vppg = 3.3V+5%, Tp = -40°C to 85°C

Symbol | Parameter Test Conditions Minimum Typical Maximum Units
. CLK[0:1], _ _
I Input High Current NCLKIO:1] Vpp =V|y = 3.465V 150 pA
CLKJ0:1] Vpp = 3.465V, V|y = 0V -5 pA
I Input Low Current
nCLKJ[0:1] VDD = 3.465V, V|N =0V -150 MA
Vpp Peak-to-Peak Voltage; NOTE 1 0.15 1.3 \
Common Mode Input Voltage;
VCMR NOTE 1, 2 GND + 0.5 VDD -0.85 \Y
NOTE 1: V|_ should not be less than -0.3V.
NOTE 2: Common mode input voltage is defined as V.
AC Electrical Characteristics
Table 5. AC Characteristics, Vpp = Vppg = 3.3V+5%, Tp = -40°C to 85°C
Symbol | Parameter Test Conditions Minimum Typical Maximum Units
‘ o QA 25 MHz
utput Frequenc
ouT y QB 8 kHz
.. RMS Phase Jitter 25MHz, Integration Range:
§it@) | (Random): NOTE 1 QA 12kHz — 10MHz 11 ps
fiit(cc) Cycle-to-Cycle Jitter QA 25MHz 37 ps
QA 20% to 80% 450 1100 ps
tr/ t¢ Output Rise/Fall Time
QB 20% to 80% 450 1100 ps
QA 47 53 %
odc Output Duty Cycle
QB 47 53 %

NOTE: Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established when the device is
mounted in a test socket with maintained transverse airflow greater than 500 Ifpm. The device will meet specifications after thermal equilibrium
has been reached under these conditions.

NOTE 1: Refer to Phase Noise plot.
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Typical Phase Noise at 25MHz
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Parameter Measurement Information
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Applications 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 ICS840272I provides
separate power supplies to isolate any high switching noise from the
outputs to the internal PLL. Vpp Vppa and Vppg 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 Vppa
requires that an additional 10Q resistor along with a 10uF bypass
capacitor be connected to the Vppa pin.

3.3V

10Q

.01uF 10pF

L

I

Figure 1. Power Supply Filtering

Recommendations for Unused Input and Output Pins

Inputs:

LVCMOS Control Pins
All control pins have internal pullups or pulldowns; additional

resistance is not required but can be added for additional protection.
A 1kQ resistor can be used.

CLK/nCLK Inputs
For applications not requiring the use of the differential input, both
CLK and nCLK can be left floating. Though not required, but for

additional protection, a 1kQ resistor can be tied from CLK to ground.

Outputs:

LVCMOS Outputs

All unused LVCMOS output can be left floating. There should be no
trace attached.
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Wiring the Differential Input to Accept Single-Ended Levels

Figure 2 shows how a differential input can be wired to accept single
ended levels. The reference voltage V= Vpp/2 is generated by the
bias resistors R1 and R2. The bypass capacitor (C1) is used to help
filter noise on the DC bias. This bias circuit should be located as close
to the input pin as possible. The ratio of R1 and R2 might need to be
adjusted to position the Vin the center of the input voltage swing. For
example, if the input clock swing is 2.5V and Vpp = 3.3V, R1 and R2
value should be adjusted to set V4 at 1.25V. The values below are for
when both the single ended swing and Vpp are at the same voltage.
This configuration requires that the sum of the output impedance of
the driver (Ro) and the series resistance (Rs) equals the transmission
line impedance. In addition, matched termination at the input will
attenuate the signal in half. This can be done in one of two ways.
First, R3 and R4 in parallel should equal the transmission line
impedance. For most 50Q applications, R3 and R4 can be 100Q. The

values of the resistors can be increased to reduce the loading for
slower and weaker LVCMOS driver. When using single-ended
signaling, the noise rejection benefits of differential signaling are
reduced. Even though the differential input can handle full rail
LVCMOS signaling, it is recommended that the amplitude be
reduced. The datasheet specifies a lower differential amplitude,
however this only applies to differential signals. For single-ended
applications, the swing can be larger, however V|_cannot be less
than -0.3V and V| cannot be more than Vpp + 0.3V. Suggested edge
rate faster than 1V/ns. Though some of the recommended
components might not be used, the pads should be placed in the
layout. They can be utilized for debugging purposes. The datasheet
specifications are characterized and guaranteed by using a
differential signal.

VDD VDD VDD
VDD
R3
| 100 R1
1K
Ro RS Z0 =50 Ohm N
W — &
Driver ' V1 Receiver
R4 -
100
Ro + Rs =Zo | R2
= C1 71~ 1K 1
0.1uF

Figure 2. Recommended Schematic for Wiring a Differential Input to Accept Single-ended Levels
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Differential Clock Input Interface

The CLK /nCLK accepts LVDS, LVPECL, LVHSTL, SSTL, HCSL and
other differential signals. Both signals must meet the Vpp and Vg
input requirements. Figure 3A to Figure 3F show interface examples

for the 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 IDT open emitter LVHSTL drivers. If you are
using an LVHSTL driver from another vendor, use their termination
recommendation.
3.3V 3.3V 3.3V
1.8V 1.8V 3.3V
R4
R3 6.65KQ
Z0 =500 3.3KQ LK
CLK
Zo = 50Q
nCLK
nCLK LVPECL Differential
. . Input
LVHSTL al‘f)fjtrentlal — ?gg ?029 L
= T R1 R2 N =
LVHSTL Driver 500 2500 =
% R3
= = 50Q
Figure 3A. CLK/nCLK Input Driven by an Figure 3D. CLK/nCLK Input Driven by a
IDT Open Emitter LVHSTL Driver 3.3V LVPECL Driver
3.3V 3.3V 3.3V 3.3V
R3 R4
127Q 120Q
Zo =50Q
CLK CLK
nCLK Z0 = 50Q nCLK
LVPECL Differential Receiver
1 R1 R2 Input
= 8250 »8250 = =
Figure 3B. CLK/nCLK Input Driven by a Figure 3E. CLK/nCLK Input Driven by a
3.3V LVPECL Driver 3.3V LVDS Driver
3.3V 3.3V 3.3V 2.5V 33v
gHS R3 R4
3.3KQ 120Q 113Q
CLK LK
Zo =50Q
e Differential = Differential
R R2 Input R R2 Input
50Q 50Q - 120Q 120Q —_—
—  “Optional - R3 and R4 can be 0Q ? 7
Figure 3C. CLK/nCLK Input Driven by a Figure 3F. CLK/nCLK Input Driven by a
3.3V HCSL Driver 2.5V SSTL Driver
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Schematic Example

Figure 4 (next page) shows an example ICS840272I application
which focuses on functional connections and is not configuration
specific. Refer to the pin description and functional tables in the
datasheet to ensure that the logic control inputs are properly set for
the application.

The ICS840272I requires a variation on each of the standard LVDS
and LVPECL termination networks for the input clocks. These
variations introduce an input offset that ensures the LOCK_DT output
stays at a stable logic low value when the input clock is either stopped
or tri-stated. Notice in particular the nonstandard value of R4 in the
LVPECL termination and the addition of R11 and R12 in the LVDS
termination. Use these same terminations for AC coupling.

As with 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 ICS840272I provides
separate power supplies to isolate any high switching noise from
coupling into the internal PLL.

In order to achieve the best possible filtering, it is recommended that

the placement of the filter components be on the device side of the
PCB as close to the power pins as possible. If space is limited, the 10
ohm VCCA resistor and the 0.1uf capacitor in each power pin filter
should be placed on the device side. The other components can be
on the opposite side of the PCB. Pull up and pull down resistors to
set configuration pins can all be placed on the pcb side opposite the
device side to free up device side area if necessary.

Power supply filter recommendations are a general guideline to be
used for reducing external noise from coupling into the devices. The
filter performance is designed for a wide range of noise frequencies.
This low-pass filter starts to attenuate noise at approximately 10 kHz.
If a specific frequency noise component is known, such as switching
power supplies frequencies, it is recommended that component
values be adjusted and if required, additional filtering be added.
Additionally, good general design practices for power plane voltage
stability suggests adding bulk capacitance in the local area of all
devices.

For additional layout recommendations and guidelines, contact
clocks @idt.com.
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Logic Control nput Examples
Set Logic Set Logic 3
VI nputto ' | VP hputto 0 By
. V0D 2 v
RU1 RU2 | | HM18BB2215N1 |
1k Mot Ingal o VOOA R1 10 2 -
To Logic To Logic :l: 01uF [ 10UF 0_1LF:|:
Input Input = Cs = =
pins pins - -l T S I1 0uF
RD1 RD2 1 < - -
MNa Ingal 1k § g
- - 16 VDDO 2 fB2 1 Lr
VDDO ' + YV
REF SEL 3 | | BLMBEB221SM 1 |
et
o T T4 %T
SE.O 4 <=L 0 1uF L L 10UF D,1LF_
5 = - -
—lSEL1 5l 2
CE G LOCK DT
_
e R2 Place e=ach 0.1luF bypass cap
V. 27 directly adjacent to its
corresponding VDD, VIOIAR or
3.3V VDDO pin.
R3 R4
12r 120
i j = r}] 12 —
CLKO -
Zo =50 Chi
; 1y nao R5
15
@ wA—07% )
33
- RE R7
g245 825
LVPECL Driver
LVCMOS Receiv er
Use the IC terminations oD
shown when BC coupling 8
LVPECL or LVDS. 0
14 =
@& 50
RI10
LVCMOS Receiv er
LVDSDriver [a] g
R12 5
3.k @ ©
’ J__

Figure 4. 1CS8402721 Schematic Example

SYNCHRONOUS ETHERNET FREQUENCY TRANSLATOR

© 2019 Renesas Electronics Corporation



RRENESANS

Power Considerations

This section provides information on power dissipation and junction temperature for the ICS840272I.
Equations and example calculations are also provided.

1. Power Dissipation.

The total power dissipation for the ICS840272l 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 Vpp = 3.3V + 5% = 3.465V, which gives worst case results.

° Power (Core)MAX = VDD_MAX * (IDD + IDDA+ lDDO) = 3.465V *(57mA +11mA + 5mA) =252.9mW
e Output Impedance Rgyt Power Dissipation due to Loading 50Q to Vpp/2
Output Current lOUT = VDD_MAX /]2 * (50Q + ROUT)] =3.465V /[2 * (50Q + 17Q)] = 25.86mA

*  Total Power Dissipation on the Royt per LVCMOS output
Power (Rout) = Rout * (loum)? = 17Q * (25.86mA)? = 11.4mW per output
Total Power (Royt) = 11.4mW * 2 = 22.8mW

Total Power Dissipation

¢ Total Power
= Power (core)yax + Total Power (RoyTt)
=252.9mW + 22.8mW
= 275.7mW

2. Junction Temperature.

Junction temperature, Tj, is the temperature at the junction of the bond wire and bond pad directly affects the reliability of the device. The
maximum recommended junction temperature is 125°C. Limiting the internal transistor junction temperature, Tj, to 125°C ensures that the bond
wire and bond pad temperature remains below 125°C.

The equation for Tj is as follows: Tj = 65 * Pd_total + Ty

Tj = Junction Temperature

6,4 = 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 no air flow and
a multi-layer board, the appropriate value is 81.2°C/W per Table 6 below.

Therefore, Tj for an ambient temperature of 85°C with all outputs switching is:
85°C + 0.276W *81.2°C/W = 107.4°C. This is 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 (multi-layer).

Table 6. Thermal Resistance 0, for 16-Lead TSSOP, Forced Convection

6, by Velocity
Meters per Second 0 1 25
Multi-Layer PCB, JEDEC Standard Test Boards 81.2°C/W 73.9°C/W 70.2°C/W
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Reliability Information
Table 7. 0, vs. Air Flow Table for a 16-Lead TSSOP

0,4 vs. Air Flow

Meters per Second

0

1

25

Multi-Layer PCB, JEDEC Standard Test Boards

81.2°C/W

73.9°C/W

70.2°C/W

Transistor Count
The transistor count for ICS8402721: 3326

Package Outline and Package Dimensions

Package Outline - G Suffix for 16-Lead TSSOP

=[aaa[C]|

Table 8. Package Dimensions for 16-Lead TSSOP

All Dimensions in Millimeters

Symbol Minimum Maximum
N 16
A 1.20
A1 0.05 0.15
A2 0.80 1.05
b 0.19 0.30
c 0.09 0.20
D 4.90 5.10
E 6.40 Basic
E1 4.30 4.50
e 0.65 Basic
L 0.45 0.75
0° 8°
aaa 0.10

Reference Document: JEDEC Publication 95, MO-153
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Ordering Information
Table 9. Ordering Information

Part/Order Number Marking Package Shipping Packaging Temperature
840272AGILF 40272AIL “Lead-Free” 16-Lead TSSOP Tube -40°C to 85°C
840272AGILFT 40272AIL “Lead-Free” 16-Lead TSSOP Tape & Reel -40°C to 85°C

REVISIONA 06/19/14 © 2019 Renesas Electronics Corporation



RRENESANS

Revision History Sheet

Rev Table Page | Description of Change Date
10 Updated Differential Clock Input Interface drawings.
A 11-12 | Updated schematic and schematic text. 6/19/2014
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