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Description
The 9INT31H200 is a 2-output very high-performance HCSL 
fanout buffer for high performance interconnect applications. It 
can be used at speeds up to 350MHz and is compliant to the 
DB200H specification.

Typical Applications
▪ DB200H

▪ Ethernet

▪ PCIe

Output Features
▪ 2 HCSL differential pairs

Key Specifications
▪ Qx output-to-output skew across all outputs: 5ps (typical)

▪ RMS additive phase jitter: 64fs typical (12kHz–20MHz at
156.25MHz)

Features
▪ Extremely low additive phase jitter; supports DB200H

requirements

▪ 3.3V operation; standard industry power supply

▪ 2 OE pins (1 for each output); easy control of clocks to CPU
sockets

▪ HCSL-compatible input; supports popular devices

▪ 1MHz to 350MHz operating frequency; covers all popular
Ethernet frequencies

▪ Space saving 3 × 3 mm 16-QFN; minimal board space

Block Diagram

Table 1.  Power Management

Table 2.  Power Connections

DIF_IN

Q0

Q1

2

DIF_IN#

vOE_[1:0]#

DIF_IN OEx# Pin Qx nQx
Running 1 Low1 Low1

Running 0 Running Running
Not Running X X X

Notes:
1. The outputs are tristated, and the termination networks pulls them low.

VDD GND
4 1

8, 13 5, 9, 16

Pin Number

Input receiver analog
DIF outputs
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Pin Assignments
Figure 1.  Pin Assignments for 3 × 3 mm 16-QFN Package – Top View

Pin Descriptions
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^ prefix indicates internal 120kOhm pull-up resistor

v prefix indicates internal 120kOhm pull-down resistor

9INT31H200

16-QFN, 3 x 3 mm, 0.5mm pitch

Pin# Pin Name Type Pin Description
1 GNDO GND Ground pin for outputs.
2 DIF_IN IN HCSL true input.
3 DIF_IN# IN HCSL complementary input.
4 VDDO3.3 PWR Power supply for outputs, nominally 3.3V.
5 GNDO GND Ground pin for outputs.
6 nQ1 OUT Inverting output of differential pair 1.
7 Q1 OUT Non-inverting output of differential pair 1.
8 VDDO3.3 PWR Power supply for outputs, nominally 3.3V.
9 GND GND Ground pin.

10 IREF OUT
This pin establishes the reference for the differential current-mode output pairs. It requires a fixed 
precision resistor to ground. 475ohm is the standard value for 100ohm differential impedance. 
Other impedances require different values. See data sheet.

11 vOE0# IN
Active low input for enabling output 0. This pin has an internal pull-down.
1 = disable outputs,  0 = enable outputs.

12 vOE1# IN
Active low input for enabling output 1.  This pin has an internal pull-down.
1 = disable outputs,  0 = enable outputs.

13 VDDO3.3 PWR Power supply for outputs, nominally 3.3V.
14 Q0 OUT Non-inverting output of differential pair 0.
15 nQ0 OUT Inverting output of differential pair 0.
16 GNDO GND Ground pin for outputs.
17 EPAD GND Connect epad to ground.
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Absolute Maximum Ratings
The absolute maximum ratings are stress ratings only. Stresses greater than those listed below can cause permanent damage to the 
device. Functional operation of the 9INT31H200 at absolute maximum ratings is not implied. Exposure to absolute maximum rating 
conditions may affect device reliability.

Electrical Characteristics–DIF_IN Clock Input Parameters

Electrical Characteristics–Current Consumption

Parameter Symbol Conditions Minimum Typical Maximum Units Notes
Supply Voltage VDDx 4.6 V 1,2

Input Low Voltage VIL GND-0.5 V 1

Input High Voltage VIH Except for SMBus interface VDD+0.5 V 1,3

Input High Voltage VIHSMB SMBus clock and data pins 5.5 V 1

Storage Temperature Ts -65 150 °C 1

Junction Temperature Tj 125 °C 1
Input ESD protection ESD prot Human Body Model 2000 V 1

1Guaranteed by design and characterization, not 100% tested in production.
2 Operation under these conditions is neither implied nor guaranteed.
3 Not to exceed 4.6V.

TAMB = TCOM or TIND unless otherwise indicated, supply voltages per normal operation conditions; see Test Loads for loading conditions.

Parameter Symbol Conditions Minimum Typical Maximum Units Notes

Input Crossover Voltage - DIF_IN VCROSS Crossover voltage 150 900 mV 1

Input Swing - DIF_IN VSWING Differential value 300 mV 1

Input Slew Rate - DIF_IN dv/dt Measured differentially 0.4 8 V/ns 1,2

Input Leakage Current IIN VIN = VDD , VIN = GND -5 5 uA

Input Duty Cycle dtin Measurement from differential waveform 45 55 % 1
1 Guaranteed by design and characterization, not 100%  tested in production.
2 Slew rate measured through +/-75mV window centered around differential zero.

TA = TIND; supply voltage VDDx = 3.3V +/-5% ; see Test Loads for loading conditions.

Parameter Symbol Conditions Minimum Typical Maximum Units Notes

IDD3.3OP
All outputs running at 350MHz

CL = 2pF; Zo = 85Ω.
65 80 mA -

IDD3.3STBY 1 output running at 350MHz, other output disabled. 50 62 mA -

IDD3.3IDLE
All outputs stopped, input clock 
running at 350MHz or stopped.

35 43 mA -

Operating Supply Current
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Electrical Characteristics–Input/Supply/Common Parameters
TAMB = TCOM or TIND unless otherwise indicated, supply voltages per normal operation conditions; see Test Loads for loading conditions.

Parameter Symbol Conditions Minimum Typical Maximum Units Notes

Supply Voltage VDDx Supply voltage 3.135 3.3 3.465 V

Ambient Operating Temperature TAMB Industrial range (TIND) -40 25 85 °C

Input High Voltage VIH Single-ended inputs 2 VDD + 0.3 V

Input Low Voltage VIL Single-ended inputs GND - 0.3 0.8 V

IIN Single-ended inputs, VIN = GND, VIN = VDD -5 5 µA

IINP

Single-ended inputs

VIN = 0 V; Inputs with internal pull-up resistors

VIN = VDD; Inputs with internal pull-down resistors

-50 50 µA

Input Frequency Fin VDD = 3.3 V 1 350 MHz

Pin Inductance Lpin 7 nH 1

CIN Logic Inputs, except DIF_IN 1.5 5 pF 1

CINDIF_IN DIF_IN differential clock inputs 1.5 2.7 pF 1,4

COUT Output pin capacitance 6 pF 1

Clk Stabilization TSTAB
From VDD Power-Up and after input clock 

stabilization or de-assertion of PD# to 1st clock
0.1 1.8 ms 1,2

OE# Latency tLATOE#
DIF start after OE# assertion

DIF stop after OE# deassertion
4 6 10 clocks 1,2,3

Tdrive_PD# tDRVPD
DIF output enable after

PD# de-assertion
40 300 us 1,3

Tfall tF Fall time of control inputs 5 ns 2

Trise tR Rise time of control inputs 5 ns 2
1 Guaranteed by design and characterization, not 100%  tested in production.
2 Control input must be monotonic from 20%  to 80%  of input swing.
3 Time from deassertion until outputs are > 200 mV.
4 DIF_IN input.

Input Current

Capacitance
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Electrical Characteristics–Qx HCSL/LP-HCSL Outputs

Electrical Characteristics–Qx Output Duty Cycle, Jitter, and Skew 
Characteristics

Electrical Characteristics–Additive Phase Jitter

TAMB = over the specified operating range. Supply voltages per normal operation conditions; see Test Loads for loading conditions.

Parameter Symbol Conditions Minimum Typical Maximum
Industry 

Limit
Units Notes

Slew Rate dV/dt Scope averaging on. 1 1.5 2 0.6 - 4 V/ns 1,2,3
Slew Rate Matching ΔdV/dt Single-ended measurement. 7 15 20 % 1,4

Voltage High Vhigh 625 681 725 850

Voltage Low Vlow -25 14 50 150

Max Voltage Vmax 705 750 1150
Min Voltage Vmin -50 -3 -300

Crossing Voltage (abs) Vcross_abs Scope averaging off. 325 349 375 250 - 550 mV 1,5

Crossing Voltage (var) Δ-Vcross Scope averaging off. 3.4 20 140 mV 1,6

2 Measured from differential waveform.

Statistical measurement on single-ended 
signal using oscilloscope math function 

(scope averaging on).
mV

Measurement on single-ended signal using 
absolute value (scope averaging off).

mV

1Guaranteed by design and characterization, not 100%  tested in production.

3 Slew rate is measured through the Vswing voltage range centered around differential 0V.  This results in a +/-150mV window around differential 0V.
4 Matching applies to rising edge rate for Clock and falling edge rate for Clock#. It is measured using a +/-75mV window centered on the average cross point 
where Clock rising meets Clock# falling. The median cross point is used to calculate the voltage thresholds the oscilloscope is to use for the edge rate 
calculations.
5 Vcross is defined as voltage where Clock = Clock# measured on a component test board and only applies to the differential rising edge (i.e. Clock rising and 
Clock# falling).
6 The total variation of all Vcross measurements in any particular system. Note that this is a subset of Vcross_min/max (Vcross absolute) allowed. The intent is 
to limit Vcross induced modulation by setting Δ-Vcross to be smaller than Vcross absolute.

TA = TIND; supply voltage VDDx = 3.3V +/-5% ; see Test Loads for loading conditions.

Parameter Symbol Conditions Minimum Typical Maximum Units Notes

Duty Cycle Distortion tDCD Measured differentially -0.5 0 0.5 % 1,2

Skew, Input to Output tPD VT =  50% 2.3 2.6 3.1 ps 1

Skew, Output to Output tsk3 Across all outputs, VT =  50% 5 40 ps 1

Jitter, Cycle to cycle additive tjcyc-cycadd Additive 1.1 2 ps 1,3

2 Duty cycle distortion is the difference in duty cycle between the output and the input clock.
3 Measured from differential waveform.

1 Guaranteed by design and characterization, not 100%  tested in production.

TA = TIND; supply voltage VDDx = 3.3V +/-5% ; see Test Loads for loading conditions.

Parameter Symbol Conditions Minimum Typical Maximum Units Notes

Additive Phase Jitter tjph
All outputs running at 156.25MHz,

12kHz to 20MHz 
64 75

fs 
(rms)

1,2,3

1 Applies to all outputs.

3 For RMS figures, additive jitter is calculated by solving the following equation: Additive jitter = SQRT[(total jitter)^2 - (input jitter)^2].

2 Signal source is Wenzel.
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Test Loads

Thermal Characteristics 

[1] ePad soldered to board.

Package Drawings
The package outline drawings are appended at the end of this document and are accessible from the link below. The package information 
is the most current data available. 

www.idt.com/document/psc/16-vfqfpn-package-outline-drawing-30-x-30-x-09-mm-05-mm-170-x-170-mm-epad-nlnlg16p2

Marking Diagram

Table 3.  Thermal Characteristics [1]

Symbol Parameter Typical Value Units

θJC Junction to case 65.8 °C/W

θJb Junction to base 5.1 °C/W

θJA0 Junction to Air, still air 63.2 °C/W

θJA1 Junction to Air, 1 m/s air flow 55.9 °C/W

θJA3 Junction to Air, 3 m/s air flow 51.4 °C/W

θJA5 Junction to Air, 5 m/s air flow 49.2 °C/W

HCSL Differential Output Test Load -Source Terminated

Differential 
Zo

Rs

HCSL Output

Rs RpRp

L

CL

CL

Test 
Points

Differential Output Termination Table
DIF Zo (Ω) L (in) CL (pF) Iref (Ω) Rs (Ω) Rp (Ω)

100 5 2 475 33 50
85 5 2 412 27 42.2 or 43.2

1. “XXX” is the last three characters of the Asm lot.

2. “YYWW” is the last digits of the year and week that the part was assembled. 

3. Line 3 is the truncated part number.

4. “I” denotes industrial temperature.

XXX
YYWW
200I
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DISCLAIMER Integrated Device Technology, Inc. (IDT) and its affiliated companies (herein referred to as “IDT”) reserve the right to modify the products and/or specifications described herein at any time,
without notice, at IDT’s sole discretion. Performance specifications and operating parameters of the described products are determined in an independent state and are not guaranteed to perform the same
way when installed in customer products. The information contained herein is provided without representation or warranty of any kind, whether express or implied, including, but not limited to, the suitability
of IDT's products for any particular purpose, an implied warranty of merchantability, or non-infringement of the intellectual property rights of others. This document is presented only as a guide and does not
convey any license under intellectual property rights of IDT or any third parties.

IDT's products are not intended for use in applications involving extreme environmental conditions or in life support systems or similar devices where the failure or malfunction of an IDT product can be rea-
sonably expected to significantly affect the health or safety of users. Anyone using an IDT product in such a manner does so at their own risk, absent an express, written agreement by IDT.

Integrated Device Technology, IDT and the IDT logo are trademarks or registered trademarks of IDT and its subsidiaries in the United States and other countries. Other trademarks used herein are the property
of IDT or their respective third party owners. For datasheet type definitions and a glossary of common terms, visit www.idt.com/go/glossary. Integrated Device Technology, Inc. All rights reserved. 

Tech Support
www.IDT.com/go/support

Sales
1-800-345-7015 or 408-284-8200
Fax: 408-284-2775
www.IDT.com/go/sales

Corporate Headquarters
6024 Silver Creek Valley Road 
San Jose, CA 95138 USA
www.IDT.com

Ordering Information

Revision History

Orderable Part Number Package Carrier Type Temperature

9INT31H200NLGI 3 × 3 mm, 0.5mm pitch 16-QFN Tray -40° to +85°C

9INT31H200NLGI8 3 × 3 mm, 0.5mm pitch 16-QFN Tape and Reel -40° to +85°C

Revision Date Description of Change

August 9, 2018 Initial release.

www.IDT.com/go/glossary
www.IDT.com/go/glossary
www.IDT.com/go/glossary
www.IDT.com/go/support
www.IDT.com/go/sales
www.IDT.com
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Contact Information
For further information on a product, technology, the most 
up-to-date version of a document, or your nearest sales 
office, please visit www.renesas.com/contact-us/. 

Trademarks
Renesas and the Renesas logo are trademarks of Renesas 
Electronics Corporation. All trademarks and registered 
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (“RENESAS”) PROVIDES TECHNICAL 
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granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims 
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