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GENERAL DESCRIPTION FEATURES

The 87950l is a low voltage, low skew 1-9 LVCMOS/LVTTL e Fully integrated PLL

Clock Generator. With output frequencies up to 250MHz the .

87950I is targeted for high performance clock applications. * 9 single ended 3.3V LVCMOS/LVTTL outputs
Along with a fully integrated PLL the 87950l contains frequency e Selectable CLK or single ended crystal inputs
configurable outputs. e Maximum output frequency: 250MHz

e Maximum VCO range: 240MHz to 500MHz

o Cycle-to-cycle jitter: +100 (typical)
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TaBLE 1. PiN DESCRIPTIONS

Number Name Type Description
1 Vooa Power Analog supply pin.
Selects divide value for Bank feedback output as described in
2 FBDIV_SEL | Input | Pulldown |01 3£, LVCMOS / LVTTL interface levels.
Selects divide value for Bank A output as described in Table 3D.
3 DIV_SELA | Input | Pulldown |\ o0 / LVTTL interface levels.
Selects divide value for Bank B output as described in Table 3D.
4 DIV_SELB | Input | Pulldown || \/epos / LVTTL interface levels.
Selects divide value for Bank C outputs as described in Table 3D.
5 DIV_SELC | Input | Pulldown ||\ cpos / LVTTL interface levels.
Selects divide value for Bank D outputs as described in Table 3D.
6 DIV_SELD | Input | Pulldown ||\ cpos / LVTTL interface levels.
7,18,17,
21, 25, 29 GND Power Power supply ground.
8, XTAL_IN, XTAL_ Inout Crystal oscillator interface. XTAL_IN is the input,
9 ouT P XTAL_OUT is the output.
Active High Master Reset. Active Low Output Enable. When logic HIGH,
the internal dividers are reset and the outputs are tri-stated (HiZ). When
10 MR/nOE Input | Pulldown logic LOW, the internal dividers and the outputs are enabled. LVCMOS /
LVTTL interface levels.
11,15, 19, .
23 27 Voo Power Output supply pins.
12, 14, QD4, QD3, Outout Bank D clock outputs. 7Q typical output impedance.
16, 18, 20 | QD2, QD1, QDO P LVCMOS / LVTTL interface levels.
Bank C clock outputs. 7Q typical output impedance.
22,24 QC1,QCo | Output LVCMOS / LVTTL interface levels.
Bank B clock output. 7Q typical output impedance.
26 QB Output LVCMOS / LVTTL interface levels.
Bank A clock output. 7Q typical output impedance.
28 QA Output LVCMOS / LVTTL interface levels.
30 CLK Input | Pulldown [LVCMOS / LVTTL phase detector reference clock input.
Selects between the PLL and the reference clock as the input to the
31 PLL_SEL Input | Pulldown [dividers. When HIGH, selects PLL. When LOW, selects the reference
clock. LVCMOS / LVTTL interface levels.
Clock select input. When HIGH, selects CLK. When LOW,
82 CLK_SEL Input | Pulldown | <o e cts XTAL_IN, XTAL _OUT. LVCMOS / LVTTL interface levels.

NOTE: refers to internal input resistors. See Table 2, Pin Characteristics, for typical values.

TaBLE 2. PIN CHARACTERISTICS

Symbol |Parameter Test Conditions Minimum | Typical | Maximum | Units
Cn Input Capacitance 4 pF
(O Power Dissipation Capacitance (per output) Vooa Voo = 3-47V 25 pF
Reuoown |INput Pulldown Resistor 51 kQ
Rour Output Impedance 5 7 12 Q
LOW SKEW, 1-TO-9 2 REVISION C 11/6/15
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TaBLE 3A. Output ConTROL PIN FuncTiON TABLE

Inputs Outputs
MR/nOE QA QB QCo, QC1 QDO0:QD4
1 Hiz Hiz Hiz Hiz
0 Enabled Enabled Enabled Enabled

TasLe 3B. OperaTiNG Mobpe FuncTion TABLE

Inputs .
Operating Mode
PLL_SEL
0 Bypass
PLL

TasLe 3C. PLL INnpuT FuncTiON TABLE

Inputs

CLK_SEL

PLL Input

0

XTAL Oscillator

CLK

TasLE 3D. ProgramMABLE OutPuT FREQUENCY FuncTion TaBLE For FBDIV-SEL

Inputs
FBDIV_SEL Function
1 +8
0 +16

REVISION C 11/6/15
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TasLE 3E. ProgRAMMABLE OutPuT FREQUENCY FuNcTiON TABLE

Inputs Outputs
DIV_SELA DIV_SELB DIV_SELC DIV_SELD QA QB QCx QDx
0 0 0 0 VCO/2 VCO/4 VCO/4 VCO/4
0 0 0 1 VCO/2 VCO/4 VCO/4 VCO/8
0 0 1 0 VCO/2 VCO/4 VCO/8 VCO/4
0 0 1 1 VCO/2 VCO/4 VCO/8 VCO/8
0 1 0 0 VCO/2 VCO/8 VCO/4 VCO/4
0 1 0 1 VCO/2 VCO/8 VCO/4 VCO/8
0 1 1 0 VCO/2 VCO/8 VCO/8 VCO/4
0 1 1 1 VCO/2 VCO/8 VCO/8 VCO/8
1 0 0 0 VCO/4 VCO/4 VCO/4 VCO/4
1 0 0 1 VCO/4 VCO/4 VCO/4 VCO/8
1 0 1 0 VCO/4 VCO/4 VCO/8 VCO/4
1 0 1 1 VCO/4 VCO/4 VCO/8 VCO/8
1 1 0 0 VCO/4 VCO/8 VCO/4 VCO/4
1 1 0 1 VCO/4 VCO/8 VCO/4 VCO/8
1 1 1 0 VCO/4 VCO/8 VCO/8 VCO/4
1 1 1 1 VCO/4 VCO/8 VCO/8 VCO/8
TaBLE 3F. INpuT REFERENCE vs. OuTPUT FREQUENCY RELATIONSHIP
Inputs Outputs
DIV_SELA | DIV_SELB | DIV_SELC | DIV_SELD FBOIV_SEL =1 FBOIV SEL=0
QA QB | QCx | QDx | QA QB | QCx | QDx
0 0 0 0 4x 2x 2x 2x 8x 4x 4x 4x
0 0 0 1 4x 2x 2x X 8x 4x 4x 2x
0 0 1 0 4x 2x 2x 8x 4x 2x 4x
0 0 1 1 4x 2x X 8x 4x 2x 2x
0 1 0 0 4x X 2x 2x 8x 2x 4x 4x
0 1 0 1 4x X 2x X 8x 2x 4x 2x
0 1 1 0 4x X 2x 8x 2x 2x 4x
0 1 1 1 4x X X 8x 2x 2x 2x
1 0 0 0 2x 2x 2x 2x 4x 4x 4x 4x
1 0 0 1 2x 2x 2x X 4x 4x 4x 2x
1 0 1 0 2x 2x 2x 4x 4x 2x 4x
1 0 1 1 2x 2x X 4x 4x 2x 2x
1 1 0 0 2x X 2x 2x 4x 2x 4x 4x
1 1 0 1 2x X 2x X 4x 2x 4x 2x
1 1 1 0 2x X 2x 4x 2x 2x 4x
1 1 1 1 2x X X 4x 2x 2x 2x

LOW SKEW, 1-TO-9
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ABsoLuTE Maximum RATINGS

Supply Voltage, Vi, 4.6V NOTE: Stresses beyond those listed under Absolute
Inputs, V -0.5VtoV, ,+ 0.5V Maximum Ratings may cause permanent damage to the

device. These ratings are stress specifications only. Functional
Outputs, V, -0.5V toV,,,+ 0.5V operation of product at these conditions or any conditions
Package Thermal Impedance, 6,  42.1°C/W (0 Ifom) beyond those listed in the DC Characteristics or AC Charac-

teristics is not implied. Exposure to absolute maximum rating
Storage Temperature, T, -65°C to 150°C conditions for extended periods may affect product reliability.

TasLE 4A. Power SuppLy DC CHARACTERISTICS, V=V = 3.83V+5%, Ta = -40°C 10 85°C

Symbol [Parameter Test Conditions Minimum | Typical | Maximum | Units
Vooa Analog Supply Voltage 3.135 3.3 3.465 \Y
Vooo Output Supply Voltage 3.135 3.3 3.465 \Y
looa Analog Supply Current 15 mA
Iooo Output Supply Current 115 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
\'A Input Low Voltage -0.3 0.8 \Y
I Input Current Vipa =V, = 3.465V 120 pA
Vou Output High Voltage; NOTE 1 2.6 \
Vo Output Low Voltage; NOTE 1 0.5 \

NOTE 1: Outputs terminated with 50Q to V__ /2

DDO ="

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

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

Frequency 15 40 MHz
Equivalent Series Resistance (ESR) 50 Q
Shunt Capacitance 7 pF
Drive Level 1 mW

TasLE 6. PLL INpuT REFERENCE CHARACTERISTICS, V=V = 3.3V+5%, Ta = -40°C 10 85°C

Symbol |Parameter Test Conditions Minimum | Typical | Maximum | Units
foer Input Reference Frequency; NOTE 1 15 62.5 MHz
NOTE 1: Maximum and minimum input reference is limited by the VCO lock range and the feedback divider for the
CLK input.

REVISION C 11/6/15 5 LOW SKEW, 1-TO-9
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TasLE 7. AC CHARACTERISTICS, V=V, .= 3.3V+5%, Ta = -40°C 10 85°C

Symbol |Parameter Test Conditions Minimum Typical Maximum Units
+2 250 MHz
fiax Output Frequency +4 125 MHz
+8 62.5 MHz
fueo PLL VCO Lock Range 240 500 MHz
Outout Sk Same Frequency 375 ps
utput Skew;
™KO)  [NoTE 14 | Difierent Frequency | QA fuux < 150MHz 500 ps
QAf,,,, > 150MHz 750 ps
Tjit(cc) | Cycle-to-Cycle Jitter; NOTE 2, 4 +100 ps
t, PLL Lock Time; NOTE 4 10 mS
to/ Output Rise/Fall Time 0.8V to 2V 0.1 1 ns
tow Output Pulse Width; NOTE 3 toemon/2 - 1000 toeroo/2 + 1000 | ps
to, toyy  |Output Enable Time 6 ns
to2s oy, |Output Disable Time 7 ns

All parameters measured atf

MAX

unless noted otherwise.

NOTE 1: Defined as skew between outputs at the same supply voltage and with equal load conditions.

Measured
NOTE 2:J

atV,,./2.
itter performance using Xtal inputs.

NOTE 3: Measured using CLK.
NOTE 4: This parameter is defined in accordance with JEDEC Standard 65.
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PARAMETER MEASUREMENT INFORMATION
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APPLICATION INFORMATION

PoweR SuppLy FILTERING TECHNIQUES

As in any high speed analog circuitry, the power supply pins
are vulnerable to random noise. The 87950l provides separate . 33V
power supplies to isolate any high switching noise from the J
outputs to the internal PLL. Vppo and Vpp,s 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 isolation is required. Figure 1
illustrates how a 10Q resistor along with a 10uF and a .01uF
bypass capacitor should be connected to each Vpp, pin.

Ficure 1. Power SuppLy FILTERING

CRysTAL INPUT INTERFACE

The 879501 has been characterized with 18pF parallel
resonant crystals. The capacitor values, C1 and C2, shown in
Figure 2 below were determined using a 25MHz, 18pF parallel
resonant crystal and were chosen to minimize the ppm error.

These same capacitor values will tune any 18pF parallel res-
onant crystal over the frequency range and other parameters
specified in this data sheet. The optimum C1 and C2 values can
be slightly adjusted for different board layouts.

) XTAL_IN
C1
22p

x1 =3 )
18pF Parallel Cry stal

) XTAL_OUT
C2
22p

Ficure 2. CrysTAL INPUT INTERFACE

LOW SKEW, 1-TO-9
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RELIABILITY INFORMATION

TaBLE 8.0 JAVS- AR FLow TaBLE For 32 LEap LQFP

6ua by Velocity (Linear Feet per Minute)

0 200 500
Single-Layer PCB, JEDEC Standard Test Boards 67.8°C/W 55.9°C/W 50.1°C/W
Multi-Layer PCB, JEDEC Standard Test Boards 47.9°C/W 42 1°C/W 39.4°C/W

NOTE: Most modern PCB designs use multi-layered boards. The data in the second row pertains to most designs.

TraNsIsTOR COUNT
The transistor count for 87950l is: 2674

REVISION C 11/6/15 9 LOW SKEW, 1-TO-9
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PackaGge OuTLINE - Y Surrix For 32 Leap LQFP
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TaBLE 9. PackaGE DIMENSIONS
JEDEC VARIATION
ALL DIMENSIONS IN MILLIMETERS
BBA
SYMBOL
MINIMUM NOMINAL MAXIMUM
N 32
A - - 1.60
A1 0.05 -- 0.15
A2 1.35 1.40 1.45
b 0.30 0.37 0.45
c 0.09 -- 0.20
D 9.00 BASIC
D1 7.00 BASIC
D2 5.60 Ref.
E 9.00 BASIC
E1 7.00 BASIC
E2 5.60 Ref.
0.80 BASIC
0.45 0.60 0.75
0° -- 7°
ccc -- -- 0.10

Reference Document: JEDEC Publication 95, MS-026
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TasLE 10. ORDERING INFORMATION

Part/Order Number Marking Package Shipping Packaging | Temperature
87950BYILF ICS87950BYIL 32 Lead “Lead-Free” LQFP tray -40°C to 85°C
87950BYILFT ICS87950BYIL 32 Lead “Lead-Free” LQFP 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.

REVISION C 11/6/15
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REVISION HISTORY SHEET
Rev Table Page Description of Change Date
1 Features Section - added Lead-Free bullet.
T5 5 Crystal Characteristics Table - added Drive Level.
B T10 11 Ordering Information Table - added Lead-Free part number and note. 6/14/05
Changed XTAL1/2 naming convention to XTAL_IN/_OUT throughout the data-
sheet.
B T10 11 Ordering Information - Added Lead-Free Marking. 9/8/08
Updated datasheet’s header/footer with IDT from ICS.
C T10 11 Removed ICS prefix from Part/Order Number column. 7/16/10
13 Added Contact Page.
T10 11 Ordering Information - removed leaded devices, PDN CQ-13-02
C 2/18/15
Updated data sheet format
c 1 Product Discontinuation Notice - Last time buy expires November 2, 2016. 11/6/15
PDN# CQ-15-05.
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DISCLAIMER Integrated Device Technology, Inc. (IDT) and its subsidiaries reserve the right to modify the products and/or specifications described herein at any time and at IDT’s sole discretion. All information in
this document, including descriptions of product features and performance, is subject to change without notice. Performance specifications and the operating parameters of the described products are determined
in the 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, wheth-
er 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 reason-
ably 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 registered trademarks of IDT. Other trademarks and service marks used herein, including protected names, logos and designs, are the property of IDT or
their respective third party owners.
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