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Datasheet

9FGS9093

Clock Generator for P9 Systems

The 9FGS9093 is a simple, cost-effective, very high-
performance clock generator supporting P9 and Open
Power systems. It provides four low-jitter, 133 1/3MHz
LP-HCSL outputs with or without spread spectrum.

Applications

= 1,2, 3, and 4 socket P9 and Open Power systems

Key Specifications

DIF cycle-to-cycle jitter < 50ps

DIF output-to-output skew < 100ps
OUTI3:0] phase jitter: 313ps rms (12kHz—20MHz)

with SSC off

OUT[3:0] phase jitter is PCle Gen1-3 with SSC

on/off
REF phase jitter: 190fs rms

Block Diagram

Features
= 3.3V power supply; easy power supply hookup

OE[B:A] pins allow different power states

85Q output impedance; eliminates up to 16

resistors and eases board routing

Configuration selected via strapping pins or 12C;
I2C interface not required for device control

350mW power consumption at 3.3V, reduces
thermal concerns

I2C address is 0b1101011x, where x is the

write/read bit

4 x 4 mm 24-VFQFPN; minimal board space

Output Features

= Four Low-Power HCSL (LP-HCSL) spread
spectrum capable outputs at 133 1/3MHz

= Two 3.3V LVCMOS REF outputs at 33 1/3MHz

XIN/CLKIN : REF1
33 1/3MHz=— U REFO
OouT3
XO
OUT3#
vSEL_I2C# OUT2#
ASELO/SCL S PLL ouT2
ASEL1/SDA ‘g OUT1#
AOEA o OuUT1
"OEB OUTO#
OouTo
Table 1. OE Mapping
OE[B:A] OouTo OouT1 OuT2 ouT3 REF0 REF1
00 Running Low/Low Low/Low Low/Low Running Running
01 Running Running Low/Low Low/Low Running Running
10 Running Running Running Low/Low Running Running
1 Running Running Running Running Running Running
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9FGS9093 Datasheet

1. Pin Information

1.1 Pin Assignments

H*
Q
I
—
3 L Note: The
w N o
L o © S % order of OUT3
SLS32R isreersed
Qx 2233 fromouTo:2
24 23 22 21 20 19
XIN/CLKIN| 1 18|vVDDO2
X0l|2 17|OUT2
9FGS9093
REF1[3 16|OUT2#
connect EPAD
VvSELO/SCL|4 to GND 15|VDDO1
VvSEL1/SDA|5 14|OUT1
NOEA|6 13|OUT1#
7 8 9 10 11 12
O Mmoo #FF © o
5 o © = O
86>535
o < a O g
Qe
S (@]

4 x 4 mm 24-VFQFPN, 0.5mm pitch
A prefix indicates internal 120kOhm pull-up resistor
v prefix indicates internal 120kOhm pull-down resistor

1.2 Pin Descriptions

Pin Number Pin Name Type Description

1 XIN/CLKIN Input | Crystal input or reference clock input.

2 XO Output | Crystal output.

3 REF1 Output | LVCMOS reference output.
Select pin for internal frequency configurations/I2C clock pin. Function is determined

4 VSELO/SCL Input by state of SEL_I2C# upon power-up. This pin has an internal pull-down.

5 VSEL1/SDA e Select pin for internal frequency conflguralltlorllsll C datg pin. Function is determined
by state of SEL_I2C# upon power-up. This pin has an internal pull-down.
Active high input for enabling outputs. This pin has an internal pull-up resistor.

6 AOEA Input .
0 = disable outputs, 1 = enable outputs.

7 VDDDIG3.3 Power | 3.3V digital power (dirty power).
Active high input for enabling outputs. This pin has an internal pull-up resistor.

8 A"OEB Input .
0 = disable outputs, 1 = enable outputs.

9 OTP_ VPP Power Voltage for programming OTP. Qurlng normal operation, this pin should be
connected to the same power rail as Vppp.

10 ouTO# Output | Complementary output clock 0.

11 OouTO Output | Output clock 0.
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9FGS9093 Datasheet

Pin Number Pin Name Type Description
12 VDDOO Power | Power supply for output 0.
13 OUT1# Output | Complementary output clock 1.
14 OuUT1 Output | Output clock 1.
15 VDDO1 Power | Power supply for output 1.
16 OuT2# Output | Complementary output clock 2.
17 ouT2 Output | Output clock 2.
18 VDDO2 Power | Power supply for output 2.
19 OouT3 Output | Output clock 3.
20 OuT3# Output | Complementary output clock 3.
21 VDDO3 Power | Power supply for output 3.
22 VDDA3.3 Power | 3.3V power for the PLL core.
Latched input/LVCMOS output. At power-up, the state of this pin is latched to select
23 VREEO SEL 12C# Latched |the state qf thfe 12C pins: After power-up, the pin acts as a LVCMOS reference
= I/O output. This pin has an internal pull-down.
1 = SELO/SEL1, 0 = SCL/SDA.
24 VDDREF3.3 Power | Power supply for REF output, nominally 3.3V.
25 EPAD GND | Connect to ground.
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9FGS9093 Datasheet

2. Specifications

2.1 Absolute Maximum Ratings

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such

conditions can adversely impact product reliability and result in failures not covered by warranty.

Parameter

Rating

Supply Voltage, Vppa, Vpob, Vbobo

3.465V

Storage Temperature, Tgrg

-65°C to 150°C

Junction Temperature

125°C

XIN/REF Input

0V to 1.2V voltage swing

Other Inputs

-0.5Vto VDDD

LVCMOS Outputs

-0.5V to Vppo + 0.5V

I/0 (SDA) Output 10mA
2.2 ESD Ratings
ESD Model/Test Rating Unit
Human Body Model (Tested per JS-001-2017) 2000 \%
2.3 Recommended Operating Conditions
Symbol Parameter Minimum | Typical | Maximum | Unit
Vppox Power supply voltage for supporting 3.3V outputs. 3.135 3.3 3.465 \%
Vbbb Power supply voltage for core logic functions. 3.135 3.3 3.465 \
Vooa Anglog power supply voltage. Use filtered analog power supply if 3135 33 3465 Vv
available.
Ta Operating temperature, ambient. -40 85 °C
CLoap_out | Maximum load capacitance (33.33MHz XTAL). 8 pF
Fin External reference crystal. 33 1/3 MHz
Power up time for all Vpps to reach minimum specified voltage (power
tPU . 0.05 5 ms
ramps must be monotonic).
2.4 Thermal Specifications
Symbol Parameter Value Unit
8,c Junction to case. 61.7 °C/W
0,5 Junction to base. 54 °C/W
6,a0 Junction to air, still air. 50.1 °C/W
6,A1 Junction to air, 1 m/s air flow. 43.1 °C/W
0,a3 Junction to air, 3 m/s air flow. 40.7 °C/W
0,a5 Junction to air, 5 m/s air flow. 37.7 °C/W
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2.5

Electrical Specifications

Vppx = 3.3V 5%, Ty = -40°C to +85°C unless stated otherwise. Ty g = over the specified operating range.
Supply voltages per normal operation conditions. See Test Loads for loading conditions.

Table 2. Input Capacitance, LVCMOS Output Impedance, and Internal Pull-down Resistance

Parameter Symbol Minimum Typical Maximum Unit
Input Capacitance (OEA, OEB, SEL1/SDA, SELO/SCL, c ) 3 7 F
REF0_SEL_I2C#) IN P
Pull-up or Pull-down Resistor (OEA, OEB, SEL1/SDA, Rpp 100 i 300 KO
SELO/SCL, REFO_SEL_I2C#) Rpy
LVCMOS Output Driver Impedance (Vppo = 1.8V, 2.5V,
ROUT - 17 - Q
3.3V)
Programmable Capacitance at XIN/CLKIN and XO (X1 in XIN/CLKIN, XO ) 8 ) oF
parallel with X2)
Table 3. Current Consumption
Parameter Symbol Conditions Minimum Typical Maximum | Unit
133.333MHz on all outputs
1 ’ -
Core Supply Current IbDCORE 33.33MHz REFCLK, SSC on. 29 35 mA
LP-HCSL, 133.333MHz, total
Vppo current, SSC on. [2 ) 51 61 mA
Output Buffer Supply Current Ibpo REF, 33.33MHz, Vpprer 29 _ 7 8 mA
OE[B:A] = 00, SSC on. [2 - 22 26 mA
1. Ippcore = Ippa* Ibop-
2. See Test Loads.
3. Both REF active, includes XO current.
Table 4. DC Electrical Characteristics for Single-ended Inputs and Outputs
Parameter Symbol Conditions Minimum Typical Maximum Unit
Output High Voltage Vou |lon =-15mA. 24 3.1 Vppo \Y
Output Low Voltage VoL |loL=15mA. 0.22 0.4 \Y
Output Leakage Current . _
(OUT[3:0]) lozpp | Tri-state outputs, Vppo = 3.465V. -5 5 MA
Output Leakage Current .
(REF[1 0]) 9 IOZDD Tri-state outputs, VDDREF = 3.465V. -5 5 IJA
. Single-ended inputs — OE[B:A], SEL1/SDA,
Input High Voltage ViH SELO/SCL. 0.7 xVpppig Vpppig *+ 0.3 \%
Single-ended inputs — OE[B:A], SEL1/SDA,
Input Low Voltage Vi SELO/SCL. GND-0.3 0.8 Vv
Input High Voltage ViH 2 Vppreg + 0.3 \%
Single-ended input REFO_SEL_12C#.
Input Low Voltage ViL GND-0.3 0.4 Vv
Input High Voltage ViHxin 0.8 1.2 \
Single-ended input — XIN/CLKIN.
Input Low Voltage VLxin GND-0.3 0.4 \
Input Rise/Fall Time tr/tr | OE[B:A], SEL1/SDA, SEL0/SCL. 300 ns
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Table 5. OUTx Differential Low-Power HCSL Outputs

Parameter Symbol Conditions Minimum | Typical | Maximum | Unit

Slew Rate [11[2[3] dv/dt | Scope averaging on. 2 2.65 4 Vins

Slew Rate Matching ['112113] AdV/dt | Scope averaging on. - 7 20 %

Voltage High [4I[3] Vuien | Statistical measurement on single- 660 780 850 mV
ended signal using oscilloscope math

Voltage Low 4] Viow | function (scope averaging on). -150 20 150 mV

Maximum Voltage Vymaxivum | Measurement on single-ended signal - 803 1150 mV
using absolute value (scope

Minimum Voltage VMINIMUM | averaging off). -300 -54 - mV

Crossing Voltage Value [11416] Vcross | Scope averaging off. 250 447 550 mvV

Crossing Voltage Variation Il7] | AVogross | Scope averaging off. - 16 140 mV

1.

Confirmed by design and characterization. Not 100% tested in production.

2. Measured from differential waveform.

Slew rate is measured through the Vswing voltage range centered around differential OV. This results in a +150mV window around

differential OV.

4. Measured from single-ended waveform.

5. Measured with scope averaging off, using statistics function. Variation is difference between minimum and maximum.
6. Vcross 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).
7. The total variation of all Vcross measurements in any particular system. Note that this is a subset of Vorogg minimum/maximum
(Vcross absolute) allowed. The intent is to limit Vcross induced modulation by setting AVcrosg to be smaller than Verogg absolute.
Table 6. AC Timing Electrical Characteristics
Parameter Symbol Conditions Minimum | Typical | Maximum | Unit
Input Frequency fin Input frequency (XIN/CLKIN). - 331/3 - MHz
REF clock (LVCMOS). - 331/3 - MHz
Output Frequency fouT
OUTXx clock (LP-HCSL). - 133 1/3 - MHz
Input Duty Cycle t2 Duty cycle. [1] 45 50 55 %
OUTI[3:0], outputs.['] 45 50.3 55 %
Output Duty Cycle t3
REF[1:0], outputs. [] 45 49.7 55 %
[ [
Slew Rate 5 LVCMOS_ REF 011.|tput (20% to 80% of VppRreF) 25 34 45 Vins
Voprer = 3.3V. [1]
OUTI3:0] across all frequency configurations. [1] - 23 55 ps
Cycle-to-Cycle Jitter t6
REF[1:0] across all frequency configurations. [] - 20 30 ps
Output-to-Output Skew t7 OuUT[3:0]. "] - 36 55 ps
Lock Time t8 PLL lock time from power-up. [213] - 45 10 ms
1. Confirmed by design and characterization. Not 100% tested in production.
2. Includes loading the configuration bits from EPROM to PLL registers. It does not include EPROM program minimum/write time.
3. Actual PLL lock time depends on the loop configuration.
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Table 7. Phase Jitter Specifications — OUT[3:0]

Parameter Symbol Conditions Minimum | Typical | Maximum Unit
GbE Random Jitter OUT[3:0] SSC OFF. See Table 10 for
(12kHz—20MHz) [1] JGbE Configurations. ) 313 375 fs (rms)
1. Confirmed by design and characterization.
Table 8. Phase Jitter Specifications — REF[1:0]
Parameter Symbol Conditions Minimum | Typical | Maximum Unit
Noise Floor [] tiaBotk 1kHz offset. - -138 -130 dBc
Noise Floor [] taB10k 10kHz offset to Nyquist. - -152 -145 dBc
Jitter, Phase [1] tiphREF 12kHz to 5SMHz. - 190 275 fs (rms)
1. Confirmed by design and characterization.
Table 9. Filtered Phase Jitter Parameters — PCle Common Clocked (CC) Architectures
Parameter Symbol Conditions Minimum | Typical | Maximum sPefilrfr'l?tastlon Unit
Phase Jitter ps
: [1121[31141 -
Peak-to-Peak thhPCIeG1—CC PCle Gen1. 19 36 86 (p_p)
PCle Gen2 Low Band
10kHz <f <1.5MHz ps
Phase Jitter RMS (PLL BW of 5-16MHz, - 0.45 1.0 3
8-16MHz, CDR = 5MHz). (rms)
t (1112131141
iphPCleG2-CC
PCle Gen2 High Band 1.5MHz
. <f <Nyquist (50MHz) (PLL BW of ps
Phase Jitter RMS 5_16MHz, 8-16MHz, - 1.6 3.1 3.1 (rms)
CDR = 5MHz). [I1213]4]
PCle Gen3 (PLL BW of ps
Phase Jitter RMS tjphPCIeG3-CC 2—4MHZ, 2—5MHZ, - 0.4 0.7 1
CDR = 10MHz). [1I2113]14] (rms)
1. Applies to all differential outputs, guaranteed by design and characterization.
2. Based on PCle Base Specification Rev4.0 version 0.7draft. See http://www.pcisig.com for latest specifications.
3. Sample size of at least 100K cycles. This figure extrapolates to 108ps pk-pk at 1M cycles for a BER of 1-12,
4. Jitter is from the PCle jitter filter combination that produces the highest jitter and includes spread spectrum where applicable.
Table 10. Test Frequencies for Jitter Measurements
CFG [1:0] (SEL[1:0]) XTAL In/ REF Out ouTo OuUT1 ouT2 OouT3 Unit
00 33173 133 1/3 SSC on at-0.5%
MHz
01 331/3 133 1/3 SSC Off
Table 11. Spread Spectrum Generation Specifications
Parameter Symbol Conditions Minimum | Typical | Maximum | Unit
Mod. Frequency fMoD | See Table 10 for configurations using 30 31.465 33 kHz
Spread Percent — Down Spread | Spread% | SPread spectrum. -0.496 0.5 %
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3. TestLoads
————— -
:_ | « | Test
| : Point
| Zo
I | Rs
| I —CL
' |
I .
Single-Ended Output Test Load -
Figure 1. Single-Ended Output Test Load
Table 12. Parameters for Single-Ended Output Test Load
Rs (Q) Zo (Q) L (inches) C. (pF)
33 50 12 47
Low-Power HCSL Output Test Load _
(standard PCle source-terminated test load)
T T T T T I
I ! «— L —> “
I I
| | r . . :> Test
I I Differential Zo Points
| I
I I C
S | |
Figure 2. Low-Power HCSL Output Test Load
Table 13. Parameters for Low-Power HCSL Output Test Load
Rs (Q) Zo (Q) L (inches) C. (pF)
Internal 85 12 2
7.5 100 12 2
4. 12C Bus Characteristics
Table 14. I2C Bus DC Characteristics
Parameter Symbol Conditions Minimum Typical Maximum Unit
Input High Level ViH - 0.7 X Vpppig - - \%
Input Low Level \ - - - 0.3 x Vpppig Vv
Hysteresis of Inputs Vuys - 0.05 x Vpppig | 0.16 X Vpppig Vv
Input Leakage Current N - -1 74 30 pA
Output Low Voltage VoL loL = 3mA. - - 0.4 \Y
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Table 15. 12C Bus AC Characteristics

Parameter Symbol Conditions Minimum Typical Maximum | Unit
Serial Clock Frequency (SCL) FscLk - 10 400 kHz
Bus Free Time between STOP and START tsuF - 1.3 0.06 - us
Setup Time, START tsu:START - 0.6 0.02 - us
Hold Time, START tHD:START - 0.6 0.03 - ps
Setup Time, Data Input (SDA) tsu:DATA - 0.1 0.01 - us
Hold Time, Data Input (SDA) tHD:DATA - 0 -0.06 - us
Output Data Valid from Clock tovp - - 0.40 0.9 VIS
Capacitive Load for Each Bus Line Cg - - - 400 pF
Rise Time, Data and Clock (SDA, SCL) tr - 20+0.1xCpg - 300 ns
Fall Time, Data and Clock (SDA, SCL) te - 20+0.1xCg - 300 ns
High Time, Clock (SCL) tHiGH - 0.6 - - [V
Low Time, Clock (SCL) tLow - 1.3 - - us
Setup Time, STOP tsu:stop - 0.6 - - us

Note: A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the V) of the SCL signal) to bridge

the undefined region of the falling edge of SCL.

5. Crystal Characteristics

Table 16. Recommended Crystal Characteristics

Parameter Value Unit
Frequency 331/3 MHz
Resonance Mode Fundamental -
Frequency Tolerance at 25°C 120 ppm maximum
Frequency Stability, REF at 25°C Over Operating Temperature Range 120 ppm maximum
Temperature Range (commercial) 0to 70 °C
Temperature Range (industrial) -40 to 85 °C
Equivalent Series Resistance (ESR) 50 Q maximum
Shunt Capacitance (Cp) 7 pF maximum
Load Capacitance (C|) 8 pF
Drive Level 0.1 mW maximum
Aging per year 15 ppm maximum
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6. Package Outline Drawings

The package outline drawings are located at the end of this document and are accessible from the Renesas
website (see Ordering Information for POD links). The package information is the most current data available and
is subject to change without revision of this document.

7. Marking Diagram

= Lines 1 and 2: part number
+ “G” denotes RoHS compliant package.

IDT9FGS9 . " denotes industrial t
D93CNBGI enotes industrial temperature range.
FYWW$ = Line 3:

* “#” denotes stepping number.

+ “YWW?” denotes the last digit of the year and work week the part
was assembled.

Gkkn

. denotes the lot sequence number.
+ “$” denotes mark code.

8. Ordering Information

Part Number Package Description Carrier Type Temperature Range
9FGS9093CNBGI Tray
4 x 4 mm, 0.50mm pitch 24-VFQFPN -40 to +85°C
9FGS9093CNBGI8 Tape & Reel

“G” indicates Pb-free configuration, RoHS compliant.
“C” is the device revision designator (will not correlate with the datasheet revision).

9. Revision History

Revision Date Description

= Updated Ordering Information part number from 9FGS9093ANBGI/8 to 9FGS9093CNBGI/8.
= Updated pins 4 and 5 in Pin Descriptions to reflect a pull-down resistor.

1.04 Mar 29, 2022 | = Updated Pin Assignments drawing to reflect pins 4 and 5 have a pull-down resistor.

= Updated Marking Diagram.

= Reformatted datasheet to the latest template.

1.03 Oct 9, 2020 Reformatted to Renesas.

= Updated drive level parameter in Crystal Characteristics table.

1.02 Jan31, 2018 . . .
= Updated Package Outline Drawings text and added hyperlink to document.
= Updated Current Consumption LP-HCSL values to 51mA typical and 6 1mA maximum.
1.01 Jun 14, 2017 ) )
= Changed packaging carrier type from “Tubes” to “Tray”.
1.00 Apr 5, 2017 Initial release.
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https://www.renesas.com/us/en/document/psc/24-vfqfpn-package-outline-drawing-40-x-40-x-075-mm-body-05mm-pitch-epad-26-x-26-mm-nbnbg24p2

Package Outline Drawing

’ z Package Code:NBG24P2
u EN ESAS 24-VFQFPN 4.0 x 4.0 x 0.75 mm Body, 0.50 mm Pitch

PSC-4313-02, Revision: 03, Date Created: Jul 20, 2023
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RECOMMENDED LAND PATTERN
(PCB Top View, NSMD Design)
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