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Intelligent PCle Clock
Buffer/Generator for SSD

9FGL6241 / 9FGL6251
Datasheet

Description

The 9FGL6241 / 9FGL6251 are intelligent buffer/clock generators
tailored for single and dual-ported nVME SSDs. They support
Common (CC) and Independent Reference (IR) clocking
architectures and are ideal for U.2 and M.2 form factors. The
devices are also useful in PCle master/slave and clock
multiplexing applications, with an internal clock generator as a
third input channel.

Typical Applications

*» 1x4and2x2nVME SSDs
= 3:2 PCle clock multiplexing

Output Features

» Two 100MHz Low-Power HCSL (LP-HCSL) outputs with Zo =
100Q or 85Q

* One 33 1/3MHz or 25MHz 1.8V LVCMOS REF output
= One open drain CC_IR output indicates PCle clock mode

Block Diagram

Features

Supports single or dual-ported nVME drives
Automatically detects presence or absence of input clocks
Integrated terminations on LP-HCSL outputs save 8 resistors

Choice of spread off (0% SRnS) or spread on (-0.5% SRIS)
default

Choice of 25MHz or 33 1/3MHz reference clock

REF clock output; saves external XO

2.5V to 3.3V operating voltage

1.8V compatible, 3.3V tolerant single-ended I/O signaling
Open-drain CC_IR output; maximum system flexibility

4 x 4 mm 28-VQFP-N package with external crystal

4 x 4 mm 28-LGA package with optional internal crystal

Key Specifications
= DIF cycle-to-cycle jitter < 50ps
» PCle Gen1-4 (CC) compliant; Gen2-3 (IR) compliant
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Pin Assignments

Figure 1. Pin Assignments for 4 x 4 mm NDG28 28-VQFP-N Package - Top View
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28-VQFP-N, 4 x 4 mm, 0.4mm pitch
A prefix indicates internal 120kohm pull-up resistor
v prefix indicates internal 120kohm pull-down resistor

Figure 2. Pin Assignments for 4 x 4 mm LTG28 28-LGA Package - Top View
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28-LGA, 4 x 4 mm, 0.4mm pitch
A prefix indicates internal 120kohm pull-up resistor
v prefix indicates internal 120kohm pull-down resistor
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Pin Descriptions

Table 1. Pin Descriptions

Number Name Type Description

1 GNDINA GND | Ground pin for input A.

2 DIF_INA Input | True input of differential clock.

3 DIF_INA# Input | Complement input of differential clock.

4 VDDINA Power | Power supply for input A.

5 VDDINB Power | Power supply for input B.

6 DIF_INB Input | True input of differential clock.

7 DIF_INB# Input | Complement input of differential clock.

8 GNDINB GND | Ground pin for input B.

9 GNDDIG GND | Ground pin for digital circuitry.

10 VDDDIG Power | Digital power.

1 SCLK_3.3 Input | Clock pin of SMBus circuitry, 3.3V tolerant.

12 SDATA_3.3 110 Data pin for SMBus circuitry, 3.3V tolerant.
Enterprise PCle Reset for Port B eSSD drives configured as 2 x 2. This active low signal

R pa | S o s i cocted e i s s e
equivalent to PERST# reset signal. See the PCle CEM specification for additional details.

14 VDDO1 Power | Power supply for output 1.

15 DIF1 Output | Differential true clock output.

16 DIF1# Output | Differential complementary clock output.

17 GNDO1 GND | Ground pin for output 1.

18 GNDOO GND | Ground pin for output 0.

19 DIFO Output | Differential true clock output.

20 DIFO# Output | Differential complementary clock output.

21 VDDA Power | Power supply for PLL core. See Power Connections table for additional information.
Output indicating which mode (CC or IR) is active. Input clocks are present and are being

Open | directed to the outputs in CC mode. Input clocks are absent and internally generated clocks
22 CC_IR Drain | are being directed to the outputs in IR mode. This pin is an open drain output and requires
Output | an external pull up resistor for proper functionality. The polarity of this pin is programmable.

Consult the General SMBus Serial Interface Information registers for details.
Enterprise PCle Reset for Port A eSSD drives configured as 1x4 or 2x2. This active low
signal indicates when the power supply is within specified voltage limits and is used to

23 vePERSst0# Input | reset internal circuitry. The rising edge is used to determine the clocking mode. It is
logically equivalent to PERST# reset signal. See the PCle CEM specification for additional
details.

24 VDDREF_1p8 Power | Power supply for XTAL and REF clocks, nominally 1.8V.

25 REFOUT Output | Reference clock output.

26 GNDREF GND | Ground pin for the REF outputs.

©2018 Integrated Device Technology, Inc.
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Table 1. Pin Descriptions (Cont.)

Number Name Type Description
2718l XIN/CLKIN Input | Crystal input or reference clock input.
2818l X0 Output | Crystal output.
29 EPAD GND | Connect to ground.

[a] These pins are no connect (NC) on devices with integrated crystal (9FGL6241Q and 9FGL6251Q).

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 9FGL6241 / 9FGL6251 at absolute maximum ratings is not implied. Exposure to absolute maximum
rating conditions may affect device reliability.

Table 2. Absolute Maximum Ratings

Parameter Symbol Conditions Minimum | Maximum | Units | Notes
Supply Voltage Vb 4.6 V 1,2
Input Voltage Vin -0.5 Vppt0.5 V 1,3
Input High Voltage, SMBus ViHsmB SMBus clock and data pins. 3.9 v 1
Storage Temperature Ts -65 150 °C 1
Junction Temperature Tj 125 °C 1
Input ESD Protection ESD prot Human Body Model. 2500 v 1

! Guaranteed 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.

Thermal Characteristics

Table 3. Thermal Characteristics

Symbol Parameter Package Typical Values Units Notes
8,c Junction to case. 51.4 °CIW 1
8, Junction to base. 26.9 °CIW 1
0,0 Junction to air, still air. L7628 68.6 °CIW 1
0,1 Junction to air, 1 m/s air flow. 63.5 °CIW 1
0,a3 Junction to air, 3 m/s air flow. 58.6 °C/IW 1
0,p5 Junction to air, 5 m/s air flow. 56.2 °C/IW 1
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Table 3. Thermal Characteristics (Cont.)

Symbol Parameter Package Typical Values Units Notes
B¢ Junction to case. 42 °CIW 1
0,y Junction to base. 24 °CIW 1
0,0 Junction to air, still air. 39 °CIW 1
NDG28
01 Junction to air, 1 m/s air flow. 33 °CIW 1
0,a3 Junction to air, 3 m/s air flow. 28 °CIW 1
8,p5 Junction to air, 5 m/s air flow. 27 °C/W 1
T EPAD soldered to board.
Electrical Characteristics
Ta = Tamg- Supply voltages per normal operation conditions; see Test Loads for loading conditions.
Table 4. SMBus Parameters
Parameter Symbol Conditions Minimum | Typical | Maximum | Units | Notes
SMBus Input Low Voltage ViLsmB 0.63 %
SMBus Input High Voltage ViHsMB 117 3.6 \Y
SMBus OUtpUt Low Voltage VOLSMB At lPULLUP. 0.4 \Y
SMBus Sink Current lpuLLup | At VoL 4 mA
Nominal Bus Voltage Vopsms 1.8 3.6 %
SCLK/SDATA Rise Time trsv | (Max. V) - 0.15V) to (Min. Vi + 0.15V). 1000 ns 1
SCLK/SDATA Fall Time trswg | (Min. Vi + 0.15V) to (Max. V|- 0.15V). 300 ns 1
SMBus Operating Frequency fsmp SMBus operating frequency. 400 kHz 2
! Guaranteed by design and characterization, not 100% tested in production.
2 The device must be powered up for the SMBus to function.
Table 5. Input/Supply/Common Parameters — Normal Operating Conditions
Parameter Symbol Conditions Minimum Typical Maximum Units | Notes
2.5V supply voltage for all Vpp pins
Vbbx2 5 except Vpper 2.375 25 3.465 v
3.3V supply voltage for all Vpp pins
Supply Voltage Vbpx3.3 except Vpprer 3.135 3.3 3.465 v
Supply voltage for crystal oscillator and
VDDREF REFOUT. 1.71 1.8 1.89 v
Ambient Operating . o
Temperature Tamg | Industrial range. -40 25 85 C
Input High Voltage ViH | Single-ended inputs, except SMBus and |  0-6 X Vppy 1.6 Vppx + 0.3 v 4
Input Low Voltage v | XIN/CLKIN. 0.3 0.35 X Vppy 4
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Table 5. Input/Supply/Common Parameters - Normal Operating Conditions (Cont.)

Parameter Symbol Conditions Minimum Typical Maximum Units | Notes

Input ngh Voltage VlHCLKlN 0.65x VDDREF 1.6 VDDREF +0.3 V 6

XIN/CLKIN.

Input Low Voltage VlLCLKIN -0.3 0.35x VDDREF Vv 6
Output High Voltage | Voncc |r | CC_IR at default polarity. Voppu Voppu v 5
Output Low Voltage | Vg cc |r | CC_IR at default polarity. 0.45 v

I Smg_le-ended inputs, V5 = GND, 5 5 uA
Vin = Voo.
Single-ended inputs.
Input Current V)y = 0V; inputs with internal pull-up
linp resistors. -50 50 pA
VN = Vpp; inputs with internal pull-down
resistors.
Differential inputs (DIF_IN). 100 MHz
Input Frequency Fin Crystal input or clock input, 3xx devices. 331/3 MHz
Crystal input or clock input, 2xx devices. 25 MHz
Pin Inductance Lpin 7 nH 1
Cin Logic inputs, except DIF_IN. 1.5 5 pF 1
Capacitance Cinoir i | DIF_IN differential clock inputs. 1.5 2.7 pF 1
Cout | Output pin capacitance. 6 pF 1
From Vpp power-up and after input
Clk Stabilization tstag | Clock stabilization or deassertion of PD# 1 ms 1,2
to 1st clock.
Output SS . .
Modulation fuop Modulat!on frequency (triangular 30 316 33 KHz
modulation).
Frequency
. DIF output enable after PD#
TdrIVG_PD# tDRVPD de-assertion. 300 VS 1,3
Tfall te Fall time of single-ended control inputs. 5 ns 2
Trise tr Rise time of single-ended control inputs. 5 ns 2

! 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 > 200mV.

4 The single-ended control inputs are 1.8V compatible and 3.3V tolerant.
5 The Von of CC_IR is determined by the external pull-up voltage, since this is an open drain output.

6 When driven by an external clock or XO, it must be AC coupled to the CLKIN pin.
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Table 6. Differential Clock Input Parameters

Parameter Symbol Conditions Minimum | Typical | Maximum | Units | Notes
Input Crossover Voltage - DIF_IN | Vcross | Cross over 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 Vins 1,2
Input Leakage Current N ViN = Vpp , ViN = GND. -5 5 pA
Input Duty Cycle dir CVA:\?:fL:)rremrr.]ent from differential 45 55 % 1
Input Jitter —Cycle to Cycle Jpirn | Differential measurement. 0 125 ps 1
! Guaranteed by design and characterization, not 100% tested in production.
2 Slew rate measured through £75mV window centered around differential zero.
Table 7. Current Consumption
Parameter Symbol Conditions Minimum | Typical | Maximum | Units | Notes
Ibp_REF Vbprer at 1.8V 1.7 2.6 mA
Ipp_vpp25 | 2.5V operation in IR mode, Vpprer at 1.8V. 37 47 mA
Opergtlijr;?eﬁtu pply Ipp_vpp3.3 | 3-3V operation in IR mode, Vpprer at 1.8V. 40 50 mA
Ipp_vpp2.5 | 2.5V operation in CC mode, Vppgrer at1.8V. 23 28 mA
Ipp_vpp3.3 | 3-3V operation in CC mode, Vppgrer at 1.8V. 25 31 mA
Table 8. Output Duty Cycle, Jitter, Skew and PLL Characteristics
Parameter Symbol Conditions Minimum | Typical | Maximum | Units | Notes
Duty Cycle toe Measured differentially, IR Mode. 45 49 55 % 1
Duty Cycle Distortion toco Measured differentially, CC Mode. -15 -0.3 0.7 % 1,3
Skew, Input to Output thagyp Fanout Mode, V1 = 50%. 3300 3962 4600 ps 1
Skew, Output to Output tska IR Mode, V1 = 50%. 17 50 ps 1,4
Jitter, Cycle to Cycle tioyo-cyc R Mode. 20 >0 ps_| 12
Additive jitter in CC Mode. 0.3 10 ps 1,2

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

2 Measured from differential waveform.
3 Duty cycle distortion is the difference in duty cycle between the output and the input clock when the device is operating in Common Clock Mode.

4 Al outputs at default

slew rate.

©2018 Integrated Device Technology, Inc.
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Table 9. DIF Low-Power HCSL Outputs

Parameter Symbol Conditions Minimum | Typical | Maximum | Units | Notes
dv/dt Scope averaging on, fast setting. 1.3 2.2 3.2 Vins | 1,23
Slew Rate
dv/dt Scope averaging on, slow setting. 0.7 15 2.5 Vins | 1,2,3
Slew Rate Matching AdV/dt Slew rate matching. 9 20 % 1,4
Voltage High VHicH Statistical measurement on single-ended 660 778 850 mV 7
signal using oscilloscope math function
Voltage Low Viow (scope averaging on). -150 -4 150 7
Max Voltage Vmax Measurement on single-ended signal using 799 1150 mV 7
Min Voltage Vmin absolute value (scope averaging off). -300 35 7
Crossing Voltage (abs) | Vcross_abs | Scope averaging off. 250 412 550 mV 15
Crossing Voltage (var) A-Vcross | Scope averaging off. 29 140 mV 1,6

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

2 Measured from differential waveform.

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

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).

8 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 A-Vcross to be smaller than Vcross absolute.

7 At default SMBus settings.

Table 10. PCle Filtered Additive Phase Jitter Parameters—-Common Clocked (CC) Architectures, 3.3V

Fanout Mode

Industry
Parameter Symbol Conditions Minimum | Typical | Maximum | Limits | Units | Notes
ps
tjphPCIeG1-CC PCle Gen1. 0.0 45 (p_p) 1,2,5
PCle Gen2 Low Band
10kHz < f < 1.5MHz 0.01 0.02 ps 1245
(PLL BW of 5-16MHz or 8-16MHz, (rms)
Additive Phase | 1000 cc CDR = SWHz).
Jitter, CC (fanout PCle Gen2 High Band
ffer) Mod [
buffer) Mode 1.5MHz < f < Nyquist (50MHz) 0.2 031 N/A ps 1245
VbpRrer = 1.8V (PLL BW of 5-16MHz or 8-16MHz, (rms)
Other Vpps = CDR = 5MHz).
3.3V PCle Gen3 s
tiohPcleas-cc (PLL BW of 2-4MHz or 2-5MHz, 0.10 0.19 (rms) 1,245
CDR = 10MHz).
PCle Gen4 s
tiohPCleG4-CC (PLL BW of 2-4MHz or 2-5MHz, 0.10 0.19 (rms) 1,245
CDR = 10MHz).

©2018 Integrated Device Technology, Inc.
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Table 11. PCle Filtered Additive Phase Jitter Parameters-Common Clocked (CC) Architectures, 2.5V
Fanout Mode

Industry
Parameter Symbol Conditions Minimum | Typical | Maximum | Limits | Units | Notes
ps
tjphPCIeG1-CC PCle Gen1. 0.7 3.9 (p_p) 1,2,5
PCle Gen2 Low Band
10kHz < f < 1.5MHz 0.01 0.02 ps 1245
(PLL BW of 5-16MHz or 8-16MHz, (rms)
Additive Phase | 1000 cc CDR = SMHz).
Jitter, CC (fanout PCle Gen2 High Band
buffer) Mod [
uffer) Mode 1.5MHz < f < Nyquist (50MHz) 0.2 033 N/A PS 1 4o4s
Vpprer = 1.8V (PLL BW of 5-16MHz or 8-16MHz, (rms)
Other Vpps = CDR = 5MHz).
25V PCle Gen3 s
tiohPCleG3-cC (PLL BW of 2-4MHz or 2-5MHz, 0.12 0.20 (rms) 12,45
CDR = 10MHz).
PCle Gen4 s
tiphPcleGa-cC (PLL BW of 2-4MHz or 2-5MHz, 0.12 0.20 (ms) 1,2,4,5
CDR = 10MHz).

L Applies to all outputs.

2 Based on PCle Base Specification Rev 4.0 version 1.0. 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 1712,

4 For RMS values additive jitter is calculated by solving the following equation for b [a"2 + b2 = ¢2] where “a@” is rms input jitter and “c” is rms total
jitter.

5 Driven by 9FGL0841 or equivalent.

©2018 Integrated Device Technology, Inc. 10 October 11, 2018
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Table 12. PCle Filtered Phase Jitter Parameters-3.3V Clock Generator Mode #°

Industry
Parameter Symbol Conditions Minimum | Typical | Maximum | Limits | Units | Notes
PCle Gen1 (Common Clock) tohPCleG-CC 16 28 86 (;’sp) 125
PCle Gen2 Lo Band (Common Clock)
10kHz < f < 1.5MHz 0.43 0.5 3 PS 14045
(PLL BW of 5~16MHz or 8-5MHz, (rms)
CDR = 5MHz) t
PCle Gen2 High Band (Common Clock) JphPCleG2-CC SSC on or off
1.5MHz < f < Nyquist (50MHz) Vipy = 3.3V, 0.9 137 31 ps 1245
(PLL BW of 5-16MHz or 8-5MHz, Vporer = 1.8V (rms)
CDR = 5MHz)
PCle Gen3 (Common Clock) bs
(PLL BW of 2-4MHz or 2-5MHz, tiohPclea3-cc 0.25 0.38 1 (rms) 1,2,4,5
CDR = 10MHz)
PCle Gen4 (Common Clock) s
(PLL BW of 2-4MHz or 2-5MHz, tiohPcleca-cC 0.25 0.38 0.5 (rms) 1,2,4,5
CDR = 10MHz)
PCle Gen2 (SRIS) ps
t 07 0.81 2 1,2
(PLLBW of 16MHz, CDR = 5MHz) | PPCIeC2IR 1 5 por o (rms)
PCle Gen3 (SRIS) Vopx = 3.3V, s
(PLL BW of 2-4MHz o 2-5MHz, | tpnpciecar | 'COREF = 1:8Y 0.6 0.67 07 ey | 12
CDR = 10MHz)
PCle Gen2 (SRIS) ps
t 07 0.75 2 1,2
(PLL BW of 16MHz, CDR = 5MHz) | P"PCIeC2R 1 oyt e, (rms)
PCle Gen3 (SRIS) Vppx = 3.3V, s
(PLL BW of 2-4MHz o 2-5MHz, | tpnpciecar | |POREF = 18V 04 044 0T L me | 2
CDR = 10MHz)

©2018 Integrated Device Technology, Inc. 1 October 11, 2018
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Table 13. PCle Filtered Phase Jitter Parameters-2.5V Clock Generator Mode #°

Industry
Parameter Symbol Conditions Minimum | Typical | Maximum | Limits | Units | Notes
PCle Gen1 (Common Clock) tohPCleG-CC 17 29 86 (;’sp) 125
PCle Gen2 Lo Band (Common Clock)
10kHz < f < 1.5MHz 0.4 056 3 PS 14045
(PLL BW of 5~16MHz or 8-5MHz, (rms)
CDR = 5MHz) t
PCle Gen2 High Band (Common Clock) JphPCleG2-CC SSC on or off
1.5MHz < f < Nyquist (50MHz) Vipy = 2.5V, 10 15 31 ps 1245
(PLL BW of 5-16MHz or 8-5MHz, Vporer = 1.8V (rms)
CDR = 5MHz)
PCle Gen3 (Common Clock) bs
(PLL BW of 2-4MHz or 2-5MHz, tiohPclea3-cc 0.29 0.41 1 (rms) 1,2,4,5
CDR = 10MHz)
PCle Gen4 (Common Clock) s
(PLL BW of 2-4MHz or 2-5MHz, tiohPcleca-cC 0.29 0.41 0.5 (rms) 1,2,4,5
CDR = 10MHz)
PCle Gen2 (SRIS) ps
t 0.9 1.1 2 1,2
(PLLBW of 16MHz, CDR = 5MHz) | PPCIeC2IR 1 5 por o (rms)
PCle Gen3 (SRIS) Vopx = 2.5V, s
(PLL BW of 2-4MHz o 2-5MHz, | tpnpciecar | 'COREF = 1:8Y 0.62 0.70 07 ey | 12
CDR = 10MHz)
PCle Gen2 (SRIS) ps
t 0.80 1.01 2 1,2
(PLL BW of 16MHz, CDR = 5MHz) | P"PCIe02IR 1 oyt e, (rms)
PCle Gen3 (SRIS) Vbpx = 2.5V, s
(PLL BW of 2-4MHz o 2-5MHz, | tpnpciecar | |POREF = 18V 042 | 049 0T L me | 2
CDR = 10MHz)

1 Applies to all outputs.
2Based on PCle Base Specification Rev3.1a. These filters are different than common clock filters. 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 1712,

4 As of PCle Base Specification Rev4.0 version 1.0, IR is the new name for Separate Reference Independent Spread (SRIS) and Separate Reference
no Spread (SRnS). Industry limits for IR clocking are not specified in the Base Specification; limits are commonly agreed upon with major customers.

5 All outputs at default slew rate (fast).
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Table 14. REF Output

Parameter Symbol Conditions Minimum | Typical | Maximum | Units | Notes
Long Accuracy ppm Independent Reference Mode. -100 0 100 ppm 1,2
Long Accuracy ppm Common Clock Mode. 0 ppm 1,2

Toer 25MHz reference input. 40 ns 2

Clock Period periodzsM P -

Toeriogzam | 33 1/3MHz reference input. 30 ns 2

tet Slowest slew rate, 20% to 80% of Vpprer. 0.5 0.89 1.6 Vins 1
to Slow slew rate, 20% to 80% of VppRrer 0.8 1.5 23 Vins | 13

Rise/Fall Slew Rate '

trs Fast slew rate, 20% to 80% of Vpprer. 0.8 1.5 23 Vins 1

tres Fastest slew rate, 20% to 80% of VppRrer. 1.0 1.7 2.4 Vins 1
Duty Cycle dix V1 =Vpp/2 V. 45 48.2 55 % 1,4
Duty Cycle Distortion Oicq Vi =Vppl2 V. -0.75 0.00 0 % 1,5
Jitter, Cycle to Cycle tieyeeye | VT =Vop/2V. 52 250 ps 1,4

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

2 Internal crystal, external crystal may be tuned to Oppm.

3 Default SMBus value.

4 When driven by a crystal.

5 When driven by an external oscillator via the XIN/CLKIN pin, XO should be floating.

Power Management

Table 15. Operating Configuration Table (ByteO, bit 5 = 0)

ePERst0# DIF_INA ePERst1# DIF_INB DIF0 DIF1 cC_IR"2
1 No clock present 0 X From PLL From PLL IR Mode
1 Clock present 0 X Input A Input B CC Mode
0 X ) No clock present From PLL From PLL IR Mode
0 X 1 Clock present Input A Input B CC Mode

1 Polarity of CC_IR is determined by Byte3[3].
2 CC_IR Mode is determined by the status of the input clock associated with the first ePERstn# to deassert.
3 Rising arrow indicates first ePERst# to deassert. Once an ePERst# has gone high, the other ePERSst# is ignored.

Table 16. Operating Configuration Table (ByteO, bit5 = 1)

ePERSst0# DIF_INA ePERst1# DIF_INB DIF0 DIF1 CC_IR"2
1 No clock present X X From PLL From PLL IR Mode
1 Clock present X X Input A Input A CC Mode

1 Polarity of CC_IR is determined by Byte3([3].
2 When set to 1, the device only responds to DIF_INA and ePERst0#. ePERst1# must remain low and never deassert.

©2018 Integrated Device Technology, Inc. 13 October 11, 2018
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Table 17. SMBus Address

Address + Read/Write Bit
1101000 X

Table 18. Power Connections

Pin Number

Vop GND Description

4 1 DIF_INA

5 8 DIF_INB

10 9 Digital Power, SMBus
14 17 DIF1

21 18 DIFO, PLL analog
24 25 XTAL, REF

Timing Diagrams
Figure 3. Independent Reference Clock Mode from ePERstO# Deassertion

Clocking Mode sat here — Common (pass
throughl or IR {diocks fram inferral PLL)
Hare we lalch info IR mode.

VDD KH. focetame— /

REFOUT | 3

Mo switching to exterral clock

ePERSst0# --—2' ‘IGEG-n‘s
- - because none ane presanl

DIFO smrmf'{;n‘pl'f“:
DIF_INA ha |n|:l-;.|j Clock from Part.
ePERst1# PRSI nover doasserts y |
DIF_INB N Irput Cloek fram Port B {;
CC_IR 4 F{ |

1. CC_IR at default polarity
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Figure 4. Common Clock Mode from ePERstO# Deassertion

Clocking Mode set here
Common (pass through or IR (clocks from internal PLL).
) Here we are in Common Mode- DIF_INA present

VDD [ —™ << 1.8ms—((

REFOUT ) |
fo0 /
< = 100ms
ePERstO# ( .= 100u>—:I
4—<1.8ms—
M rmrm
DIFO Sourced fromPLL ~ —» E_I. i ] { 1 i 1 i
- - p—) - -
Input Clock from Port A | 'r_i !“i 'r“i 'r“i !
nput Clock from Port H H H H H
DlF—lNA P i ) J o ol ot g
DIF1 Sourced from PLL — é —2-3 clks—-
— DIF1 follows DIF_INB 7
ePERst1# ePERSst1# never presents rising edge ) Which is not running in this case
| 1] YA

- wmn . e . wmn o em— e e — . —

CC_IR 4

1. CC_IR at default polarity

e e . e . e em— . em— o - = -

DIF_INB No Input Clock from Port B 8 8_

4

Figure 5. Common Clock Mode from ePERstl1# Deassertion

Clocking Mode set here, first rising edge of ePERst0# OR ePERst1#
Common (pass through) or IR (clocks from intemal PLL).
) Here we are in Common clock mode - DIF_INB present

VDD N

<< 1.8ms—

REFOUT \_’ | |_| l_\ |
ePERSst0# <f<18ms—>i ePERSI0¥ occurs ePERst1#, so clock mode

determination is made on rising edge of ePERst!#

- pem - pem
DIFO Sourced from PLL 4 \¢2-3c|ks+ | ] | I‘I '-i I“I ] |
wdoed ol ol ud ol
=m pem L o B e B ! = pes
DIF_INA Input Clock from Pot A y f u‘% l'\ |-' I' i [ i [| I-i r| [ il
E ] [ 1...! l- et beet fant faet bedd bmat
DIF1 Sourced fomPLL ~ — = § ePERst1#rising edge occurs before
ePERSst0#rising edge.
- Y DIF1 now follows DIF_INB and DIFD
ePERst1# = now follows DIF_INA. The PLL is

powered down after the switchover

DIF_INB

CC_IR! / g g ‘

1. CC_IR at default polarity
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Test Loads

Figure 6. LVCMOS AC/DC Test Load

r—— - Test
Point

| Rs

<

Figure 7. LP-HCSL AC/DC Test Load (standard PCle source-terminated test load)

et . 1
Rs I c
|

SN e ]
|
, > Differential Zo > ronts
|
1&

I
e _ - = _Ri —_— I
Figure 8. Test Setup for PCle Jitter Measurements
Real Time Scope (20Gs/sec)
SMA ,
|—————==- I Connectors
| Rs | . L ‘| Coax
| D ” Cables
: Differential Zo ) G
Irrerential £o
|
. | H©
: S | 0.1uF 50§ soé
L___R___, il 1
Table 19. Terminations
Device L (inches) Zo (Q) Rs (Q) LVCMOS C (pF) | LP-HCSL C_ (pF)

9FGL6241 10 100 None needed

9FGL6251 10 100 7.5 4.7 2

9FGL6251 10 85 None needed

Alternate Terminations

The 9FGL family can easily drive LVPECL, LVDS, and CML logic. See “AN-891 Driving LVPECL, LVDS, and CML Logic with IDT's
“Universal” Low-Power HCSL OQutputs” for details.
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Crystal Characteristics

Table 20. Recommended Crystal Characteristics

Parameter Value Units
Frequency 25MHz or 33 1/3MHz MHz
Resonance Mode Fundamental —
Frequency Tolerance @ 25°C +20 ppm maximum
Frequency Stability, reference at 25°C over operating temperature range 120 ppm maximum
Temperature Range (industrial) -40-85 °C
Equivalent Series Resistance (ESR) 50 Q maximum
Shunt Capacitance (Cg) 7 pF maximum
Load Capacitance (C|) 6 pF maximum
Drive Level 0.3 mW maximum
Aging per year 15 ppm maximum

Spread Spectrum Selection

Table 21. Spread Spectrum Selection for 201 and 301 Configurations

Byte 1[4:3] Description Spread Amount Notes
00 SRnS Mode 0 Default configuration at power up.
01 CC Mode 0 Accessible via SMBus.
10 CC/SRIS Mode -0.25% Accessible via SMBus.
1 CC/SRIS Mode -0.50% Accessible via SMBus.

The 201/301 devices are designed for Separate Reference clock No Spread applications. They power up in a special mode for this
application (configuration 00). Using the SMBus to change to one of the other configurations will require a system reset. Transitioning
back to configuration 00 from one of the other configurations will also require a system reset. Contact the factory if a different default
configuration set is desired.

Table 22. Spread Spectrum Selection for 202 and 302 Configurations

Byte 1[4:3] Description Spread Amount Notes
00 Reserved 0 Reserved.
01 CC Mode 0 Accessible via SMBus.
10 CC/SRIS Mode -0.25% Accessible via SMBus.
1" CC/SRIS Mode -0.50% Default configuration at power up.

The 202/302 devices are configured for Common Clock/Separate Reference clock Independent Spread applications. They power up in
configuration 11. The SMBus may be used to change cleanly between configuration 01 or 10 without requiring a system reset. Contact
the factory if a different default configuration set is desired.

©2018 Integrated Device Technology, Inc. 17 October 11, 2018
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General SMBus Serial Interface Information

How to Write

= Controller (host) sends a start bit

= Controller (host) sends the write address

= DT clock will acknowledge

= Controller (host) sends the beginning byte location = N
= DT clock will acknowledge

= Controller (host) sends the byte count = X

= DT clock will acknowledge

= Controller (host) starts sending Byte N through Byte N+X-1
= DT clock will acknowledge each byte one at a time

= Controller (host) sends a stop bit

Index Block Write Operation
Controller (Host) IDT (Slave/Receiver)
T | starT bit
Slave Address
WR WRite
ACK
Beginning Byte =N
ACK
Data Byte Count = X
ACK
Beginning Byte N
ACK
0 >
0 @ 0
0 © 0
0
Byte N+ X-1
ACK
P stoP bit

Note: See Ordering Information for additional details on bits
labeled “OTP Configured”.

How to Read

= Controller (host) will send a start bit

= Controller (host) sends the write address

= DT clock will acknowledge

= Controller (host) sends the beginning byte location = N

= DT clock will acknowledge

= Controller (host) will send a separate start bit

= Controller (host) sends the read address

= DT clock will acknowledge

= DT clock will send the data byte count = X

= DT clock sends Byte N+X-1

* DT clock sends Byte 0 through Byte X (if Xy was written to
Byte 8)

= Controller (host) will need to acknowledge each byte

= Controller (host) will send a not acknowledge bit

= Controller (host) will send a stop bit

Index Block Read Operation
Controller (Host) IDT (Slave/Receiver)
T | starT bit
Slave Address
WR WRite
ACK
Beginning Byte = N
ACK
RT Repeat starT
Slave Address
RD ReaD
ACK
Data Byte Count=X
ACK
Beginning Byte N
ACK
o 0
0 & 0
0 > 0
0
Byte N+ X -1
N Not acknowledge
P stoP bit

©2018 Integrated Device Technology, Inc.
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SMBus Table: Output Enable and Status Readback Register

Byte 0 Name Control Function Type 0 1 Default
Bit 7 DIF_INA Status Presence of DIF_INA R D”r:u_r:,r\lli/:gmt DIF_INA running | Real Time?
Bit 6 DIF_INB Status Presence of DIF_INB R D”r:u_r:,:iigmt DIF_INB running | Real Time?

. DIFN_INA only DIF_INA drives
Bit 5 ég‘r‘]f?(jrgﬂtfodn% A"OWSa?]LFB'l"F‘q* Itr? ggvagg;h DIFO ' Rw | drives DIFOINCC | both DIF[4:0] in 0
g Mode CC Mode
Bit 4 ePERst1# PD_EN Enable pull-down on ePERst1# | RW Pull-down Pull-down 1
disabled enabled
. Pull-down Pull-down
Bit 3 ePERSst0# PD_EN Enable pull-down on ePERst0# RW . 1
disabled enabled
Bit 2 Reference Frequency Specifies input frequency RW 25MHz 33 1/3MHz Part Number
Dependent
Bit 1 DIF1 OE Output Enable RW Disabled" Enabled 1
Bit 0 DIF0 OE Output Enable RW Disabled" Enabled 1

1 The disabled state depends on Byte2[3:2]. '00' = Low, '01' = HiZ, 10" = Low, 11" = High.
2 The state of both of these inputs at the time of the first rising edge of ePERst0# or ePERst1# determines the operating mode of the device.
3 Setting this bit to “1’, allows the device to drive both DIF0 and DIF1 from DIF_INA in Common Clock mode. When set to ‘1, the device only responds

to DIF_INA and ePERst0#. ePERst1# must remain low and never deassert.

SMBus Table: Spread Spectrum and Vi g4 Control Register

Byte 1 Name Control Function Type 0 1 Default

. 1 ) Common Clock Independent
Bit 7 CC_IR Status CC-IR Readback R Mode RefClk Mode Latched

. 9 . Common Clock Independent
Bit 6 CC_IR_Mode Override Forces desired CC_IR Mode RW Mode RefClk Mode 0

. Byte1, bit 6
Bit5 | CC_IR Overide Enable =~ Cnacie SWoverde of CCIR g, 1 CC_IR controlled | - o\ 1R 0
Mode by ePERst logic
Mode

. Spread Spectrum

Bit 4 Spread Spectrum default RW
Default[1]® P P 00' = SS Off, '01' = -0.25% SS, Part Number
Bit 3 Spread Spect3rum RW '"10' = Reserved, '11' = -0.5% SS Dependent
Default[0]

Bit 2 Reserved X
Bit 1 DIF Amplitude[1] . RW 00=0.6V 01=0.68V 1

: : Controls output amplitude
Bit 0 DIF Amplitude[0] RW 10=0.75V 11=0.85V 0
! This bit is indicates the state of the input clock (operating mode) associated with the first ePERst# signal to deassert and is latched upon its

deassertion.

2 Byte 1, bit 5 must be set to "1' for this bit to control operation of the part.

3 Setting this bit to “1’, allows the device to drive both DIF0 and DIF1 from DIF_INA in Common Clock mode. When set to ‘1", the device only responds
to DIF_INA and ePERst0#. ePERst1# must remain low and never de-assert.
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SMBus Table: Slew Rate and Output Configuration Register

Byte 2 Name Control Function Type 0 1 Default
Bit 7 DIF[1]_IMP_1 RW | ZOUT: 00=33Q | ZOUT:10=100Q
Differential output 1 impedancel@!
Bit 6 DIF[1]_IMP_0 RW | ZOUT:01=85Q | 11=Reserved | part Number
Bit 5 DIF[0]_IMP_1 RW | ZOUT:00=33Q | ZOUT:10=100Q | Dependent
Differential output 0 impedance!@!
Bit 4 DIF[0]_IMP_0 RW | ZOUT:01=85Q | 11 =Reserved
Bit 3 STOP_STOP[1] Output stop state RW 00 = Low/Low 10 = High/Low 0
Bit 2 STOP_STATE[0] (True/Complement) RW 01 = HiZ/Hiz 11 = Low/High
Bit 1 DIF1 SLEW RATE SEL Adjust slew rate of DIF1 RW Slow setting Fast setting 1
Bit 0 DIFO SLEW RATE SEL Adjust slew rate of DIF0 RW Slow setting Fast setting 1
[a] 9FGL624x devices default to "10' (100Q). 9FGL625x devices default to '01' (85Q).
SMBus Table: REF and Polarity Control Register
Byte 3 Name Control Function Type 0 1 Default
Bit 7 RwW 00 = Slowest 01 = Slow 0
Bit6 REF Slew Rate Slew rate control W 10 Fast 11 = Fastest 1
Bit 5 Reserved X
Bit 4 REF OE REF output enable RW Disabled®! Enabled 1
Bit3 | CC_RPOLARITY | Determines CC_IR polarity = RW LOW(ngn”nilg‘r’]““tAng)Cted o Zfe”d'?&“uz dNe)OT 1
Bit 2 Reserved X
Bit 1 Reserved
Bit 0 Reserved X
[a] The disabled state depends on Byte2[3:2]. '00' = Low, '01' = HiZ, 10" = Low, '11' = High.
SMBus Table: Reserved Register
Byte 4 Name Control Function Type 0 1 Default
Bit 7 Reserved 1
Bit 6 Reserved 1
Bit 5 Reserved 1
Bit 4 Reserved 1
Bit 3 Reserved 1
Bit 2 Reserved 1
Bit 1 Reserved 1
Bit 0 Reserved 1
Note: Byte 4 is reserved and reads back 'hFF'.
©2018 Integrated Device Technology, Inc. 20 October 11, 2018
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SMBus Table: Revision and Vendor ID Register

Byte 5 Name Control Function Type 0 1 Default
Bit 7 RID3 R 0
Bit 6 RID2 Revision ID R 1st silicon = 0000 0
Bit 5 RID1 R A revision = 0001 0
Bit 4 RIDO R 1
Bit 3 VID3 R 0
Bit 2 VID2 R 0

VENDOR ID 0001 = IDT
Bit 1 VID1 R 0
Bit 0 VIDO R 1

SMBus Table: Device Type/Device ID

Byte 6 Name Control Function Type 0 1 Default
Bit 7 Device ID7 RW 0
Bit 6 Device ID6 RW 0
Bit 5 Device ID5 RW 0
Bit 4 Device ID4 Device ID RW | Device with external crystal in NDG28 = 1C hex 1
Bit 3 Device ID3 RW | Device with internal crystal in LTG28 = 18 hex 1
Bit 2 Device ID2 RwW X
Bit 1 Device ID1 RW 0
Bit 0 Device DO RW 0

SMBus Table: Byte Count Register

Byte 7 Name Control Function Type 0 1 Default
Bit 7 Reserved 0
Bit 6 Reserved 0
Bit5 Reserved 0
Bit 4 BC4 RW 0
Bit 3 BC3 RW Writing to this register will configure !

Bit 2 BC2 Byte count programming RW how many bytes will be read back, 0
Bit 1 BCA RW default is = 8 bytes. 0
Bit 0 BCO RW 0

©2018 Integrated Device Technology, Inc. 21 October 11, 2018
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Package Outline 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/ndndg28-package-outline-40-x-40-x-09-mm-body-vqpf-n-04-mm-ball-pitch

www.idt.com/document/psc/ltg28-package-outline-40-x-40-mm-body-04-mm-pitch-Iga

Marking Diagrams

L6241
AQXXX 4Axxxl
[ ) [ )
(for 9FGL6241 (for 9FGL6241
28-LGA devices) 28-VQFP-N devices)
L6251
AQxxx SAXxxI
YWW*$ YYWWS$
[ ] [ )
(for 9FGL6251 (for 9FGL6E251

28-LGA devices)

28-VQFP-N devices)

Line 1 and 2 (Line 1 only on VQFP-N devices) is the truncated part
number.

“xxx” denotes dash code (201, 202, 301, 302)

“YWW” or “YYWW" is the last digit(s) of the year and work-week that the
part was assembled.

“** denotes sequential lot number.
“$” denotes mark code.

©2018 Integrated Device Technology, Inc.
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Ordering Information

Table 23. Ordering Information

Orderable Part Number Crystal/XO IR Spread Mode DIF ZOUT Package Carrier Type Temperature
9FGL6241AQ201LTGI Trays
SSC off (SRNS)
9FGL6241AQ201LTGI8 Tape and Reel
25MHz 28-LGA
9FGL6241AQ202L TGl internal Trays
SSC on (SRIS)
9FGL6241AQ202LTGI8 Tape and Reel
9FGL6241AP201NDGI Trays
SSC off (SRNS)
9FGL6241AP201NDGI8 25MHz Tape and Reel
28-VQFP-N
9FGL6241AP202NDGI external Trays
SSC on (SRIS)
9FGL6241AP202NDGI8 1000 Tape and Reel
9FGL6241AQ301LTGI Trays
SSC off (SRNS)
9FGL6241AQ301LTGI8 33 1/3MHz 2B.LGA Tape and Reel
9FGL6241AQ302L TGl internal Trays
SSC on (SRIS)
9FGL6241AQ302LTGI8 Tape and Reel
9FGL6241AP301NDGI Trays
9FGL6241AP301NDGI8 S5C off (SRNS) T d Reel
ape and Ree
33 1/3MHz 28-VQFP-N p
9FGL6241AP302NDGI external Trays
SSC on (SRIS)
9FGL6241AP302NDGI8 Tape and Reel
-40° to +85°C
9FGL6251AQ201LTGI Trays
SSC off (SRNS)
9FGL6251AQ201LTCI8 25MHz 28.LGA Tape and Reel
9FGL6251AQ202LTGI internal Trays
SSC on (SRIS)
9FGL6251AQ202LTGCI8 Tape and Reel
9FGL6251AP201NDGI Trays
SSC off (SRNS)
9FGL6251AP201NDGI8 25MHz Tape and Reel
28-VQFP-N
9FGL6251AP202NDGI external Trays
SSC on (SRIS)
9FGL6251AP202NDGI8 850 Tape and Reel
9FGL6251AQ301LTGI Trays
SSC off (SRNS)
9FGL6251AQ301LTCI8 33 1/3MHz 28.LGA Tape and Reel
9FGL6251AQ302L TGl internal Trays
SSC on (SRIS)
9FGL6251AQ302LTGI8 Tape and Reel
9FGL6251AP301NDGI Trays
9FGL6251AP301NDGI8 SSC off (SRNS) T d Reel
ape and Ree
33 1/3MHz 28-VQFP-N p
9FGL6251AP302NDG external Trays
SSC on (SRIS)
9FGL6251AP302NDGI8 Tape and Reel
“G” indicates RoHS 6 of 6 compliant.
©2018 Integrated Device Technology, Inc. 23 October 11, 2018
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Revision History

Revision Date Description of Change
October 11, 2018 Initial release.
Corporate Headquarters Sales Tech Support
‘ I DT 6024 Silver Creek Valley Road 1-800-345-7015 or 408-284-8200 www.|DT.com/go/support
e San Jose, CA 95138 USA Fax: 408-284-2775
www.IDT.com www.IDT.com/go/sales

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.
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RECOMMENDED LAND PATTERN DIMENSION
NOTES:
1. ALL DIMENSION ARE IN mm. ANGLES IN DEGREES.
2. TOP DOWN VIEW. AS VIEWED ON PCB.
5. COMPONENT OUTLINE SHOW FOR REFERENCE [N GREEN.
4. LAND PATTERN IN BLUE. NSMD PATTERN ASSUMED. T @IDT s
5. LAND PATTERN RECOMMENDATION PER IPC—7351B GENERIC REQUIREMENT ALY Ko o)
FOR SURFACE MOUNT DESIGN AND LAND PATTERN. TE L7678 PACKAGE OUTLIVE
o
SEE o N%8674687 BEE
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