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INTRODUCTION

This Application Note describes various Vectron clock sources and interface circuits that can be used to drive the Ref-
erence Clock (REFCLK) Inputs of the SerDes Blocks of the RTG4 radiation-tolerant FPGA.

The Microchip RTG4 (Radiation-Tolerant Generation4) FPGA (Field Programmable Gate Array) can receive clock sig-

nals in two types of clock inputs:

1. Clock signals into the RTG4 general purpose and dedicated clock input pins, for use as a clock to the logic in the
Digital Fabric.

2. Clock signals into the SerDes Blocks Reference Clock input pins, which input a reference clock for use by the
dedicated high-speed SerDes Blocks on chip.

Of the two types of clock inputs, RTG4 REFCLK Inputs will be examined for this Application Note. The RTG4 REFCLK
Inputs can be programmed by a FPGA designer to one of the various receiver types (differential or single-ended signal),
and each has logic level requirements that will need direct interface or translation interface circuit connections to work
properly when used with a standard clock driver (See Table 3). Information for providing clock input to the RTG4 Digital
Fabric (type ‘1’ above) is not presented here, but it can be connected with a standard driver clock the same as providing
clock input to the RTG4 REFCLK receivers.

In addition to listing and discussing these devices, this Application Note also summarizes the RTG4 REFCLK Inputs
specification logic levels required for the clock source drivers with output logic levels presented in Table 3. The Applica-
tion Note also shows setups and measurements with some typical waveforms tested in the RTG4 DevKit, to provide
confidence that the solutions do work in hardware.

CLOCKS FOR DRIVING RTG4 FPGA REFCLK INPUTS

The following Vectron differential signal crystal oscillators are recommended for use with the RTG4 FPGA REFCLK
receivers:
* LVDS (See Setup Figure 2 and Figure 4):
- DOC203679, Oscillator Specification, Hybrid Clock for Hi-Rel Standard, LVDS Output
- DOC206903, Oscillator Specification, Hybrid Clock for Hi-Rel Standard, 300krad Tolerant, LVDS Output
* LVPECL (See Setup Figure 7, Figure 9, and Figure 11):
- DOC203810, Oscillator Specification, Hybrid Clock for Hi-Rel Standard, LVPECL Output
* CMOS (See Figure 13):
- 0S-68338, Oscillator Specification, Hybrid Clock, Hi-Rel Standard, CMOS Output (3.3V supply, 100krad)
- DOC206379, Oscillator Specification, Hybrid Clock for Hi-Rel Standard, 300krad Tolerant CMOS (3.3V sup-
ply, 300krad)
- DOC204900, Oscillator Specification, Hybrid Clock for Hi-Rel Standard, High Frequency CMOS (2.5V/3.3V
supply, 100krad)
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RTG4 FPGA REFCLK INPUTS

The RTG4 REFCLK Inputs can be configured, by the FPGA designer, to any one of the 10 Standards listed below (Ref-
erence: Table 5 of UG0567 User Guide, RTG4 FPGA High-Speed Serial Interfaces).

TABLE 1: INPUT CONFIGURATION OPTIONS

SERDES_VDDI Supply 3.3V 2.5V 1.8V
LVTTL/LVCMOS33 LVCMOS25 LVCMOS18
LVDS33 LVDS25 (Note 1) SSTL18-Class 1
LVPECL RSDS SSTL18-Class 2
Supported Standards —
RSDS Mini-LVDS HSLT18-Class 1
Mini-LVDS SSTL25-Class 1 —

— SSTL25-Class 2 —

Note 1: For LVDS33 and LVDS25, designers should reference RGT4 I/O Users Guide and DS0131 RTG4 FPGA
data sheet for correct termination and common-mode recommendations to achieve optimal jitter perfor-
mance.

2: HCSL inputs are supported directly with LVDS I/O STD inputs from the Libero. There is no specific HCSL
1/0 STD available in Libero and designs requiring HCSL are supported by using the LVDS25 I/O standard.

Programming the I/O Standard will also set the corresponding REFCLK Inputs type. The following popular REFCLK
Inputs are presented in this Application Note with recommendations:

» LVDS25_ODT: ODT improves the signaling environment by reducing the electrical discontinuities introduced with
off-die termination; thus, it enables reliable operation at higher signaling rates (Microchip_ RTG4_FPGA_|0_us-
er_Guide_UGO0741_V4). This also provides the common-mode noise rejection on the transmission lines all the
way to the receiver with the built-in ODT to reduce noise emission and noise interferences. An LVDS or LVPECL
clock (interface circuit needed) can be used to drive the LVDS25_ODT.

» LVDS25: It is recommended to use LVDS25_ODT for best waveform and jitter performance. When LVDS25 is
used an external differential termination is required. An external differential termination resistor of 200Q (typical)
may be implemented to improve the V|p minimum requirement margin when using with a standard LVDS driver.
The 200Q load must be placed as close as possible to the RTG4 receiver input pins for better waveform and jitter
performance.

» LVDS33: This is not recommended for use due to the minimum V| requirement of 0.50V, which is higher than a
standard LVDS output differential voltage of 0.34V and is also higher than the minimum LVPECL output differential
voltage of 0.470V according to Table 3.

» LVPECL33: This is not recommended for use due to the V¢ requirement of 1.8V maximum, which is lower than
the standard LVPECL output common mode voltage of 2.0V, and due to the V| requirement of 0.600V minimum,
which is higher than the minimum LVPECL output differential voltage of 0.470V according to Table 3.

+ LVCMOS33/LVCMOS25: This is recommended for use. These are single-ended REFCLK Inputs, requiring no
interface translating circuit for simple direct connections to reduce component count. 0S-68338 3.3V clock up to
100 MHz can be used for driving LVCMOS33. The 300-krad DOC203679 3.3V clock up to 80 MHz can be used for
driving LVCMOS33. For faster speed, the high frequency 2.5V/3.3V CMOS clock of DOC204900 up to 125 MHz
can be used for driving LVCMOS25 (used with 2.5V clock) or LVCMOS33 (used with 3.3V clock). The max operat-
ing frequency of the high frequency CMOS DOC204900 is 160 MHz, but the application is limited to 125 MHz due
to the high input capacitance 20 pF max of the RTG4 receiver. This application limit is based on the output sink/
source current capability of the oscillator clocks and the capacitive load (20 pF in this case), using the power dissi-
pation formula.

Capacitive-Load Power Consumption is calculated via the following equation.
EQUATION 1:

P=CxVelxf=Veexle

Io=CxVeexf
Where:
C = The load capacitance.
f = The signal frequency.
Ic = The dynamic consumption current.
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For example, at 125 MHz and 3.0V supply, the consumption current is calculated as 20 pF x 3.0V x 125 MHz = 7.5 mA,
as expected to be lower than the recommended sink/source current of 12 mA (Reference: TI 54AC00-SP, output buffer
used in the DOC204900 oscillator).

RTG4 REFCLK INPUT VOLTAGE SPECIFICATIONS AND DRIVER OUTPUT DATA

The input voltage requirements of the RTG4 REFCLK Inputs are listed in Table 2 to provide the specification limits to
the driver output data presented in Table 3.

TABLE 2: RTG4 SERDES REFCLK INPUT VOLTAGE SPECIFICATIONS (Note 1)

REFCLK Supply Vp (Note 2) Vicm (Note 2)
I Voltage
nput (VDDI) Min. Typ. Max. Min. Typ. Max.
LVDS25 ODT | 2.5V 5% 0.20V 0.35Vv 2.40V 0.05Vv 1.25V 1.50V
LVDS25 2.5V +5% 0.20V 0.35V 2.40V 0.05V 1.25V 2.20V
I(_l\\l/cI)Dti:;s; 3.3V £5% 0.50VvV — 2.40V 0.60V 1.25V 1.80V
L\(/'\ITOEthé(;3 3.3V 5% 0.60V — 2.40V 0.60V — 1.80V
— Vi ViH
LVCMOS25 | 2.5V 5% -0.30V — 0.70VvV 1.7V — 2.625V
LVCMOS33 | 3.3V 5% -0.30V — 0.80V 2.0V — 3.450V

Note 1: See Microchip RTG4_FPGA data sheet for more details on SerDes REFCLK Input Voltage Specifications.
2: Figure 1 depicts the V|p and V¢ for the differential inputs. Note that V| is half of Vg, and is equivalent
to a single-ended signal referenced from one input to ground.
3: Do not use LVDS33 and LVPECL33 as explained in the RTG4 FPGA REFCLK INPUTS section for
LVDS33 and LVPECL33. These specification limits compared with the output data ranges in Table 3 are
used to support this conclusion.

VDDI (Supply Voltage)

o | |

VID4

oV (Diff.) V= VID, - VID.

FIGURE 1: V|p and V¢, for Differential Inputs.

Also, the V|c\ and V|p have to meet the conditions of the formulas below:

EQUATION 2:

View +(Vp/2) <VDDI+0.4V
and

View —(Vip/2)> 03V
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TABLE 3: CLOCK DRIVER INTERFACE CONFIGURATION AND OUTPUT DATA (Note 1)
Vip (Note 2 V, Note 2
FS_etup Interface Configuration - o ) - om { )
igure Min. Typ. Max. Min. Typ. Max.

Figure 2| LVDS to LVDS25_ODT 0.250V | 0.340V | 0.450V | 1.125V | 1.250V | 1.450V
(Note 3) | Direct Interface

Figure 4 |LVDS to LVDS25

(Note 4) | 2000 Termination 0.520V | 0.610V | 0.720V | 1.125V | 1.350V | 1.500V
Figure 7 | LVPECL to LVDS25_ODT

(Note 5) | V,ay 3.3V-Bias 0.470V | 0.800V | 0.950V | Note 5 1.240V | Note 5
Figure 9| LVPECL to LVDS25_ODT 0.470V | 0.800V | 0.950V | 1.030V | 1.233V | 1.437V
(Note 6) |V|cm Self-Bias

Figure 11 | LVPECL to LVDS25_ODT

(Note 7) | Vo Self-Bias2 0.289V | 0.493V | 0.586V | 1.030V | 1.233V | 1.437V

— Vi ViH

Figure 13

(Note 8) CMOS to LVCMOS33 0.297V | 0.330V | 0.363V | 2.673V | 2.970V | 3.267V
(Note 8) | CMOS to LVCMOS25 0.237V | 0.250V | 0.263V | 2.138V | 2.250V | 2.363V

Note 1: Output Data is recorded as V|p and V¢ to be consistent with the RTG4 REFCLK Inputs Voltage refer-

ences. See the Setup Figures and resulted waveforms for details on the clock source use and interface
circuits. Also see the Jitter Measurements section for additional information.

2: Vpand Vg are referenced to Ground. Vp is a single-ended signal measured at the input of the RTG4
receiver to correspond with the specification V|p of the RTG4 REFCLK Inputs (see Note 2 of Table 2). All
the logic levels also meet the conditions of the formulas required for the RTG4 REFCLK Inputs: Vg +
(Vip/2) < VDDI + 0.4V and V gy — (V|p/2) > —0.3V.

3: Setup Figure 2: The V| and V¢, limits are defined by the output voltage levels from Table 2 of Vectron
DOC203679 for standard LVDS.

4: Setup Figure 4: The typical values of V|5 and V ¢\ are determined by measurements.

5: Setup Figure 7: The V|p range is determined using the output voltage levels from Table 2 of Vectron
DOC203810, “Output Voltage: Vo = Ve — 1.085 to Vo — 0.880, Vo = Ve — 1.830 to Vg — 1.555.
The biasing network resistors (R3 to R6) and its supply voltage will determine the V) range for this
scheme.

6: Setup Figure 9: The V|p range is determined using the output voltage levels from Table 2 of Vectron
DOC203810, “Output Voltage: Vo = Ve — 1.085 to Ve — 0.880, Vo = Ve — 1.830 to Vo — 1.555.
The LVPECL output common mode voltage is calculated as Vg — 1.3V. With a V¢ of 3.3V £10%, the
V\cm ranges from 1.030V to 1.437V for this interface scheme with the resistor nominal values.

7: Setup Figure 11: The V|p range is determined using the output voltage levels from Table 2 of Vectron
DOC203810, “Output Voltage: Vo = Ve — 1.085 to Ve — 0.880, Vo = Ve — 1.830 to Ve — 1.5557,
and through the voltage divider, the 51Q and 82Q resistor network. The LVPECL output common mode
voltage is calculated as V¢ — 1.3V. With a V¢ of 3.3V £10%, the V) ranges from 1.030V to 1.437V for
this interface scheme with the resistor nominal values.

8: Setup Figure 13: The V|_and V|4 range is determined by the standard CMOS logic levels as V|_ = V¢ x

0.1 and V| = V¢ x 0.9, where V¢ is the supply voltage 3.3V £10% or 2.5V +5%.

General Recommendations and Summary

1. When an external resistor like the 200Q termination for differential driving is used, it must be placed as close as
possible to the differential receiver input pins. Otherwise, waveform and jitter will greatly degrade.

2. RTG4 differential receiver must be terminated at the inputs either with an external resistor (100Q or 200Q) or with
ODT (RTG4 On-Die Termination) for all clock driver types for best waveform and jitter performance.

3. The clock oscillator driver should be placed as close as possible to the input pins of the RTG4 receiver to help
reduce interferences and minimize reflection on the transmission line due to possible impedance mismatching.

4. Itis recommended to use the drivers and interface circuits listed in Table 3. Do not use the RTG4 REFCLK Inputs
LVDS33 and LVPECL33.

DS00003216A-page 4 © 2019 Microchip Technology Inc.



AN3216

TABLE 4: RTG4 REFCLK INPUTS AND CLOCK DRIVER MATRIX
RTG4 Vectron Clock Driver
Signal Type REFCLK Input | €19k Spec Radiation | Supply Max. Termination
P Type Drawing Tolerance Voltage | Frequency Circuit
DOC203679 100 krad 3.3V 200 MHz i
LVDS25_ODT | LVDS Direct Interface
DOC206903 300 krad 3.3V 200 MHz Figure 2
50 krad Figure 7,
LVDS25 ODT | LVPECL | DOC203810 (ELDRS) 3.3V 700 MHz Figure 9,
Differential Figure 11
DOC203679 100 krad 3.3V 200 MHz .
LVDS25 LVDS 200Q, Figure 4
DOC206903 300 krad 3.3V 200 MHz
LVDS33 Do Not Use
LVPECL33 Do Not Use
0S-68338 100 krad 3.3V 100 MHz )

_ LVCMOS33 | CMOS |DOC204900 | 100krad | 33V | 125MHz | DirectInterface
Single- Figure 13
Ended DOC206379 300 krad 3.3V 80 MHz

LVCMOS25 | CMOS | DOC204900 | 100 krad 2.5V 125 MHz D"ﬁ%d’r‘;ef;ce

For differential signal application, the only choice for RTG4 to set to is LVDS25_ODT (used with LVDS or LVPECL clock
driver) or LVDS25 (used with LVDS clock driver and external 200Q termination). The CMOS single-ended signal solution
offers the best Total Jitter and Deterministic Jitter performance (See Jitter Measurements Table 5, Table 6, and Table 7),
simple direct interface and options to use either the 2.5V or 3.3V supply, but speed is limited to 100 MHz (OS-68338),
80 MHz (DOC206379) and 125 MHz (DOC204900) for the three Vectron CMOS clocks.

© 2019 Microchip Technology Inc.
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CIRCUIT INTERFACE AND DATA

DC

ol e = V_DC
o 1.,
L LVDS DRIVER 3 RTG4 |LVDS25_ODT
'._ = VID1
2 % O NI Ini] ;C
/a g out
o || VID2 o
R
i R7
R=10 kOhm
R —y
gDOSCi!\aiw Signal
156.25MHz.
FIGURE 2: LVDS to RTG4 LVDS25 ODT, Direct Interface.
.- _ _ _ _ ____ leCroy
| oo [N [y
e / \ | / -
/ \ | \ I
Lo~ | / LA \
& iz
Measure P1:pkpk(C2) P2ampl(C2) P3:meed(C2) P4::nin(C2) PE:freqiC2) PE:mean(C2) P7:base(C2) Pa:cuty(C2)
valug 324 my 2339 my 1.455 % 1131 156.69 MHz 1.2778 Y 14560 S0.72%
4 4 [y v s 4 4 i
imshass - 0.00 r=| [Trigger
- _p_ = @ __ | leCroy
vID2 \ o | .
\ g AN [
o / | | / t
/ | [ | |
—a | \ f LA / \
[
;easue P pkpk(C2) PZampl(C2) P3mes(C2) P4::'nin((32) PEfreqC2) PE:mean(C2) P7:base(C2) P cuty (C2)
valug 343 my 2335 mY 1.465 % 1.120% 196.64 MHz 1.2698 14512 49358 %
status "4 [ v v v
FIGURE 3: Measured Waveforms, LVDS to LVDS25 ODT, Direct Interface (Waveforms Measured
on RTG4 DevKit).
Note 1: A LeCroy active probe ZS1500 1.5 GHz was used for the measurements. VID1 and VID2 were measured

with reference to Ground at room temperature.

2: See Figure 2 for the setup diagram. The oscillator clock driver (1204R156M25000BF used) was mounted
on the RTG4 DevKit in place of the REFCLK 125 MHz (disabled and isolated) and the whole board was
tested over temperature from —40°C to +85°C with Microchip EPCS Demo GUI software used to check for

the error-free transmission loop.
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OC
3| e f v_DC
_:::: 355:23‘3 ¥ +; 3532.5\/
= LVDS DRIVER l RTG4_LVDS25
- VID1 =
\Pu o Ny R Il
B R1 |
o4 R=200 Ohm r LA "
1 ViD2 " R
L R7
6’ L R=10 kOhm
Oscillator Signal
=] 156.25MHz
4 -
FIGURE 4: LVDS to RTG4 LVDS25 External 200Q Termination.
Vee - VcC
OSCILLOSCOPE
XO LVDS OUT
500 |
Q —o\’_) Coax cable C"—“M’"‘
l 500
b= Input Common Mode
Voltage (VICM)
502 e
Q\ p—=te Coax cable (ﬂ‘:—-.w- =
l %Sﬂﬂ
GND/ i GND
Case
FIGURE 5: Setup Diagram for LVDS 200Q Termination.

Note 1: This test setup was used to measure the waveforms for the diagram Figure 4 to present here in place of the
waveforms measured on the RTG4 DevKit. The waveforms measured on the DevKit using the setup of
Figure 4 were not so representative because the 200Q load resistor used with the RTG4 LVDS25 couldn’t
be placed as close to the receiver inputs as recommended to obtain good waveforms.

2: The load was placed at the input of the oscilloscope for better waveform measurements. Only half of the
signal was measured using this setup. The 50Q series resistors connected via the oscilloscope ground form
a load of 200Q between two outputs of the LVDS oscillator. The clock source used was

1204R156M25000BF.

- LeCroy

|/ \/ | \/ | \/ |/
# | V \ | | %

\ A l I
I\ I\ i l I\ 1\ i\
o)
Measure P1:pkpk(C2) P2 ampl(C2) P3:pkpk(C3) P4:ampl(C3) PSrize20800C2) PG fall30200C2) P7:cluty(C2) Pa:freqliC2)
value 317 my 287.0my 315 my 2936 my 352 pz 285 p= 50.70 % 15613 MHz
status v L4 L4 L4 L4 W L4 L4
imebase - 0.00 nz rier [C2]
FIGURE 6: Measured Waveforms, LVDS to LVDS25, External 200Q Termination (Waveforms

Measured with Bench Fixture and 50Q) Coax Cables).

Note 1: The actual signal is two times the measured value, as explained in Figure 5. Waveform was measured at
room temperature.
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OC
SRC2
Vde=3.3 V

11—~

R
R3
R=1kOhm

R
RS
=1 kOhm

L

v_DC
+] SRCs

T Vde=25V

RTG4LVDS25_0ODT

LVPECL DRIVER c1
C=D§1|HF i
s SETH VviD2 out
7T b=
c R
:7 :2 giﬂ—* uF i = 2110 kOhm
‘ g R=140 Ohm g i R Ry
<] OeclatorSinal R=610 Ohm g R=610 Ohm
FIGURE 7: LVPECL to LVDS25_ODT, V¢ 3.3V-Bias.
Note 1: Use 1 kQ for R4 and R6 if a supply voltage of 2.5V is used for the biasing network.

2: C1and C2 of 0.1 yF not only serve as a DC block, but also provide a full LVPECL differential signal swing
to drive the receiver with little attenuation. The AC-coupling capacitors should have low ESR and low induc-
tance at targeted clock frequency.

VID1 = LeCroy

N N/ -

5 (335 )
Measure P1:pkpkiC2) P2:ampl(C2) P3ma=(C2) P:min(2) PS:fre(C2) PE:mean(C2)  PY:rise2080(C2) P& duty(C2)
walle 314 my BT my 1667 % 823 my 156.45 MHz 12677 229ps 2069 %
status v v v v v v v v

VD2 = LeCroy

- ()
o )]
Measure P1:pkpk(C2) P2 ampliC2) P3max(C2) Pad:min(C2) PofregiC2) PE:mean(C2) P7rise2080(C2) Paduty(C2)
walleg 247 my 738.0mY 1693 246 mY 156.23 MHz 12648 232 ps 4960 %
status ' L' 4 w ' 4 W 'y
Imebase 0.00 ng| [Trigger
200 st
FIGURE 8: Measured Waveforms, LVPECL to LVDS25_ODT, V ¢y 3.3V-Bias (Waveforms Mea-

sured on RTG4 DevKit).

Note 1: A LeCroy active probe ZS1500 1.5 GHz was used for the measurements. VID1 and VID2 were measured
with reference to Ground at room temperature.
2: See Figure 7 for the setup diagram. The oscillator clock driver (1304R156M25000BF used) was mounted

on the RTG4 DevKit in place of the REFCLK 125 MHz (disabled and isolated) for testing.
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R
T R1
+| srez2 R=510hm [ v_DC
= Vde=33V Yy — L 35552 7
1 ST HVER 5 RTG4|LvDS25_0DT
._ C=0.1uF =
a % VD1
:’” ou & BV
: Gnot ! viD2 [‘_"'/ﬂ 4 -
| s 71 bgo
C R
¥ c2 R7
@ C=0.1uF R R R=10 kOhm
Oscillator Signal ;252 Oh 2‘152 Oh
"1 156.25MHz F;\N\’ g P g =l
R2
R=51 Ohm
FIGURE 9: LVPECL to LVDS25_ODT, V¢ Self-Bias.

Note 1: This V|c) Self-Bias Termination is an alternative to that of Figure 7. This scheme requires no external supply
voltage for the biasing and saves two resistors over that of Figure 7.

2: C1and C2 of 0.1 uF provide a full LVPECL differential signal swing to drive the receiver with little attenua-
tion. The AC-coupling capacitors should have low ESR and low inductance at targeted clock frequency.

I D R | N SR N __LeCroy/

viD1 .

2 [ESERiY)
Y
P1:pkpk(C2) PZ:ampl(C2) P3:max(C2) P4:min(C2) PS:freq(iC2) PG meaniC2) PThase(C2) Picluty(C2)
T2 my E75.9 my 1.604 % 832 my 15627 MHz 1.2394 % 520 my S0.75 %
' 4 ' ' '

viDz . -

o
3]

h
P1:pkpk(C2) P2ampliC2) Pa:max(C2) Pad:min{C2) PE:freg(C2) PE:mean(iC2) P7:base(C2) P&:duty(C2)
837 mY T26.9 my 1673 836 my 146,40 MHz 1.2433 % G765 my 49.56 %

' 4 ' ' '

FIGURE 10: Measured Waveforms, LVPECL to LVDS25_ODT, V¢ Self-Bias (Waveforms Mea-

sured on RTG4 DevKit).

Note 1: A LeCroy active probe ZS1500 1.5 GHz was used for the measurements. VID1 and VID2 were measured
with reference to Ground at room temperature.

2: See Figure 9 for the setup diagram. The oscillator clock driver (1304R156M25000BF used) was mounted
on the RTG4 DevKit in place of the REFCLK 125 MHz (disabled and isolated) for testing.
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IBIS_DO_ECL ] IBIS_DI
IBIST TRANSIENT 1BIS2
IbisFile="100¢/16v.ibs" IbisFile="rt4g_msio.ibs"
ComponentName="100el16v_3v" Tran ComponentName="RTG4_msic"
PinName="7" Tran1 PinName="50P"
ModelName="PECLout_3v" StopTime=10 nsec ModelName="LVDS25_|_MSIO"
SetAllData=yes MaxTimeStep=0.001 nsec SetAllData=yes
DataTypeSelector=Typ DataTypeSelector=Typ
UsePkg=yes UsePkg=yes
Voo ]
+| sme2 V.DC
= Vo= | sRres
Vde=3.3V = Ty
. R -
X LVPECL DRIVER R1 RTG4]LVDS26-0DT
- - R=51 Ohm =
VID1
® 2 N Q IoNL
e #
P o
o Qnot vip2_ [ ™ N out
= = b
+1 ViSine R2 S
A~ SRC1 R=510hm - = R=10kOMm
(") Vde=048Vv R R 2>
" Amplitude=1.6V o R3 o R4
Freq=156.25 MHz = R=820mm = R=820hm
Delay=0nsec 1 i
Damping=0
Phase=0
FIGURE 11: LVPECL to LVDS_ODT, V¢ Self-Bias2.

Note 1: This V|c) Self-Bias termination is similar to the setup of Figure 9 without the coupling capacitors C1 and
C2. The driver output signal is divided down by the resistor network but is still large enough to drive the
RTG4 LVDS25_ ODT. The rad-hard oscillator 1304R156M25000BF can be used for the clock source.

1.55
AOS |
1.45_
1.35;
> 1.25;
35 1.15;
S> |
1.05
0.95; r_n3
i time = 744.2ps
0-85.|.|.|.|.|.|.|.|.|.V|D2=1'206V
0 1 3 4 5 7 8 9 10
time, nsec
FIGURE 12: Simulated Waveforms, LVPECL to LVDS25_ODT, V¢ Self-Bias2 (Keysight ADS

2017 software used).
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MaxTimeStep=0.001 nsec

V_DC
| e &% | RansienT | v_DC
= Vde=33V L SRCs
- Tran = Vdc=33V
cMos QUTPUT  Trant -
L StopTime=30 nsec RTG4_LVCMOS33_16mA

out

. VtSine fo %@g FR{-/
SRC1 R=10 kOhm
’\) Vde=0.40 V
Amplitude=1.6 V
- Freq=100 MHz
Delay=0 nsec
Damping=0
Phase=0
- =
FIGURE 13: CMOS to RTG4 LVCMOS33.

Note 1: AVectron OS-68338 1103R100M00000BF 3.3V CMOS clock was used in the setup to drive the RTG4 LVC-
MOS33 and the waveform at Q was measured and presented in Figure 14.

LeCroy

MM

A

ad

W W W

\pt

&

Measwure P pkpkiC2) PZampl{C2) P3:max(C2) Pd:min(C2) P5:freglC2) PE:meani(iC2)
walue 3.80% JHE Y S.40% -402 my 100.034 MHz 1.509 %
status " w w " w

P7 base(C2) PE:duty(C2)
-226 my 49.45 %

FIGURE 14: Measured Waveforms, CMOS CLOCK (0S-68338 100 MHz) to LVCMOS33.

Note 1: A LeCroy active probe ZS1500 1.5 GHz was used for the measurement. The waveform was measured at

the output of the clock driver at room temperature.

2: See Figure 13 for the setup diagram. The oscillator clock driver (1103R100M0O0000BF used) was mounted
on the RTG4 DevKit in place of the REFCLK 125 MHz (disabled and isolated) for testing.

© 2019 Microchip Technology Inc.
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JITTER MEASUREMENTS

Within each transmitter of the SerDes, the time base provided by the reference clock to the TXPLL directly affects the
quality of the SerDes serial output data. The jitter and phase variations present on the reference clock the TXPLL
receives will also appear on the high-speed serial data stream it produces. The following data represents the jitter con-
tent of the high-speed serial data from the SerDes using the various reference clock schemes. The data below shows
the quality of a 3.125 Gbps PRBS7 data stream transmitted with the discussed reference clock solutions.
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Eye Diagram, LVPECL to LVDS25_ODT (Setup Figure 9).

The following tables present the study done by the Microsemi characterization team, comparing SerDes transmit jitter

to different RefClk types.
TABLE 5: JITTER DATA, RTG4 SERDES OUTPUT AT 3.125 GBPS FOR ALL REFCLK
STANDARDS
Device Tem Voltage Parameter LVDS | LVCMOS | LVCMOS | SSTL | SSTL | HSTL
Number P- | condition 2.5V 2.5V 3.3V 1.8V | 2.5V | 1.8V
195°C Vi Total Jitter (mUI) 318 309 306 481 371 445
in.
Deterministic Jitter (mUl) 257 266 265 438 328 403
Total Jitter (mUI) 343 289 287 355 406 358
902 25°C Typ. ——
Deterministic Jitter (mUl) 291 246 247 315 366 318
Total Jitter (mUI) 257 263 273 340 458 316
-55°C Max.
Deterministic Jitter (mUl) 221 222 232 304 414 275
) Total Jitter (mUI) 309 304 301 429 362 453
125°C Min.
Deterministic Jitter (mUl) 250 263 259 386 317 409
Total Jitter (mUI) 325 287 286 371 458 364
905 25°C Typ. ——
Deterministic Jitter (mUI) 275 251 246 334 422 326
Total Jitter (mUI) 336 265 277 307 423 320
-55°C Max. —
Deterministic Jitter (mUI) 297 226 237 270 381 278
. Total Jitter (mUI) 350 320 294 402 435 435
125°C Min.
Deterministic Jitter (mUl) 286 276 250 357 391 390
Total Jitter (mUI) 332 303 301 427 451 333
911 25°C Typ. ——
Deterministic Jitter (mUI) 273 257 253 384 407 291
Total Jitter (mUI) 320 277 264 312 385 331
-55°C Max.
Deterministic Jitter (mUl) 278 239 223 271 342 293

© 2019 Microchip Technology Inc.
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TABLE 6: JITTER DATA, RTG4 SERDES OUTPUT AT 2.5 GBPS FOR ALL REFCLK

Device Tem Voltage Parameter LVDS | LVCMOS | LVCMOS | SSTL | SSTL | HSTL
Number | '°"'P* | Condition aramete 25V | 25V 33V | 1.8V | 25V | 1.8V
) Total Jitter (mUI) 202 164 168 188 188 224
125°C Min. —
Deterministic Jitter (mUI) 164 135 129 157 159 216
Total Jitter (mUI) 200 143 146 181 214 241
902 25°C Typ. ——
Deterministic Jitter (mUI) 170 117 120 151 185 213
Total Jitter (mUI) 169 161 148 186 186 231
-55°C Max.
Deterministic Jitter (mUl) 136 135 122 159 159 168
Total Jitter (mUI) 174 165 167 187 194 217
125°C Min.
Deterministic Jitter (mUI) 146 131 136 153 166 190
Total Jitter (mUI) 189 144 147 173 190 242
905 25°C Typ. ——
Deterministic Jitter (mUI) 163 118 118 147 161 196
Total Jitter (mUI) 157 152 146 190 187 229
-55°C Max. —
Deterministic Jitter (mUI) 130 127 120 161 158 156
. Total Jitter (mUI) 193 185 184 200 223 252
125°C Min. —
Deterministic Jitter (mUl) 166 151 147 169 177 190
Total Jitter (mUI) 182 163 175 197 196 215
911 25°C Typ. ——
Deterministic Jitter (mUI) 151 131 143 164 163 159
Total Jitter (mUI) 159 145 150 208 199 182
-55°C Max.
Deterministic Jitter (mUl) 134 119 118 166 169 155

TABLE 7: JITTER DATA, RTG4 SERDES OUTPUT AT 1.25 GBPS FOR ALL REFCLK

STANDARDS
Device Tem Voltage Parameter LVDS | LVCMOS | LVCMOS | SSTL | SSTL | HSTL
Number P- | condition 2.5V 2.5V 3.3V 1.8V | 2.5V | 1.8V
Total Jitter (mUI) 92 106 99 134 95 114
125°C Min.
Deterministic Jitter (mUI) 73 85 80 114 66 91
Total Jitter (mUI) 100 99 99 88 99 108
902 25°C Typ. ——
Deterministic Jitter (mUI) 16 77 76 68 76 79
Total Jitter (mUI) 97 93 94 114 91 106
-55°C Max. ———
Deterministic Jitter (mUl) 78 73 72 90 65 84
) Total Jitter (mUI) 100 100 106 97 122 130
125°C Min.
Deterministic Jitter (mUI) 76 74 87 69 90 101
Total Jitter (mUI) 90 97 104 103 103 99
905 25°C Typ. —
Deterministic Jitter (mUI) 66 70 83 79 80 77
Total Jitter (mUI) 98 87 91 115 98 100
-55°C Max.
Deterministic Jitter (mUI) 79 67 70 93 71 74
Total Jitter (mUI) 82 108 117 137 730 155
125°C Min.
Deterministic Jitter (mUI) 65 79 97 105 101 107
Total Jitter (mUI) 115 115 776 108 110 146
911 25°C Typ.
Deterministic Jitter (mUl) 90 83 85 72 82 116
Total Jitter (mUI) 99 96 104 111 117 91
-55°C Max.
Deterministic Jitter (mUl) 75 78 81 78 90 62

Hardware and Software Tools Used

The RTG4 Development Kit was used for testing the reference clocks and for waveform measurements. The RTG4
Development Kits on-board REFCLK CCLD-033-50-125.000 oscillator was disabled, isolated, and replaced with the
Vectron clock driver LVPECL or LVDS along with the interface circuit for each testing of the clock types. Also, in-house
test fixtures were developed for the specific tests of LVDS with a 200Q load.
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Microchip Software Libero SoC V11.9 was used to program the RTG4 Development Kits, loading project designs and
setting the SerDes REFCLK Input receiver type for testing with the corresponding clock. Microchip EPCS Demo GUI
was used to check the signal quality by testing the error-free data loop between the RTG4 transmitter and receiver of
the SerDes block, and also to verify the clock circuit connections in the RTG4 development board.

Keysight ADS 2017 was used to generate circuit diagrams and for simulations when needed; IBIS models used in the
simulations were Microsemi RTG4 REFCLK Receiver rt4g_msio.ibs, Micrel Semiconductor ibisTop_100el16 in
sc07p07el0160a, Aeroflex/Cobham ut54lvds031lvucc.ibs, and Fairchild ACT3301 cgs3311m 3_3V.ibs.

REFERENCES, RELATED WEBSITES, AND DATA SHEETS

» Microchip Hi-Rel Clock Oscillators (XO): https://www.vectron.com/products/space/space.htm

* Microchip RTG4 Radiation-Tolerant FPGAs: https://www.microsemi.com/product-directory/rad-tolerant-fpgas/
3576-rtgd#documents

* Microchip DS0131 Data Sheet RTG4 FPGA: https://www.microsemi.com/document-portal/doc_view/135193-
ds0131-rtg4-fpga-datasheet

» Microchip RTG4 Development Kits: https://www.microsemi.com/product-directory/dev-kits-solutions/3865-rtg4-kits

* Microchip DG0624 Demo Guide RTG4 FPGA SerDes EPCS Protocol Design: https://www.microsemi.com/docu-
ment-portal/doc_download/135196-dg0624-rtg4-fpga-serdes-epcs-protocol-design-libero-soc-v11-9-sp1-demo-
guide

» Microchip UG0567, RTG4 FPGA High Speed Serial Interfaces User Guide: https://www.microsemi.com/docu-
ment-portal/doc_download/134409-ug0567-rtg4-fpga-high-speed-serial-interfaces-user-guide

* Microchip SY100EL16V: https://www.microchip.com/wwwproducts/en/SY100EL16V

» Cobham HiRel Microelectronics, UT54LVDS031LV/E Quad Driver: https://www.cobhamaes.com/pagesproduct/
prods-hirel-lvds.cfm

» Keysight Technologies, Advanced Design Systems (ADS): https://www.keysight.com/en/pc-1297113/advanced-
design-system-ads?cc=US&lc=eng

* TI SN54AC00-SP Radiation Hardened Quad 2 Input NAND Gate: http://www.ti.com/lit/ds/symlink/sn54ac00-
sp.pdf

© 2019 Microchip Technology Inc. DS00003216A-page 17


https://www.microsemi.com/document-portal/doc_download/134409-ug0567-rtg4-fpga-high-speed-serial-interfaces-user-guide
https://www.microsemi.com/document-portal/doc_download/134409-ug0567-rtg4-fpga-high-speed-serial-interfaces-user-guide
http://www.ti.com/lit/ds/symlink/sn54ac00-sp.pdf
http://www.ti.com/lit/ds/symlink/sn54ac00-sp.pdf
https://www.vectron.com/products/space/space.htm
https://www.microsemi.com/product-directory/rad-tolerant-fpgas/3576-rtg4#documents
https://www.microsemi.com/product-directory/rad-tolerant-fpgas/3576-rtg4#documents
https://www.microsemi.com/document-portal/doc_view/135193-ds0131-rtg4-fpga-datasheet
https://www.microsemi.com/document-portal/doc_view/135193-ds0131-rtg4-fpga-datasheet
https://www.microsemi.com/product-directory/dev-kits-solutions/3865-rtg4-kits
https://www.microchip.com/wwwproducts/en/SY100EL16V
https://www.cobhamaes.com/pagesproduct/prods-hirel-lvds.cfm
https://www.cobhamaes.com/pagesproduct/prods-hirel-lvds.cfm
https://www.keysight.com/en/pc-1297113/advanced-design-system-ads?cc=US&lc=eng
https://www.keysight.com/en/pc-1297113/advanced-design-system-ads?cc=US&lc=eng
https://www.microsemi.com/document-portal/doc_download/135196-dg0624-rtg4-fpga-serdes-epcs-protocol-design-libero-soc-v11-9-sp1-demo-guide
https://www.microsemi.com/document-portal/doc_download/135196-dg0624-rtg4-fpga-serdes-epcs-protocol-design-libero-soc-v11-9-sp1-demo-guide

AN3216

NOTES:

DS00003216A-page 18 © 2019 Microchip Technology Inc.



Note the following details of the code protection feature on Microchip devices:
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