RENESAS Application Note

HCSL Output Termination Scheme and Waveform Measurement on
FemtoClock3

The FemtoClock3 (FC3) family supports HCSL drivers with internal or external terminations. This document
describes the termination schemes and shows the resulting amplitude and cross-voltage measurements.
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3

1. Termination Scheme

The FC3 devices support transmitter internal termination, as shown in Figure 1. Integrating the terminations
inside the transmitter simplifies the BOM and the board design.

1.8V
1.8V
[Yo=9 ) CLK
’UT)
HESL
~L¥°-T ) nCLK
v 1 HiPerCleck CLK_nCLK

Figure 1. HCSL Internal Termination-Simple Topology
In the case where there may be discontinuities in the traces due to vias, connectors, etc., then a resistor may be

added at the receiver to improve signal integrity (see Figure 2). If R5 is used, it improves the signal quality but
reduces the signal amplitude by half due to the double termination.

1.8V
o=
RS
0= 100
HiPerCleck CLK_nCLK

RS Optional. ~

Figure 2. HCSL Internal Termination with Optional Resistor

Figure 3 shows a common standard HCSL external termination scheme. It uses 50Q pull-down resistors.

VOC =1.8V 1.8V

HCSL
" HiPerClock CLK_nCLK
— R1 R2
50 50 e
Figure 3. HCSL External Termination—-Common
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3

Figure 4 shows another common termination scheme used in PCle applications with the termination placed
close to the transmitter.

= 1.8V 1.8v
D -
RS
o= 100
HiPerClock CLK_nCLK
R1 R2

- 50 50 .

R5 Optional. -

Figure 4. HCSL External Termination Near the Transmitter

Figure 5 shows a common HCSL termination scheme for receivers with internal terminations. Internally, the
receiver will have a Thevenin-equivalent termination consisting of two series 50Q resistors center-tapped to a
bias voltage. Due to the receiver’s internal DC-offset, the HCSL driver should not be DC-coupled. This requires
that the interface be AC-coupled and that the HCSL terminations be provided at the driver. In this case, the
topology is simplified by using the FC3'’s internal terminations. The combination of the FC3 internal termination
and the receiver’s internal termination creates a dual-termination scheme, which improves the signal quality but
reduces the signal amplitude by half. In this case, the FC3 amplitude should be set to the maximum setting of
950mV.

1.8V

C1
o=

01U

FYYYWYYYY
Y¥Vy ! YWV

0 1uf

Figure 5. HCSL Dual-Termination for Receivers with Internal Terminations
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3

Figure 6 shows how to interface an FC3 HCSL output to an LVPECL receiver. It uses AC-coupling and a re-bias.
R1 and R2 can also be omitted when the FC3 HCSL driver is configured to use internal terminations.

1.8V
Ve = 1.8V RE 1.8V
820
C1
0 =50 L ||
L kI:I 1uf RT
S I}
C2 1.33k & RS
{ 820 |
\ LVPECL
0. 1uf
R1/ R2 RY
50 50 1.33K
Figure 6. Termination Example of HCSL to LVPECL
Figure 7 shows how to interface an FC3 LVDS output to an LVDS receiver.
1.8V
18v Zo = 50 Ohm
LVDS_Dri }
> Driver CLK
R1
100
nCL Receiver
Zo =500hm
)
L / L
Figure 7. Standard LVDS Termination
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3

2. OUTx Mode Setting in RICBox

The following section describes how to setup the HCSL configuration using the RICBox GUI.

1. Output type—Select HCSL internally terminated or HCSL externally terminated.

2. Swing-Select HCSL output swing, for example, 800mV, 850mV, 900mV, 950mV (use 950mV for double-
termination schemes).

3. Enable Boost: Enable/disable HCSL Boost. HCSL boost is only supported for Swing = 950mV (see Figure

8).
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POWERED DOWN
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Lnds Oy _a0liTy =
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Internal HCSL termination is disabled. An external termination resistor of 50 ohms to ground is required.

Internal HCSL termination is enabled, providing an internal 50 ohm resistor to ground.

300mV
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400mV
450mV

C
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550mV
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630mV
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750mVv
800mV
850mV
200mV
950mV

Enable Control

Enable Source out_driver_en... ¥ IE
]
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Figure 8. HCSL Internal Termination Setting in RICBox
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3

4. When the Output Type selected is HCSL (externally terminated), the GUI automatically sets the Internal
Termination to disabled (see Figure 9).
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; .
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Internal HCSL termination is enabled, providing an internal S0ohm resistor to ground
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Figure 9. HCSL External Termination Setting in RICBox
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3

3. HCSL Amplitude and Cross-Voltage Measurement

Table 1 lists the HCSL measuring data on the FC3 EVB for a variety of termination schemes. Waveforms for
each case are shown in Figure 10 to Figure 48. For more information on the EVB test method, see FC3 EVB

Waveform Measurement Method.

Table 1. Vovs and Vcross Measurement

HCSL Termination HCSL_SWING Register Field Setting | HCSL Boost Vovs (mV) Vcross (mV)
Mode
HCSL_SWING = 800 Disabled 875 976 505 517
HCSL_SWING = 850 Disabled 946 915 459 478
Internal Termination
HCSL_SWING = 900 Disabled 980 948 506 475
HCSL_SWING = 950 Disabled 1096 1079 503 537
HCSL_SWING = 800 Disabled 870 870 415 456
HCSL_SWING = 850 Disabled 907 914 487 446
External Termination
HCSL_SWING = 900 Disabled 937 942 462 503
HCSL_SWING = 950 Disabled 960 969 515 475
HCSL_SWING = 800 Disabled 436 437 203 194
Dual Termination HCSL_SWING = 850 Disabled 463 464 216 209
Note: Enable intemal HCSL_SWING = 900 Disabled 488 488 221 232
HCSL termination and
add external termination. HCSL_SWING = 950 Disabled 514 512 243 235
HCSL_SWING = 950 Enabled 656 657 328 306
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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Figure 10. Vovs—HCSL Internal Termination SWING = 800mV on OUT11
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Figure 11. Vovs-HCSL Internal Termination SWING = 800mV on nOUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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Figure 12. Vcross—HCSL Internal Termination SWING = 800mV on OUT11
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Figure 13. Vovs—-HCSL Internal Termination SWING = 850mV on OUT11
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Figure 15. Vcross—HCSL Internal Termination SWING = 850mV on OUT11
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Figure 17. Vovs—-HCSL Internal Termination SWING = 900mV on nOUT11
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Figure 19. Vovs-HCSL Internal Termination SWING = 950mV on OUT11
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Figure 21. Vcross—HCSL Internal Termination SWING = 950mV on OUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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Figure 22. Vovs-HCSL External Termination SWING = 800mV on OUT11
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Figure 23. Vovs-HCSL External Termination SWING = 800mV on nOUT
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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Crossing(3-1) 470.256 mV 470.256 mV 470.256 mV | 415.650000 mV
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Results

Markers

Measurement Current Mean Min \WEC Horizontal Vertical
Crossing(3-1) 495.524 mV 495.49209 mV 493.761 mV M1 30.0000000 pV
® Crossing(1-3) 495.524 mV 49549209 mV  493.761 mV M2 909.410000 mV'
V amptd(3) 914.223 mV 911.693 mV 891.789 mV
© V amptd(1) 907.185 mV 899.239 mV 857.038 mV

Figure 25. Vovs—HCSL External Termination SWING = 850mV on OUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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Crossing(3-1) 495.524 mV 495.524 mV 495.524 mV M1 487.530000 mV
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O V amptd(1) 913.490 mV 913.490 mV 913.490 mV

Figure 27. Vcross—HCSL External Termination SWING = 850mV on OUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3

KEYSIGHT

4:00 PM
12/5/2023

TECHNOLOGIES.

Run iz o |15 0Gsa/s [Lookpts || 4.20 GHz

16 |[Stopd | @ es0.00mv D)

@ :[tsomv/ Jsoomv | @

=
3
]
=
o
o
n
&
&
o
v
=2
o
1
)

-125ns -10.0ns -7.50 ns

-5.00 ns

@500y Joos

@T ©>»1)

Measurement Current

Mean

Min

Markers

Marker Horizontal

| Vertical

Crossing(3-1)
@ Crossing(1-3)

V amptd(3)
© Vamptd(1)

517.754 mV
517.754 mV
942.522 mV
937.977 mV

517.44256 mV
517.44256 mV
942.096 mV
928.717 mV

515570 mV
515.570 mV
922.141 mV
881.525 mV

M1
M2

940.650000 mV
3.16000000 mV

4:10 M
12/5/2023

Run i o) |[ 4.20 6hz

16.0 Gsa/s [1.00 kpts

JTECHNOLOGIES.

KEYSIGHT "=

16 | (Stopd | @ _fs0.00 mv [S))

§ @wfsomy Jsoomv @ |

3
®
=
o
W
3
z
=
o
o
=
o
o
wn

-125ns -100ns -7.50 ns

-5.00 ns

o 250ns/ 0.0

@fe>n)

Results

Measurement Current

Mean

Min

Markers

Marker Horizontal

Vertical

517.754 mV
517.754 mV
942.522 mV
937.977 mV

Crossing(3-1)
® Crossing(1-3)
V amptd(3)

O Vamptd(1)

517.44256 mV
517.44256 mV
942.096 mV
928.717 mV

515.570 mV
515.570 mV
922.141 mV
881.525 mV

M1
M2

953.150000 mV
9.41000000 mV

Figure 29. Vovs-HCSL External Termination SWING = 900mV on nOUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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Measurement Current Mean Min Marker Horizontal | Vertical
Crossing(3-1) 538.038 mV 537.68747 mV 536.061 mV M1 965.650000 mV

® Crossing(1-3) 538.038 mV 537.68747 mV 536.061 mV M2 6.28000000 mV
V amptd(3) 969.355 mV 967.349 mV 946.334 mV
© V amptd(1) 960.997 mV 952441 mV 899.413 mV

Figure 31. Vovs-HCSL External Termination SWING = 950mV on OUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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Figure 33. Vcross—HCSL External Termination SWING = 950mV on OUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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Measurements @ s
Measurement Current Mean Min Horizontal Vertical
V amptd(3) 437.458 mV 437.458 mV 437.458 mV 445.000000 mV
® V amptd(1) 436.051 mV 436.051 mV 436.051 mV 7.50000000 mV
Crossing(3-1) 197.982 mV 197.982 mV 197.982 mV
O Crossing(1-3) 197.982 mV 197.982 mV 197.982 mV

Figure 34. Vovs—HCSL Dual-Termination SWING = 800mV on OUT11
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Measurements

Measurement Current Mean Marker Horizontal Vertical
V amptd(3) 437.458 mV 437.458 mV 437.458 mV M1 445.000000 mV
© Vamptd(1) 436.051 mV 436.051 mV 436.051 mV M2 7.50000000 mV
Crossing(3-1) 197.982 mV 197.982 mV 197.982 mV
® Crossing(1-3) 197.982 mV 197.982 mV 197.982 mV

Figure 35. Vovs—-HCSL Dual-Termination SWING = 800mV on nOUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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V amptd(3) 441134 mV 434.865 mV 394.370 mV 203.330000 mV
® Vamptd(1) 435.112 mV 429.914 mV 361.212 mV 194.170000 mV
Crossing(3-1) 192.656 mV 193.08431 mV 188.149 mV
@ Crossing(1-3) 192.656 mV 193.08431 mV 188.149 mV

Figure 36. Vcross—HCSL Dual-Termination SWING = 800mV on OUT11
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Measurements
Measurement Current Mean Min Max | Range (Max-Min) | Std Dev
V amptd(3) 464.282 mV 464.282 mV 464.282 mV 464.282 mV 0.0V 0.0V
@ Vamptd(1) 463.734 mV 463.734 mV 463.734 mV 463.734 mV 0oV 0.0V
Crossing(3-1) 211.715 mV 211.715 mV PARNALR Y 211.715 mV 0.0V 0.0V
@ Crossing(1-3) PARWAER Y PARNAER Y PARWAERLY 211.715 mV 0oV 0.0V

Figure 37. Vovs—HCSL Dual-Termination SWING = 850mV on OUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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Measurements

Measurement Current Mean Min Max | Range (Max-Min) | Std Dev
V amptd(3) 464.282 mV 464.282 mV 464.282 mV 464.282 mV 0.0V 0.0V

@ Vamptd(1) 463.734 mV 463.734 mV 463.734 mV 463.734 mV 0.0V 0.0V
Crossing(3-1) 211.715 mV 211.715 mV 211.715 mV 211.715 mV 0.0V 0.0V
@ Crossing(1-3) PANAEN Y 211.715 mV 211.715 mV 211.715 mV 0.0V 0.0V

Figure 38. Vovs—HCSL Dual-Termination SWING = 850mV on nOUT11
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Measurements @ >R
Measurement Current Mean Min Horizontal Vertical
V amptd(3) 463.265 mV 463.265 mV 463.265 mV 216.670000 mV
@ Vamptd(1) 465.767 mV 465.767 mV 465.767 mV 209.170000 mV
Crossing(3-1) 205.058 mV 205.058 mV 205.058 mV
@ Crossing(1-3) 205.058 mV 205.058 mV 205.058 mV

Figure 39. Vcross—HCSL Dual-Termination SWING = 850mV on nOUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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Measurements i -0
Measurement Current Mean Min Horizontal Vertical

V amptd(3) 488.602 mV 462.378 mV 421.193 mV 495.000000 mV

© V amptd(1) 488.993 mV 463.044 mV 421.349 mV 7.50000000 mV

Crossing(3-1) 223.240 mV 211.42301 mV 194.016 mV

@ Crossing(1-3) 223.240 mV 211.42301 mV 194.016 mV

Figure 40. Vovs—HCSL Dual-Termination SWING = 900mV on OUT11
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Measurements
Measurement Current Mean i Marker Horizontal Vertical
V amptd(3) 488.602 mV 462.378 mV 421.193 mV M1 495.000000 mV
® V amptd(1) 488.993 mV 463.044 mV 421.349 mV M2 7.50000000 mV
Crossing(3-1) 223.240 mV 21142301 mV 194.016 mV
@ Crossing(1-3) 223.240 mV 211.42301 mV 194.016 mV

Figure 41. Vovs-HCSL Dual-Termination SWING = 900mV on nOUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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Measurements @ v 2
Measurement Current Mean Min Horizontal Vertical

V amptd(3) 487.820 mV 487.820 mV 487.820 mV 221.670000 mV
® V amptd(1) 489.775 mV 489.775 mV 489.775 mV 232.500000 mV
Crossing(3-1) 217.669 mV 217.669 mV 217.669 mV
©® Crossing(1-3) 217.669 mV 217.669 mV 217.669 mV

Figure 42. Vcross—HCSL Dual-Termination SWING = 900mV on OUT11
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Measurements

Measurement Current Mean i Marker Horizontal Vertical

V amptd(3) 512.532 mV 511.193 mV 495.875 mV M1 6.67000000 mV
@ V amptd(1) 514.643 mV 512.749 mV 497.204 mV M2 519.170000 mV
Crossing(3-1) 236.468 mV 237.7246 mV 234431 mV
@ Crossing(1-3) 236.468 mV 237.7246 mV 234431 mV

Figure 43. Vovs—HCSL Dual-Termination SWING = 950mV on OUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3
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Measurements @ +
Measurement Current Mean Min Horizontal Vertical
V amptd(3) 512.532 mV 511.193 mV 495.875 mV 6.67000000 mV
® V amptd(1) 514.643 mV 512.749 mV 497.204 mV 519.170000 mV
Crossing(3-1) 236.468 mV 237.7246 mV 234431 mvV
@ Crossing(1-3) 236.468 mV 237.7246 mV 234431 mV

Figure 44. Vovs—HCSL Dual-Termination SWING = 950mV on nOUT11
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Measurements @ v B
Measurement Current Mean Min Marker Horizontal Vertical
V amptd(3) 514721 mV 514.721 mV 514.721 mV M1 243.330000 mV
@ Vamptd(1) 517.067 mV 517.067 mV 517.067 mV M2 235.830000 mV
Crossing(3-1) 228322 mV 228.322 mV 228322 mV
@ Crossing(1-3) 228.322 mV 228.322 mV 228.322 mV

Figure 45. Vcross—HCSL Dual-Termination SWING = 950mV on OUT11
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3

J| 770 mv

500 ns

B -8 . n
V amptd(3) £58.20 mV/ 651.717 mvV, 502.86 mV £63.14 mV/ 160.29 mvV V ©54.000000 mV ==

@ V amptd(1) 65641 mV 648.633 mV/ 503.31 mV 660.00 mV' 156.69 mV | ooV === -654.000000 mV'
Crossing(3-1) 31863 mv 314.9990 mV/ 235.89 mV/ 324.00 mV 88.11mV H

@ Crossing(1-3) 318.63 mV/ 314.9990 mV 235.89 mvV 324.00 mv/ 88.11 mv

-25.0ns. 5.00 ns

©b5.00ns/ Jo.os

1

s . -
Messurement | Curent | Mean | Min | Max | RangeMachin)|  Marer

V amptd(3) 657.31 mV 630.648 mV/ 502.86 mV/ 663.14 mV 160.29 mV 660.000000 mV/

© V amptd(1) 656.86 mV/ 628.173 mV 503.31 mv 660.00 mV/ 156.69 mV | M2 608.000000 mV == -52.0000000 mV
Crossing(3-1) 31955 mv 303.9874 mv 235.89 mvV. 323.01 mv EYRER Y H

@ Crossing(1-3) 319.55 mV/ 303.9874 mV 235.89 mV 323.01 mvV/ 87.13 mV

Figure 47. Vovs—HCSL Dual-Termination SWING = 950mV, HCSL Boost = Enabled on nOUT11
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-
310ps 147 ns

16ns/ |4.9491 ns @@y |

Measurement | Mean | [ mac | -Mi

V amptd(3) 3 647.484 mV 604.33 mV 677.96 mV/ 328.000000 mV

© V amptd(1) 645.071 mV/ 597.14 mV 675.27 mV/ 306.000000 mV/ = -22.0000000 mV'
Crossing(3-1) 319.02 mv 319.0680 mVv/ 315.03 mV/ 32295 mV 7.92 mv

@ Crossing(1-3) 318.67 mv. 319.0680 mV 315.03 mV 32295 mv 7.92 mvV

Figure 48. Vcross—HCSL Dual-Termination SWING = 950mV, HCSL Boost = Enabled on OUT11

4. FC3 EVB Waveform Measurement Method

41 HCSL Internally Terminated
= Scope: Keysight MAX404A
= Probe: Keysight 1131B x2

Probe HCSL positive signal on R140 pin1 (OUT11) and probe HCSL negative signal on R145 pin1 (nOUT11).
Ensure the probe’s ground connection is as short as possible during the measurement.

R139
OUT11 . o1
1 2
Ch1 Probe point 0.00
Ch2 Probe point: R147 Je3
nOUT11 nO11 m=n=
- 1 2 || %I'l
0.00
All five resistors need be removed! common probe Gound
Figure 49. Probe Points of HCSL Internal Termination Mode
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HCSL Output Termination Scheme and Waveform Measurement on FemtoClock3

4.2 HCSL Externally Terminated

= Scope: Keysight MAX404A. Scope Channels select 50Q impedance.
= Scope: Keysight EXR054A. Scope Channels select 50Q impedance. (HCSL boost enabled measurements

only)
= 500 coaxial cable x2

Use two pieces of coaxial cable (SMA< -- >BNC) and connect HCSL pairs to scope for measurement.

Note: See Figure 34 for HCSL dual-termination waveform measurement.

R139
0UT11 011
1 2
0.00
R147
nQUT11 no11
1 2
mount serial 0ohm resistors(R139,R147), 0.00
un-mount termination resistors(R140,R145) connect J80/J83 to

Scope by coaxial cable

Figure 50. Probe Points of HCSL External Termination Mode

4.3 LVDS

= Scope: Keysight MAX404A
= Probe: Keysight 1131B x2

Probe LVDS positive signal on R140 pin1(OUT11) and probe LVDS negative signal on R145 pin1(nOUT11).
Ensure the probe’s ground connection as short as possible during the measurement.

R139
OUT11 . 011
1 2
Ch1 Probe point 0.00
Ch2 Probe point R147 J83
nOUT11 nO11 u=nei
] AN || poll |
mount 50ohm resistors on R140,R145; be G q o
de-mount R143,R139,R147. common probe oun
Figure 51. LVDS Waveform Measurement
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4.4 Measurement Bench

Figure 52. Waveform Measurement with Probe

KEVSIGHT  MXR4O4A. Mixedsign Oseloscope 4 Ghz 16GSu/s 105it infinilum  MXR-Series 1

Figure 53. Waveform Measurement with Coaxial Cable
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Keysight Infiniium : Friday, July 28, 2023 4:57:56 BN

Scope) File Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help

110V

Differential Partner 950 mv

. Differential O Every Other Channel
@ Adjacent Channels i 800 mV

B Invert  Signal Type : Unspecified Channels 1 & 3

Acquisition HW & Display

seay [ea1Ha) | Sea BwiL

Signal Type... 650 mV
Scale <

oy Y B L .
- m

Offset Probe...

500 mV = 350 mV

‘7 R Probe Cal... m
Trigger... 200 mv

W Labels |1
Impedance Coupling

-100 mv
Os00Q O bc
-3.79ns 212ps 121ns 1

|W ® 1M | @ AC

50 mv

Measurements
Measurement Current Mean i Marker Horizontal Vertical
Frequency(2) 156.25019 MHz  156.12509 MHz M1 486.000000 mV
© Frequency(1) 156.25028 MHz  156.10286 MHz 2 504.000000 mV
V amptd(2) 886.80 mV 886.123 mV 83431 mV
® Vamptd(1) 897.51 mV 906.201 mV 852.49 mV

Figure 54. Scope’s CH1 and CH2 Need to Set 50Q Impedance when Connecting with Coaxial Cable

5. Revision History

Revision Date Description

= Added list item 3 (Enable Boost) to section 2.
1.02 Sep 17,2024 | = Updated Figure 8.
= Added Figure 46, Figure 47 and Figure 48.

1.01 Jun 18, 2024 | Updated power rails to 1.8V from 3.3V in Figure 1 through Figure 7.
1.00 Feb 1, 2024 Initial release.
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