RENESAS Application Note

HCSL Output Termination Scheme and Waveform Measurement on
FemtoClock™ 3 Wireless

Introduction

The FemtoClock™ 3 Wireless (FC3W) family supports HCSL drivers with internal or external terminations. This
document describes the termination schemes and the resulting amplitude and cross-voltage measurements.
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HCSL Output Termination Scheme and Waveform Measurement on FC3W Application Note

1. Termination Scheme

The FC3W family of devices support transmitter internal termination (see Figure 1). Integrating the terminations
inside the transmitter simplifies the BOM and the board design.

1.8V

1.8V

~

Figure 1. HCSL Transmitter Internal Termination — Simple Topology

HiPerClck CLK_nCLK

—

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
0=t |
RS
o= 100
HiPerClock CLEK_nCLK
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Figure 2. HCSL Internal Transmitter Termination with Optional Resistor

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

VICC =1.8v 1.8V

Figure 3. HCSL Common External Termination

HiPerClock CLK_nCLK

Figure 4 shows another common termination scheme used in PCle applications with the termination placed
close to the transmitter.
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HCSL Output Termination Scheme and Waveform Measurement on FC3W Application Note

1.8V
o=
RS
0= i 100
HiPerClock CLK_nCLK
R R2
5 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 FC3W'’s internal terminations. The combination of the FC3W 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 FC3W amplitude should be set to the maximum

setting of 30% boost.
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Figure 5. HCSL Dual-Termination for Receivers with Internal Terminations

Figure 6 shows how to interface an FC3W HCSL output to an LVPECL receiver. It uses AC-coupling and a re-
bias. R1 and R2 can also be omitted when the FC3W HCSL driver is configured to use internal terminations.

1.8V

0 = 50 rd
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Figure 6. Termination Example of HCSL to LVPECL
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HCSL Output Termination Scheme and Waveform Measurement on FC3W Application Note

2. OUTx Mode Setting in RICBox

The following section and Figure 7 describes how to setup the HCSL configuration using the RICBox GUI.

1. Output Type — Select HCSL internally terminated or HCSL externally terminated.
2. Differential Amplitude Boost — Enable 0% (no boost), 15%, or 30% boost.

QUTO_PAD

VDS

FREEE

HCSL {internally terminated)
ouTo HCSL (externally terminated)

CML (internally terminated)

CML (externally terminated)
Frequency 50 H .
POWERED DOWNRN (Hi-Z)

Qutput Type HCEL (externally terminated) vl i‘ DISABLED (Low/High)
DISABLED (Hi-Z)

Differential

Amplitude Boost Boost =0 \\E

Actual Frequency:  S50MHz \ Boost=0
Boost 15%

Enable Control
Boost 15%

Boost up to 30%

Enable Source out_driver_en... *~ ﬁ‘ MMode P.':m-:ihﬁI
Enable ﬁ-'

Figure 7. FC3W HCSL Termination and Boost Settings in RICBox

Note: When the Output Type selected is HCSL (externally terminated), the GUI automatically sets the internal
termination to disabled.

3. FC3W Evaluation Board Waveform Measurement Method

3.1 HCSL Internal Termination

= Scope: Keysight EXR054A. Scope Channels set to high impedance
= 50Q coaxial cable x2
= FC3W output configured to HCSL internally terminated

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

C288

ouTo 1 || 2 SMA_OUTO
I - Connect J261/J263 to
0.1uF scope via coaxial cable
Enable Internal Termination on Replace Capacitors with 0 Ohms -u
ouTo C289 - Set scope to High
nOUTO 1. ||_2 _ SMA nOUTO Impedance
I
0.1uF

Figure 8. Probe Points of HCSL Internal Termination Mode
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HCSL Output Termination Scheme and Waveform Measurement on FC3W Application Note

3.2 HCSL External Termination

= Scope: Keysight EXR054A. Scope Channels set to 50Q impedance
= 50Q coaxial cable x2
= FC3W output configured to HCSL externally terminated

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

C288
OUTO 1 [ 2 SMA_OUTO -
o ) \LL - Connect J261/J263 to
0.1uF i ial cabl
Replace Capacitors with 0 Ohms ! Seope v coma eRhE
289 - Set Scope to 50 Ohms
nouTo 1 [ 2 SMA_nOUTO
[
0.1uF

Figure 9. Probe Points of HCSL External Termination Mode

3.3 HCSL Dual Termination

= Scope: Keysight EXR054A. Scope Channels set to 50Q impedance
= 50Q coaxial cable x2
= FC3W output configured to HCSL internally terminated

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

c288
ouUTO 1 [ 2 SMA_OUTO .
o ) \Q - Connect J261/J263 to
0.1uF i ial cabl
Replace Capacitors with 0 Ohms ! Seope v coma eRhE
289 - Set Scope to 50 Ohms
noUTO 1 ||_2  SMA_nOUTO
I
0.1uF

Figure 10. Probe Points of HCSL Dual Termination Mode

R31ANO092EU0100 Rev.1.00 RENESAS Page 5
Aug 1, 2025
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4. HCSL Amplitude and Cross-Voltage Measurement

Table 1 lists the HCSL measuring data on the FC3W evaluation board for a variety of termination schemes.
Waveforms for each case are shown in Figure 11 to Figure 28. For these figures, the yellow waveform is OUTO
and the blue waveform is nOUTO. For more information on the EVB test method, see FC3 EVB Waveform
Measurement Method.

Table 1. Vovs and Vcross Measurement

Vovs (mV) '] Vcross (mV) &
HCSL Termination Mode Am[:)llfi:i:‘e:gilost OUTx nOUTx OUTx Rising/ | nOUTx Rising/
nOUTXx Falling OUTXx Falling
0% 749 769 368 372
Internal Termination 15% 913 935 432 444
30% 1045 1080 480 492
0% 785 771 390 345
External Termination 15% 925 915 483 429
30% 993 986 534 483
Dual Termination 0% 386 387 182 140
Note: Enable internal HCSL termination and 15% 469 459 224 176
add external termination. 30% 536 535 250 208

1. Vovs = Peak-to-peak output voltage swing on each OUTx and nOUTx pin.

2. Vcross = voltage crossing point. Voltage level where the rising edge of the output p-side waveforms intersects the output n-side waveform
and vice-versa.
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-150ns

200>

Measurement | curent | mean [ min [  Max | Range(MaxMin

@ V amptd(1) 749.39 mvV/ 749.230 mvV/ 733.88 mvV 75837 mV 2449 mvV 768.000000 mV ==

V amptd(3) 768.98 mV/ 770.280 mV/ .82 mV 779.59 mV/ 18.78 mV | = 12.0000000 mV/ == -756.000000 mV
@ Crossing(1-3) 371.95 mv 372.2247 mV 368.89 mvV 37577 mV 6.88 mv f

Crossing(3-1) 371.95 mv. 3722249 mv 368.32 mvV 37577 mvV 7.45 mv

Figure 11. Vovs — HCSL Internal Termination, Boost = 0% on OUTO (yellow trace) and nOUTO (blue trace)
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Mesurement | Curent | Mean | Mn | Max | Rangeachini| warer
© V amptd(1) 737.14 mvV. 737.14 mV 737.14 mvV 737.14 mv 372.000000 mV =
V amptd(3) 758.37 mV 758.37 mV/ 75837 mV 758.37 mV 1 368.000000 mV/ - -4.00000000 mV/
@ Crossing(1-3) 364.44 mV 36444 mV 36444 mv 364.44 mV E
Crossing(3-1) 364.44 mV 364.44 mV 36444 mV 364.44 mV

Figure 12. Vcross — HCSL Internal Termination, Boost = 0% on OUTO (yellow trace) and nOUTO (blue trace)

SE3 [2OILIBA | Sed |

Measurement [ men | min |
@ V amptd(1) 913.47 mV 826.579 mV/ 73469 mvV 92245 mvV 187.76 mV. 936.000000 mV =
V amptd(3) 934.69 mV 848.287 mV 760.82 mV 947.76 m\V. 186.94 mV | 20.0000000 mV = -916.000000 mV
@ Crossing(1-3) 432.61 mV/ 396.0623 mV 361.56 mV 43540 mV/ 73.84 mv ]
Crossing(3-1) 432.61 mV 396.0623 mV 361.56 mV 435.40 mV 73.84 mv

Figure 13. Vovs — HCSL Internal Termination, Boost = 15% on OUTO (yellow trace) and nOUTO (blue trace)
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SeB| [BOIUBA | SEdI SWILL

108 ns

@ V amptd(1) 950.71 mV 950.71 mV/ 950.71 mV 950.71 mV X 444.000000 mV

V amptd(3) 974.52 mV 974.52 mV/ 974.52 mV 974.52 mvV X 432.000000 mV == -12.0000000 mV
@ Crossing(1-3) 43261 mv 43261 mV 43261 mV 43261 mv

Crossing(3-1) 43261 mvV 432,61 mV 432.61mvV 432,61 mv
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-250ns -200ns 100ns 200 ns

@000 Joos

2 Bl il | Markers -
© V amptd(1) 1.04490 v 1.04490 v 1.04490 v 1.04490 v - 16.0000000 mv -
V amptd(3) 1.08000 V 1.08000 V 1.08000 V 1.08000 V 1 1.072000000 V —- 1.056000000 V
© Crossing(1-3) 488.79 mV 488.79 mV 488.79 mV 488.79 mV H
Crossing(3-1) 488.79 mV 488.79 mV 488.79 mV 488.79 mV

Figure 15. Vovs — HCSL Internal Termination, Boost = 30% on OUTO (yellow trace) and nOUTO (blue trace)
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Markers

;
Messrament | Carent | Mean | Min | Max | Range(Macwin|  Marker

@ V amptd(1) 1.09796 V 1.09796 V 1.09796 V 1.09796 V 480.000000 mV

V amptd(3) 1.11918 V 1.11918 V 1.11918 V 1.11918 V X | 492.000000 mV === 12.0000000 mV
@ Crossing(1-3) 480.59 mv/ 480.59 mv 480.59 mv 480.59 mV/ i

Crossing(3-1) 480.59 mV/ 480.59 mvV 480.59 mvV 480.59 mV

Figure 16. Vcross — HCSL Internal Termination, Boost = 30% on OUTO (yellow trace) and nOUTO0 (blue trace)

sea|y |edjiaA | seapy au

-250ns -20, 05 5.00 ns

|@5.00ns/ Joos

@ V amptd(1) 784.90 mv/ 785.874 mV 777.55 mV 79347 mV 15.92 mV 786.000000 mV

V amptd(3) 770.82 mV 773.649 mV 764.08 mV 78245 mV. 18.37 mV | oov === -786.000000 mV
@ Crossing(1-3) 392.97 mv/ 394.4636 mV 386.18 mV 402.75 mV 16.57 mV i

Crossing(3-1) 392.97 mv/ 394.4636 mV 386.18 mV 402.75 mV 16.57 mV

Figure 17. Vovs — HCSL External Termination, Boost = 0% on OUTO (yellow trace) and nOUTO (blue trace)
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“lisomv/ |[soomv | @ 7| Jl | @ J;l‘

@
=
o
&
&
g
=3
8
=
o
S
@

440 ps 164 ns

5.2360 ns @e®©> |

‘

@ V amptd(1) 768.37 mV. 768.37 mV 768.37 mV 76837 mV. 390.000000 mV

V amptd(3) 772.65 mV’ 772.65 mV 772.65 mV 772.65 mV. | 345.000000 mV === -45.0000000 mV
@ Crossing(1-3) 33885 mV 33885 mV 338.85 mvV 33885 mV i

Crossing(3-1) 338.85 mV 338.85mV 338.85 mvV 338.85 mV

Figure 18. Vcross — HCSL External Termination, Boost = 0% on OUTO (yellow trace) and nOUTO (blue trace)

50 mv/  |[500 mv

SEBN |2OILIBA | SEdl B

5.00 ns

@ V amptd(1) 925.10 mV 858.960 mV 77633 mV 1.00469 V/ 22837 mV/ 930.000000 mV/

V amptd(3) 915.31 mV 848.794 mV 76531 mV 994.29 mV 228.98 mV/ | 3.00000000 mV == -927.000000 mV
@ Crossing(1-3) 481.28 mV 439.7461 mvV 384.08 mV 541.87 mvV 157.80 mv :

Crossing(3-1) 481.28 mV 439.7461 mV 384.08 mV 541.87 mV 157.80 mV

Figure 19. Vovs — HCSL External Termination, Boost = 15% on OUTO (yellow trace) and nOUTO (blue trace)
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ses|y [20]1IBA | Sesiy

Measurements

:

@ V amptd(1) 890.82 mV/ 890.82 mV 890.82 mV 890.82 mV/ 483.000000 mV

V amptd(3) 909.18 mV' 909.18 mV 909.18 mV 909.18 mV/ X | 429.000000 mV == -54.0000000 mV
@ Crossing(1-3) 427.89 mV/ 42789 mV 427.89 mvV 427.89 mV i

Crossing(3-1) 427.89 mV 427.89 mV 427.89 mvV 427.89 mV

=
®
=
o
&
3
5
&
8
=
o
]
3

5.00 ns

© Vamptd(1) 993.67 mV. 975.745 mV/ 916.53 mV/ 1.00224V 8571 mVv 999.000000 mV'

V amptd(3) 986.94 mV. 967.117 mV/ 906.12 mV/ 994.29 mV 88.16 mV | == 6.00000000 mV' = -993.000000 mV
@ Crossing(1-3) 535.24 mV/ 519.0737 mV 475.48 mV 54117 mV 65.69 mV :

Crossing(3-1) 535.24 mV/ 519.0737 mv 47548 mV 54117 mv 65.69 mV

Figure 21. Vovs — HCSL External Termination, Boost = 30% on OUTO (yellow trace) and nOUTO (blue trace)
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50 mv/ |[500 mv i |©@» 7
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280 ps 146 ns

-90(
@ 1805 [5.0020 ns (oY P

[ e T v [ Fangetaciin
O V amptd(1) 987.55 mV 987.55 mV 987.55 mV 987.55 mvV 534.000000 mV —-
V amptd(3) 985.10 mV' 985.10 mV. 985.10 mvV/ 985.10 mV 483.000000 mV/ - -51.0000000 mV
(1] Clossing(1 -3) 535.24 mV 53524 mv 535.24 mv/ 535.24 mV
Crossing(3-1) 535.24 mV 535.24 mV 535.24 mV 535.24 mV

Figure 22. Vcross — HCSL External Termination, Boost = 30% on OUTO (yellow trace) and nOUTO (blue trace)

2[100 mv/ |2oomv | @) |

600 mV

500 mv

SED|N [EDIHIBA | SEedl BU

e

-100 mv

200 mv
100 ns 05 100 ns 300ns @)

00>7

© Vamptd(1) 385.71 mv/ 385.946 mV/ 38245 mv 389.80 mV/ 386.000000 mV' ==

V amptd(3) 386.53 mV’ 386.53 mV 386.53 mvV 386.53 mV. | -2.00000000 mV = -388.000000 mV
@ Crossing(1-3) 180.05 mV' 180.05 mV 180.05 mV/ 180.05 mV :

Crossing(3-1) 180.05 mV' 180.05 mV 180.05 mvV/ 180.05 mV

Figure 23. Vovs — HCSL Dual Termination, Boost = 0% on OUTO (yellow trace) and nOUTO (blue trace)
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{100 mv/ [[200 mv >

600 mV.

500 mv.

°
=z
o
&
@
g
=4
8
=
o
I
@

-100 mv

130 ps

°1i7ns/ [4.8144 ns 20 ©>

wessemert | Gorment | wen | Wi | Wax [ Rangeamnin)|  warer ———

@ V amptd(1) 389.80 mV/ 389.80 mV/ 389.80 mV. 389.80 mV . 182.000000 mV

V amptd(3) 387.35 mV. 387.35 mV. 387.35 mV. 387.35 mV . 140.000000 mV/ == -42.0000000 mV
@ Crossing(1-3) 180.04 mV 180.04 mv/ 180.04 mV' 180.04 mV

Crossing(3-1) 180.04 mV/ 180.04 mV 180.04 mV' 180.04 mV/

Figure 24. Vcross — HCSL Dual Termination, Boost = 0% on OUTO (yellow trace) and nOUTO (blue trace)

%2 [100 mv/  |[200 mv

sealy [eo[1IaA | Sealy au

-15.2 n: -102ns

|5.00ns/ [4.8144 ns (oK Ry

@ V amptd(1) 468.57 mV/ 458 278 mV 38245 mvV 471.43 mV 88.98 mV 466.000000 mV
V amptd(3) 467.76 mV’ 459.114 mV 383.67 mV 472.65 mV 88.98 mV -2.00000000 mV

@ Crossing(1-3) 221.62 mV 216.8480 mV 17647 mV 225,00 mV/ 48.52 mV
Crossing(3-1) 221.62 mV 216.8480 mV/ 17647 mV 225.00 mV 48.52 mV

Figure 25. Vovs — HCSL Dual Termination, Boost = 15% on OUTO (yellow trace) and nOUTO (blue trace)
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600 mV

500 mv.
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@

-100 mv

ES

210ps

.
@150y [a814ans [oX XOREY

© Vamptd(1) 468.57 mV 468.57 mV 468.57 mV 468.57 mV . 224.000000 mV

V amptd(3) 467.35 mV/ 467.35 mV 467.35 mV 467.35 mV/ | 176.000000 mV - -48.0000000 mV
@ Crossing(1-3) 221.62 mv 221.62 mV 221.62 mV 221.62 mV f

Crossing(3-1) 221.62 mV/ 221.62 mV 221.62 mV 221.62 mvV

Figure 26. Vcross — HCSL Dual Termination, Boost = 15% on OUTO (yellow trace) and nOUTO (blue trace)

72100 mv/  |[200 mv

500 MV

400 mv

SeB| [EDI1IBA | SeSly Sl

i 200 mv

100 mv

-200 mv
-150ns E 250ns

200>

2
Measurement [ mean [ min [  Max [ Range(Maxwmin

@ V amptd(1) 53551 mv. 530.61 mv 537.14 mv 536.000000 mV/

V amptd(3) 535.10 mV/ 534.649 mV/ 530.61 mV 538.37 mV. 00V == -536.000000 mV
@ Crossing(1-3) 254.78 mV/ 2553374 mV 251.75mV 258.28 mV/

Crossing(3-1) 254.78 mV/ 255.3374 mV 251.75 mvV 258.28 mV/

Figure 27. Vovs — HCSL Dual Termination, Boost = 30% on OUTO (yellow trace) and nOUTO (blue trace)
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600 MV

500 MV

400 mv

SEB| [EOI1IBA | Sesly Wil

§ 200 mv

100 mv

-100 mv/

-200 mv.

1070 @)

Messrament | Gament | Wen | Wi | e [ RangeMastin

@ V amptd(1) 527.76 mV/ 527.76 mV 527.76 mV 527.76 mV 252.000000 mV

V amptd(3) 490.61 mV’ 490.61 mV 490.61 mV 490.61 mV | = 208.000000 mV == -44.0000000 mV
@ Crossing(1-3) 205.97 mv 205.97 mvV 205.97 mvV. 205.97 mv :

Crossing(3-1) 205.97 mV/ 205.97 mV 205.97 mV 205.97 mV/

Figure 28. Vcross — HCSL Dual Termination, Boost = 30% on OUTO (yellow trace) and nOUTO (blue trace)

5. Revision History

Revision Date Description

1.00 Aug 1, 2025 Initial release.
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