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High-Performance Connectors—The
Often-Underestimated Weak Link

In an era of increasing speed and complexity, designers must perform
careful characterizations of available connector options.
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0 answer the eall for
Tf'u.qtm' systems with over

inecreasing. /Dy rates,
manufacturers are revamp-
ingr older bus structures such
a= the VM Ebus, while devel-
oping new bas structures
such as the CompactPCL As
a result of these faster data
rates, it is more important
than ever to hone the inter-
connect path by focusing on
possibly its weakest link--
the connector. Because con-
nectors affect both the per-
formance and chavacteristics
of the interconnect path; it is essential
for enginecrs to make more precise
messnrements to confirm the simula-
tion model used in cireuit desipn, TEis

important to veview the measurement !

fundamentals, and how basic charae-
terietics are derived from the relevant
formulas. Armed with this informa-
[-iiﬁ“, thf.‘ llE‘[‘{":-'t:-'hEi.!"}' easUrernenta can

then be taken to provide the basis foy

thie verification of & connector SPICE

i simmlation. For this purpose, two pop-

nlar connector systems will be exam-
ined: the older, high-density (HID) 160-
pin DIN connector and the 2-mm
hard-metric (HM) eohnectorthat is
used to handle larger numbers of dig-
nals and higher frequencies,

Dhie to the stringent performance

demands of higher sipgnal frequencies
and data rates, the short electrical
length of connectors in the signal

.I understands how the connector will behave in the
dircuit will get products to market more quickly, and with fewer
surprises.

path can no longer be ignored. Good
i eapacitance, inductarice, reflections,

electromagnetic  compatibility
{EMC) and RF performance must be
part of the design eriteria of all eom-
ponents within the signal path. The
key parameters affecting the RF
performance of the connector aystem
ape: capacitance, inductance, charae-

L during instrument,

terigtic impedance, signal propaga- ;|
tion delay, differential time delay |

(skew), reflections, phase shift,
erosstalk, and shielding efficiency.
Speeial test boards, made from
standard FR-4. were built with
pactido-coaxial layouts (Fig. 1. The
signal traces were implemented ns-

ing 50-02 stripline constrie-
tion. SMA connectors were
installed for injecting signals
and connecting test equip-
ment. Various confipura-
tions of ground pins, unused
pins, and driven ping were
examined (Fig. 2).

Two fundamentally different
measurement methods—
time domain and frequency
domain--were used Lo mea-
sure the parameters, Vari-
able  analog frequencies
were uzed for the measure-

ments in the requency do- |

main,

In addition, a network ana- |
lyzer, a signal generator with a |

H

spectrum analyzer, and a Wheat-

stone bridee arrangement measured

and erosstalk.

In general, digital signals with very |
fast rise-times are used for time-do- |
main measurements, with a time-do- |
. Tain reflectometer (TDR) as the mea- |

oblains the characteristic impedance
eurve and the signial propagation delay,

The digital signals change state
very rapidly (in the region of picosec-
onds), and produce a frequency spee-

trum that extends np to 20 GHz {due |

to the edge-rate effect). As g result,
the measuring setup must meet tight

This method |

Ll
E

(1)



PIPS HIGH-PERFORMANCE CONNECTORS |

Fig. 1: RF measurements on connectors were made using a printed-circuit test board made from
FR4 materiol. The signal traces were implemented using 50-C2 stripline construction and SMA

connectors were instolled for injecting signals and connecting test equipment.

specifications or spurious effects may |

substantially corrupt the results. In
addition, the RF behavior of the con-
nector also is a function of the sipnal’s
rize time. For sinusoidal signals, the
frequency s easily determined. For
digital signals, the equivalent analog
frequency spectrim must be ¢alcu-
lated. Fourier analysi= can be used,
and the following approximation is
appropriate:

faniMHz) = 5 foa(MBit / 5}

or
350

il MHz) = ———
Tens)*

*Tr = rise time

Analyzing Parameters

Capacitance and inductance are
the two key quantities which deter-
ming the characteristic impedance.
The characteristic impedance is an
important factor when considering
the RF behavior of connectors.

The capacitance of a parallel-plate
capacitor is given by the following
formula:

AxEr=En

B i
3

Where A is the surface area, £ 18
the dielectric constant, g0 1s the elec-
tric constant (permitivity of free
space), and s is the distance between
the plates. Therefore, the smaller the
distance betweon the plates and the
greater the area of the plates, the
larger the capacitance, Additionally,
the capacitance is directly progor-
tional to the dielectric constant (air
1) Crosstalk in connectors is caused
by, and directly proportional to, the
coupling capacitance.

The inductance (L) of a straight,
round eonductor iz piven by the fol-
lowing formula:

2l )

K ln—rwRMJ
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One basic point is that the induc-
tance increases as the length of the
conductor inereases, while it de-
ereases with inereasing conductor
crosg-seetion. Aninductance of 8 to 10
nH/em ean be assumed to be as con-
stant as possible over its entire
length as it determines the character-
istic impedance ¢urve. Any abrupt
impedance changes or discontinuities
will eause reflections, Inductiance in
the ground path (ground bounde)
plays an important role in signal
transmission through connectors fea-
turing a large numbeér of contacts,
The effect of this induetance can he
reduced by inereasing the number of
connector ping that are used as a

ground connections through on the |
connector. Thig lowers the total in- |

ductance in the eonnector’s ground
path, reducing interference at high
data rates.

Characteristic Impedance

As mentioned previously, the
characteristic impedance of a condue-
tor is a function of its inductance and
capacitance, and ean be defined as
the line impedance seen by a earrent
that is varvinge with time (signal).

At high frequencies, this can be
approximated as:
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In oiher words, the lower the i
pacitance C, and the higher the in-
duetance L, the greater the charac-
teristic impedance, and vice versa. If
smbstitttions for capacitance and in-
duetance are made in the impedance
formula, an important expression for
| discussing psendo-conxial arrange-
| ments can be obtained. The smalley
the separation between the signal

and the ground contacts, or the |

larper the surface ared between the |
signal and the ground contacts (for |

example, higher capacitance); the

lower the characteristic impedance,

Conversely, the characteristic im-

pedanee increases as the conduetor

eross-section decreases (due to
higher inductance).

{ - These interrelationships are im-

Fportant when interpreting the im:

i
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Pin configaration po.1

* wasle ol space

Pin configuration no.2
» aidgasent greund ping
* low trpsslalk

+ poad mgedance

Pin configuration ap.d
+ dingenal ground relation

» nil aplimal tresstalk
* high impedants

Pin configuration mo.4
+ flipect groued relzfisn
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i ® oW imperance

Pin configuration no.5
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+ acepltatle crosstalk
* jow impedance

* ralio signaligreund 1,1

Pin configuration no.6

+ direct ground relation
* crassiai nof optinsl
« |ow impedance

() signal ) round (@) no conmected

Fig. 2: Various configurations of grl:.l.l:l;iwp'lls,
unused pins, and driven pins were examined
to find the optimum loyout.

Dstillaszape (HPS41208 D50}

Puse generstor (D ba 20 GHz)

Fig. 3: The impedonce charocteristic, signal propagation delay, and skew were determined using
TDR with an HP 541208 D50, o four-channel step generator (de to 20 GHz, HP 541214), and
terminating resistors, in addition to o special-purpose test adapter for connector assemblies.

pedance characteristic of connector |

assemblies, and must be taken into
eonsideration when designing con-
nectors. A= far as crosstalk is con-
cerned, the lower the characteristic
impedance of neighboring lines, the
lower the erosstalk. However, in
the caze of bus systems, the lower
limit is determined by the driver
power of the bus driver 1Cs,

Using a TDR to measure the char-
actoristic impedanee curve involves
applying a very high-speed digital
pulge to the device-under-test. Some
of the leading edpe of this pulse s re-
flected back Lo the measuring head
whenever it encolinters a disconti-
nuity in the characteristic imped-
ance, such as conductor bends or
changes in diameter! shape bl the
eonductors within the connecton
The characteristic impedance along
the line i= then ealeulated, with ref-
erence to an impedance (50 £33, from
the amplitude of the reflection of the
injected signal. The measuring sys-
tem’s resolution is determined by
the dielect ric constant and, erucially,
by the rise time of the pulse, The
propagation speed of the measure-
ment pulse is given by:

Vi = e N B
Conzequently, the resolution, X, is
oiven by:
Ke=wvixite/2

Or

A rise time of 35 ps was used for
the above measurements, giving o
resolution of approximately 3 mm,

The signal propagation delay and
shkew values for the various connec-
tor stvies alzo were recorded with a
TDR. The TDR plots indicate twice
the propagation delay (including re- |
flection) for any given sipnal path.
Reflections can be dezcribed by vari-
s chavacteristic values: reflection
coefficient, retarn Toss, and the
VEWER (voltage standing wave ra-
tio). The reflection coctficient iz the
ratio of the reflected and incident en-
ergy at an unmatched trangition
point, and ig equal to the ratio of the
impedances (v = (Z-ZW(Z+4)) The
return loss is the log of this ratio
a= -20log v

A standing wave iz produced
when the reflected and ineident
waves are superimposed, and the
VEWR is the différence between the |
maximum and the minimum wave
energy. The VEWR ean he calenlated
from the reflection coefficient using
the followine formula:

VSWR= 1L

The reflection not only depends on

i changes inimpedance, bit alsoon the |
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