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“How to Beat the High Cost of High Speed Interconnec ts” 

 
Why Differential Signaling (for Digital)?  

 
INTRODUCTION 
 
Data transmission has forever changed from the single-ended TTL (transistor-transistor 
logic) era to the differential era.  Low Voltage Differential Signaling (LVDS) is now one 
of the preferred digital interfaces.  This family of logic offers high speed, low power 
consumption, good noise immunity and low emissions of radiated EMI. 
 
As with most technologies, LVDS has a downside; it requires two signal conductors to 
carry a bit stream instead of one.   
 
This differential pair concept is not something new.  CAT-5 cables connecting desktop 
computers to servers have been using unshielded differential pairs for over a decade.  
Telephone companies were using twisted pairs prior to 1900.  It is a well proven 
technology.  
 
Additionally, there are differences between a twisted pair and a differential pair.   
 
A twisted pair not only has the two conductors in close proximity, but the pair rotates 
along their length.  This is the best case without shielding.  A differential pair only has 
the two conductors in close proximity.  You still receive many advantages of a twisted 
pair by using this approach, such as the use of non-impedance controlled connectors, 
such as ZIF connectors, to be used without a significant electrical penalty, while offering 
significant cost savings.   
 

 
SYNOPSIS 
 
This article describes Miraco’s effort to fabricate controlled impedance (Zo) cable 
assemblies from standard polyester based flat flexible cables (FFC) that are designed to 
mate with off-the-shelf ZIF (zero insertion force) connectors.  The ZIF connectors and 
test cables had conductors on a pitch of 0,5 mm.  Coplanar waveguide transmission 
lines, which do not use ground planes, were used in the FFC to control the 
characteristic impedance of the signal traces.  Both single ended signals and differential 
pairs were accommodated, with emphasis on the differential pairs.  The coplanar 
waveguide approach kept all conductors in one plane or layer, which resulted in a lower 
cost cable.  Several material stackups of FFC were tested for their characteristics 
impedance (Zo). 
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OBJECTIVE and GOALS  
 
The primary objective of this effort was to use standard polyester based FFC to make 
moderately high speed digital interconnections at low cost.  The goals of this effort 
were: 

1. fabricate differential pair transmission lines with a characteristic impedance (Zo) 
close to 100 Ohms; 

2. fabricate single ended transmission lines with a characteristic impedance (Zo) 
close to 50 Ohms; 

3. to have high frequency losses, based on the dissipation factor of the materials 
used, comparable to the losses incurred in epoxy glass printed circuit boards 
(PCBs) and in regular flexible printed circuits (FPCs) using polyimide film with 
acrylic adhesive. 

  
 
 
COPLANAR WAVEGUIDE TRANSMISSION LINE  
 
A typical cross-section of a differential pair coplanar waveguide transmission line is 
shown in Figure 1.  Note the lack of a ground plane beneath the signal conductors and 
wide ground conductors on both sides of the signal pair.   
 

 
 

Figure 1:  Differential Pair Coplanar Waveguide Tra nsmission Line  
 
For this type of transmission line, the electromagnetic fields of two signal conductors 
interact with each other as well as with ground returns on both sides of the signal 
conductors.   The characteristic impedance (Zo) of this configuration is dependent on 
the spacing, thickness and width of the conductors, as well as the dielectric constant of 
the insulative material between the conductors.  Typically, the two ground conductors 
are much wider than the signal conductors.  From a practical standpoint, wide ground 
conductors in the test program were made from two adjacent conductors to allow the 
FFC to use standard width conductors.   
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HIGH FREQUENCY PERFORMANCE  
 
A comparison was made between the dielectric materials used to manufacture polyester 
flat flexible cables (FFCs), polyimide flexible printed circuits (FPCs) and epoxy glass 
printed circuit boards (PCBs).  Two key parameters, the dielectric constant (permittivity) 
and the dissipation factor (loss tangent), were used for the comparison.  Table 1 lists 
these parameters for the three dielectric materials.  
 
 

Item 
No.  

Description  
Dielectric 
Constant               
@ 1 MHz  

Dissipation Factor                          
@ 1 MHz  

Comments  

1 
DuPont LF Pyralux 

Copper Clad w/ 
Adhesive 

3.6 TYP .02 TYP 
Used in regular flexible    

printed circuits 

2 FR-4 Laminate          
High Tg Epoxy  4.6 TYP .015 TYP 

Epoxy-glass                        
Material for PCBs 

3 

Sheldahl T-1694         
Polyester Film w/ 
Polyester/Epoxy 

Adhesive 

3.4 MAX .02 TYP Used in FFC Cable 

 
Table 1: Electrical Characteristics of Dielectric M aterials  

 
The dissipation factor of the dielectric materials used greatly influences the high 
frequency losses of a transmission line.  It should be noted that all three materials are 
very close in value (.015 to .02).  The values of dissipation factor for the polyester 
dielectric material used for FFCs and for the polyimide dielectric material (with 
adhesive) used for FPCs are identical.  The dissipation factor of the epoxy glass 
material is also very close.  Based on these similar values, one can reasonably expect 
all three materials to have similar high frequency losses.  In all three materials, the 
dissipation factor indicates that there will be some high frequency loss in the 
transmission lines.  Lower loss materials currently in use have a dissipation factor of 
.00X instead of the .0X values of the above materials.   
 
The dielectric constants of the polyester material and the polyimide material are quite 
similar.  Both materials should have similar signal velocities.  
 
FFC DESCRIPTION  
 
The FFC used for the test program was a forty (40) position FFC with eight (8) “skipped” 
conductor positions.  There was no difference between signal and ground conductors 
until connection to the PCB.  Only a few of the conductor positions were used in the 
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testing for this article.  Skipped positions were done either to offer additional isolation 
between signal pairs or conductors or to modify the characteristic impedance by 
reducing the amount of capacitance from a pair of signal conductors to adjacent ground 
conductors.  
 
The construction of a typical FFC is shown in Figure 2.  Dimensions and typical 
thickness values are also shown.  Note that one conductor is missing or “skipped”.  This 
can easily be done with FFC.   
 

 
Figure 2:  Construction of Typical FFC 
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Three (3) material stackups or constructions were evaluated for their characteristic 
impedance (Zo).  These constructions are shown in Table 2.  

 

Stackup 
Number  

Copper 
Thickness 

Adhesive 
Thickness 

(both layers)  

Dielectric 
Film (PET) 
Thickness 

(both layers)  

#6 .0014 inches 
(35 microns) 

.0015 inches 
(38 microns)  

.001 inches   
(25 microns) 

#8 .0014 inches 
(35 microns) 

.002 inches (50 
microns) 

.002 inches   
(50 microns)  

#11 .004 inches 
(100 microns) 

.002 inches (50 
microns) 

.002 inches   
(50 microns)  

    

Note: The stackup number refers to the nominal FFC 
thickness (in mils) 

 
 

Table 2:  Three Constructions Evaluated for Zo 
 

 
TEST SETUP 
 
The test setup used to make measurements of the characteristic impedance (Zo) of 
various constructions of polyester flat flexible cables (FFC) consisted of a custom epoxy 
glass printed circuit board (PCB) which had microstrip transmission lines and the FFC 
under test which had coplanar waveguide transmission lines.  The transition between 
the PCB and the particular FFC under test was made through a bottom contact ZIF 
connector.   
 
Testing of Zo was done with a Polar CITS500s Time Domain Reflectometer (TDR).  The 
custom PCB contained interface patterns for the TDR probe.  These interface patterns 
connected to three (3) inch long (7,5 cm) microstrip transmission lines.  The far end of 
these PCB transmission lines connected to contact pads for the ZIF connector located 
at the edge of the PCB.   
 
The rise time of the Polar TDR is about 175 picoseconds and was manufactured for the 
production line environment.  Some laboratory grade instruments have much faster rise 
times for finer resolution, but this was deemed to be more than adequate for the 
moderately high-speed digital market.  
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The conductors of the FFC that make up the coplanar waveguide transmission lines 
also connect into the ZIF connector.  The length of these conductors was a minimum of 
12 inches (approximately 30cm).  The three inch transmission line of the PCB allowed 
any TDR probe discontinuity to be isolated from any discontinuity at the ZIF connector 
interface.  
 
FFC circuits with three material stackups were evaluated for their characteristic 
impedance (Zo).  These stackups attempted to cover the range of standard materials.  
For example, copper conductors varied in thickness from thin (35 microns or .0014 
inches) to thick (100 microns or.004 inches).  Two of the three stackups used the thin 
copper.  The difference in these two stackups was the thickness of the dielectric and 
adhesive.  The thick copper stackup used thick dielectric material with thick adhesive to 
aid with embossment.   
 
Bottom contact ZIF connectors were used in this test setup.  Bottom contacts, when 
compared to top contacts, offer a slightly shorter electrical path from the contact point 
on the FFC to the solder pad on the PCB by eliminating any vertical run.  Also, the 
electrical path of a bottom contact remains closer to the ground plane of the PCB.  This 
should give the bottom contact a slightly lower value of series inductance.   
 
CONCERNS 
 
With this coplanar waveguide approach, additional space is needed on the PCBs to 
accommodate wider ZIF connectors due to the increased number of ground conductors 
used.  EMI emissions may also be greater without the use of a ground plane or planes.  
These negatives must be weighed against the higher cost of conventional multilayer 
FPCs with ground planes.                                                                                                  
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RESULTS 
 
The results of the TDR testing are shown below in Table 3.  A sectional view of the 
conductor configurations tested at each test point (TP) are shown immediately below 
this table in Figure 3.  As can be noted, material stackup #11, which as been described 
elsewhere, is much better than the other two configurations in terms of meeting the Zo 
goals.  
 

  
Single Ended Conductor ,       
Adjacent Ground Pairs         

PCB TP1 

Single Ended Conductor,            
Spaced Ground Pairs          

PCB TP10  

Differential Conductors,            
Spaced Ground Pairs                       

PCB TP5 

Differential Conductors,     
Adjacent Ground Pairs                        

PCB TP6 

Material 
Stackups 
Number  

Measured Zo, Ohms Measured Zo, Ohms 
Measured Zo,           

Ohms 
Measured Zo,          

Ohms 

#11 72 121 113 105 

#8 79 135 152 117 

#6 78 133 143 118 

 
 

Table 3: Measured Values of Zo for Three Constructi ons 
 

 
 

Figure 3:  Conductor Configurations Tested 
 
 
 



 8 

CONCLUSIONS 
 
The first design goal, which was to fabricate differential pair transmission lines with a 
characteristic impedance (Zo) close to 100 Ohms was achieved.  Material stackup #11 
achieved Zo values of 105 Ohms and 113 Ohms.  The 105 Ohm value was achieved 
with adjacent ground pairs.  This configuration would probably be used with clock lines, 
since the adjacent ground pairs would give good isolation to any signal pair.  The 113 
Ohm value was achieved with a space (missing conductor) on either side of the signal 
pair.  This configuration would probably be used with standard signals, such as data 
and address lines ground conductors would not be used.  With some minor adjustments 
of the fabrication, the Zo values could be pulled closer to the optimum value of 100 
Ohms.  
 
The second design goal, which was to fabricate single ended transmission lines with a 
characteristic impedance (Zo) close to 50 Ohms was not met.  With adjacent ground 
pairs on both sides of the signal conductor, the Zo ranged from 72 Ohms to 79 Ohms 
with any of the three material stackup’s.  While this value might prove useful in a circuit 
requiring a Zo of 75 Ohms, the real estate overhead is substantial.  Four ground 
conductors are needed for one signal conductor.  Without the adjacent ground 
conductors, the single ended Zo for any material stackup exceeded 120 Ohms.   
 
The third design goal was to have high frequency losses equivalent to losses in epoxy 
glass printed circuit boards and in conventional flexible printed circuits with acrylic 
adhesive.  This goal has also been met, at least by comparing data sheets.  
 
The testing has shown that it is possible to build “low cost” controlled impedance cable 
assemblies using standard FFC material stackups.  In comparison, FFCs offer a 
significant cost savings over FPCs with comparable characteristic impedance.   
 
Some examples would include FFCs under twelve inches versus a FPC typical savings 
of 50% to 100% are realized.  When considering FPC’s twelve inches and longer 
savings of 150% to 250% are common.  An additional benefit to FFC designs is size is 
not a limiting factor.  Cable lengths can be from under one inch to 100 feet and longer.  
The FPC world manufacturers are typically limited by panel size -18 ½ X 24”.  When the 
manufacturers can build longer FPCs it is at a premium.  
  
When examining your design requirements, consider the options of FFC versus FPC.   
 
For additional information Dave Murphy can be reached at MIRACO, 102 Maple St., 
Manchester, NH  03103.  By phone at 603-665-9449 or email dmurphy@miracoinc.com  
 
 


