








































































































































































































































































































































































































































Vitesse Standard Packages 

557 PIN PLASTIC PGA PACKAGE 

Reference Pin 
F G H J K L M N P R T U V W Y AA AS AC AD AE AF AG AH AJ AI< AL AM AN AP AR AT AU AVAW 

10 

11 
12 
f3 

f4 
f5 
f6 

17 

f8 

f9 

20 
21 

22 
23 
24 
25 
26 
27 
28 
29 
30 

3f 

32 
33 

34 
35 

36 
37 

0.012 ± .005-n-

�1�,�~�n�0�3�O� �o�~� -= ===:"""0" 0.355, -- . - --T , 
�j�O�.�1�8�5�~� " 0.235 
I" �~�>�-�J� j 

Section A-A I 0.800 SQUARE---I 
(HEATSINK) 

NOTES: 1) Drawing not to scale. 
2) All dimensions are nominal and in inches unless otherwise stated. 
3) All non-toleranced dimensions are shown at nominal. 
4) Plastic portion is RTP 1400 Ar1S Kevlar filled Polyethersulphone, black. Pins are Phos-Bronze, plated NiiAu. 
Substrate is multilayer polymer/glass and copper. 
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INTRODUCTION 
Several important considerations must be 

taken into account when high speed GaAs (or ECL) 
lCs are interconnected on printed circuit boards. 
Chief among them is the need to properly terminate 
signal trace interconnections and the maintenance 
of low impedance ground and power supply con­
nections. 

This application note reviews some of the 
popular design techniques which are utilized to 
insure the integrity of high frequency signals on a 
printed circuit board While these techniques have 
been used in ECL systems for some time, they may 
not be familiar to designers accustomed to CMOS 
circuits. 

In general, signal traces on circuit boards 
should be treated as transmission lines ifthepropa­
gation delay of the trace is more than one-tenth of 
the rise time of the signal. In the event that the 
propagation delay of the trace is short with respect 
to the rise time of the signal, any reflections caused 
by unterminated transmission lines are masked 
during the relatively slow transition and are not 
seen as overshoot or ringing. 

Because most CMOS circuits have a high 
ratio of signal rise time to trace propagation delay, 
several inches of unterminated signal trace can be 
used without signal distortion. Since edge speeds 

Receiver 
Threshold 

Terminated 

in GaAs components are faster, the trace lengths 
must be considered as transmission lines and must 
be terminated properly to retain signal integrity. 

5 ns 

Figure 1: 200 MHz Signal 

WHY ARE PROPERLY TERMINATED 
TRANSMISSION LINES NEEDED? 

Rapidly changing signals require fast edge 
rates. A 200 MHz 50% duty cycle clock signal, for 
example, has a total period of Sns. This period must 
accomodate a rise time, a fall time and some pulse 
width duration. As seen in Figure 1, this signal can 
result in rise and fall times of approximately Ins 
because of the desire to maintain the pulse signal 
integrity. Since GaAs circuits are designed to 
support signal rates beyond 200 MHz, both ECL 
compatible and 'native' GaAs compatible output 
drivers are designed for sub-nanosecond rise and 

Unterminated 

Figure 2: Signals at Terminated and Unterminated Signal Traces 
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Figure 3: Parallel Terminated Line Model 

fall times. 
Such fast rise and fall time signals require 

that board signal traces are terminated transmission 
lines. Anytime that the propagation delay of a 
signal trace is longer than one-tenth the rise or fall 
time of the signal, an unterminated trace will result 
in voltage reflections which can cause degradations 
in the signal integrity. 

Figure 2 shows the difference in signals ob­
served in terminated and unterminated environ­
ments. As seen, unterminated signal lines can 
result in substantial overshoot and ringing which 
are caused by voltage reflections. 

These voltage reflections can cause a ringing 
signal which can be interpreted as several faster 
signals by the receiver. Terminated transmission 
lines eliminate voltage reflections and therefore 
produce clean waveforms. Generally, signals with 
sub-nanosecond rise and fall times must be termi­
nated if the signal trace length is longer than 0.5 in. 
This is because the propagation velocity of a typical 
signal trace is approximately 2ns/ft. 

TRANSMISSION LINE THEORY 
Transmission line theory is important to an 

understanding of the methods used to terminate 
GaAs signal lines. Figure 3 shows a signal trace 
with typical loads at both ends. Usually, the signal 
trace delay is long when compared with the signal 
rise or fall time and reflections will appear at their 
full amplitude. The output voltage swing at point 
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Tpd ------+1.1 
B 

A, (VA)' is given by: 

...... -- -2V 

V A= (Vht)[RoZ:z~l 
where Vint is the internal voltage swing, Ro is the 
chip output impedance and Zo is the line imped­
ance. 

Since Ro is small compared to the line im­
pedance, the output swing is nearly the same as the 
internal transition. The internal swing is approxi­
mately 1.4 V and the typical output swing is 1.3 V. 
The signal propagates down the line and is seen at 
point B some time, Tpd ,later. The voltage re­
flection coefficient at the load end of the line, rc, is 
a function of the line characteristic impedance and 
the load impedance and is given by: 

(RL -Zo) 
(RL +ZoJ 

rc 

where RL is the termination load resistance and Zo 
is the line impedance (both in ohms). If RL = Zo' 
there is no reflection. For any value of RL close to 
Zo' the reflection is small. 

PRACTICAL TRANSMISSION LINES 
The key to maintaining signal integrity in 

practical high frequency digital systems is the uti­
lization of properly terminated, controlled imped­
ance transmission lines. Controlled impedance 
transmission lines can be realized in several ways. 
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For signal transmission over long distances, co­
axial cables or twisted pairs are popular. Some 
common types of coaxial cable have characteristic 
impedances of 50, 75, 93 or 125 ohms. Twisted 
pairs can be made from AWG 24-28 hook-up wire 
twisted about 30 turns per foot. Such twisted pairs 
have a characteristic impedance of about 110 ohms. 

For signal transmission within a circuit 
board, Striplines and Microstrip lines are usually 
used. A Microstrip line is shown in Figure 4. It is 
constructed with a strip conductor for the signal line 
separated from a ground plane by a dielectric. The 
signal line is made by etching away the unwanted 
copper using photoresist techniques. If the thick­
ness, width of the line, and the distance from the 
ground plane are controlled, the line will exhibit a 
predictable characteristic impedance that can be 
controlled to within 5%. The characteristic im­
pedance, Zo' of a Microstrip Line can be approxi­
mated by: 

z - 87 In [ 5.98h ] 
0-"'e,+1.41 0.8w+t 

where e is the relative dielectric constant of the 
board m~terial (which is typically 5 for FR-4 fiber­
glass epoxy boards), and w, hand t are the di­
mensions indicated in Figure 4 in inches. 

Dielectric 

Figure 4: Microstrip 

The propagation delay of the line may be 
approximated by: 
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Tpd= 1.017 j0.475 e,+ 0.67 nslft 

Note that the propagation delay of the line is 
dependent only on the dielectric constant and is not 
a function ofline width or spacing. For FR-4 fiber­
glass epoxy boards, the propagation delay of the 
Microstrip line is approximately 1.8 ns/ft. 

Figure 5: Stripline 

A Stripline is shown in Figure 5. It consists 
of a copper ribbon centered in a dielectric medium 
between two conducting planes. If the thickness 
and width of the line, the dielectric constant me­
dium, and the distance between the ground planes 
are all controlled, the line will exhibit a character­
istic impedance that can be held constant within 
5%. The characteristic impedance of a Strip Line is • 
given by: : 

0--- n Z _ 60 I [ 4b ] 
re, 0.671tw(0.8 + tlw) 

where er is the relative dielectric constant of the 
medium and b, t, and w are the dimensions shown 
in Figure 3. This equation proves accurate for: 

w t 
(b _ t) < 0.35 and b < 0.25 

and the propagation delay of the line is: 

tpd= 1.017 ,fB,nslft 
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For FR-4 fiber-glass epoxy, the propagation 
delay of the Strip line is about 2.27 ns/ft. Note that 
in both Strip lines and Microstrip, the propagation 
delay is not a function of the width or spacing. 

PARALLEL TERMINATED LINES 
Parallel terminated lines such as the one 

shown in Figure 3 are used for fastest circuitperfor­
mance. Standard output drivers on Vitesse's GaAs 
products can drive 50 ohm lines. ASIC products 
also allow for up to 25 ohm drive capability. In each 
case the term "line" refers to a signal transmission 
line, terminated at the receiving end through a 
resistor of the characteristic line impedance to -2 
Volts. With parallel terminated lines, the line 
termination supplies the output pull-down current 
for the open source-follower output FET. Thus, no 
other pull-down resistor is required at the output of 
the driving gate. 

POWER DISTRIBUTION 
Power distribution is an important factor in 

system design. The loss of noise margin dueto 
reduced power supply voltage or noise on the 
power supply lines means a reduction in the circuit 
tolerance to crosstalk and ringing. Points to con­
sider for overall system operation include total 
circuit and termination power, voltage drops on the 
power busses, and noise induced on the power 
distribution lines by the circuits and by external 
sources. 

Vitesse GaAs circuits are designed to inter­
face with each other over a power supply voltage 
range of ± 5% from the nominal-2 Volts without 
a loss of noise margin. However, iftwo chips are at 
different supply voltages or on the same power 
supply with a voltage offset between them, there 
will be a predictable loss of noise margin. 

The main causes of V IT power supply offsets 
between circuits are: 

• Inadequate power busses to handle 
the necessary current 

8-6 

Printed Circuit Board Considerations 

• Separate supplies with common positive 
terminals at slightly different potentials 

• Separate positive grounded supplies with 
an inadequate number of interconnection 
ground bus bars 

Power supply requirements for Vitesse GaAs 
circuits must take into account the fact that a 50 
ohm ECL compatible output sources about 22 rnA 
in a logic HIGH state and no current in a logic LOW 
state. The 22 rnA differential between the two 
states can produce a significant power supply cur­
rent fluctuation. Such an effect should be consid­
ered when specifying the power supply. 

Current fluctuations are by no means insur­
mountable. Brief current changes are smoothed by 
bypass capacitors at the power supplies. Also, the 
typical 50% distribution of outputlogic levels (e.g., 
HIGH and LOW states) tends to minimize current 
changes. 

High frequency noise and ripple from the 
power supply should be avoided. These effects 
produce differences in voltage levels among sec­
tions of a system and lead to loss of noise margin. 
As a rule of thumb, noise can be considered "high 
frequency" whenever the mean wave length of the 
noise (in units of time) is not more than 2 times 
greater than the propagation delay of the longest 
power line. For implementations which use GaAs 
ICs, it is recommended that high frequency power 
supply noise be held to under 25 m V of total signal 
variation. 

When multiple power supplies are used, the 
positive terminals should be connected together 
with a large bus and the output voltages maintained 
as equal as possible. It is desirable to keep the 
power supply levels within 25 mV of one another. 

To achieve the requirements imposed by 
GaAs circuits on power supply distribution, printed 
circuit boards with large ground and power planes 
are commonly used Power supply bypass ca­
pacitors are used on the circuit boards to handle the 
current transients required by the outputs. 

VITESSE Semiconductor Corporation 



Printed Circuit Board Considerations 

Typically, a 1 to 10 microfarad capacitor is 
placed on the board at the power supply inputs and 
a 0.1 to 0.01 microfarad capacitor is connected 
between ground and -2 V on every V TTpackage pin. 
RF type capacitors are recommended because of 
their low inductance. 
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VITESSE 

INTRODUCTION 
Vitesse GaAs products are designed to inter­

face to external circuits with standard ECL and 
TTL signal levels. In some cases, however, slight 
differences exist between the signal levels pro­
duced by these compatible parts and actual silicon 
ECL or TTL components. 

Although Vitesse components use GaAs 
DCFL circuitry internally, the I/O is designed to 
interface directly with industry standard ECL and 
TTL levels. In addition, the FURY Series of gate 
arrays, the VCB50K Standard Cells and the 
V S 12G47 6 4 K S RAM can send and receive signals 
at Vitesse's own internal GaAs levels, thus allow­
ing one device to "talk" directly to another device 
with no translation delays. Figure 1 shows the 
model used to specify system noise margins. 

f ] .... f\t:v>. 
Steady State DC Levels 

+ 

VOH MIN 

All ranges represent 
composite levels over 
process, temperature, 

and voltage. 

VOL MAX 

Figure 1: Noise Margin Model 
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Inferfdting GaASProducts 
,qEeL/TTL I/e} 

ECll/O 
Industry standard ECL I/O signal levels are 

based on voltage levels that result naturally from 
the characteristics of bipolar logic families. In order 
to interface with standard ECL logic, Vitesse com­
ponents use buffered level translators at the input 
and output pads. The input translator consists of a 
differential current switch which drives a level 
shifter. The reference voltage for the differential 
pair can be provided in one of three ways: 

1. Internal Reference 
This option uses the internal reference on the 

chip. No additional pins are required. Noise mar­
gins for this scheme are shown in Table 1. 

2. External Band-Gap Diode 
This option is shown in Figure 2 and involves 

the use of an LM185 diode in conjunction with a 
gate array or standard cell product. The user must 
connect the LM185 to the external reference pin on 
the GaAs device. Use of the external diode refer­
ence provides improved input noise margins (see 
Table 2) over a wider V IT range of -2.0V ± 10% . 

----vee 
External 

LM185 
Reference 

Diode 

Vitesse GaAs 
Device 

External 
Reference 

Pin 

___ Internal VREF I 

Rail 

Figure 2: External Band-Gap Diode Reference 
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Interfacing GoAs Products to ECLjITL I/O 

EeL Device Driving Vitesse Device 
Noise Vitesse Device Driving EeL Device 

Margin 
ECL100K ECL10KH ECL100K ECL10KH 

HIGH 75mV 80mV 145 mV 150 mV 

LOW 80mV 60mV 145 mV 140 mV 

Table 1: Eel Noise Margins Using the Internal Reference 

EeL Device Driving Vitesse Device 
Noise Vitesse Device Driving EeL Device 

Margin 
ECL100K ECL10KH ECL100K ECL10KH 

HIGH 100 mV 105 mV 145 mV 150 mV 

LOW 110 mV gOmV 145 mV 140 mV 

Table 2: Eel Noise Margins Using an External Diode Reference 

EeL Device Driving Vitesse Device 
Noise Vitesse Device Driving EeL Device 

Margin NOTES: 

ECL100K ECL10KH ECL100K ECL10KH 1) Worst case noise margins over 
nominal conditions. 

HIGH 140mV 145 mV 145 mV 150 mV 2) Source for ECL 100K DC 
characteristics: Fairchild F100K DC 
Family Specifications. 

LOW 145 mV 125 mV 145 mV 140 mV 3) Source for ECL 10KH DC 
characteristics: Motorola MECL 
10KH DC Family Specifications. Table 3: Eel Noise Margins Using a Full External Reference 

3. Full External Reference 
The user may provide an external reference 

voltage of -1.32V ± 25 m V to the external reference 
pin. (See table 3 fornoise margins.) AN -8 discusses 
the creation of an external reference using the 
LM185. 

Different but equally important issues arise 
when interfacing Vitesse components' output (or 
any "non-bipolar" ECL output) with a silicon bi­
polar ECLcircuit input. Figures 3 & 4 illustrate this 
situation. In Figure 3, an ECL input is the base of an 
NPN bipolar transistor whose collector is con­
nected to V cc (0 Volts). In order not to degrade the 
switching characteristics ofthis input, it is essential 

8-10 

that this input transistor be kept out of saturation, 
which means that the base collector diode must not 
become forward biased. This condition is assured 
when driving this input with a bipolar ECL output, 
since the emitter follower output cannot go more 
positive than one diode drop below V CC' 

The situation is different when the output 
emitter follower is replaced with a FET such as in 
Figure 4. Vitesse's ECL output driver incorporates 
clamp circuitry to ensure that the output high level 
does not go more positive than -700mV. 

One major difference between Vitesse ECL 
compatible outputs and silicon ECL outputs is that 
Vitesse outputs are "cutoff' drivers which have an 
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output low voltage equal to the V TT supply. In this 
way, a logic low is also a high impedance state and 
several outputs can be bussed together. 

Vcc=OV 

3) 

Vrr =-2.0 

VTT =-2.0V 

Figures 3 & 4: Bipolar & GaAs ECl outputs driving 
an ECl input 

TTL 1/0 
Vitesse ASICs support TTL inputs and out­

puts in addition to ECL I/O. The standard minimum 
input swing specification at a TTL input is :::?:1.2 V 
(0.8 - 2.0 V) compared to 310 m V for ECL. Figure 
5 shows the guaranteed worst case TIL I/O levels 
in Vitesse components. The TTL inputs source a 
worst case current of -500 JlA. 

7992 Product Dota Book 

Vm=+S.OV Vm=+S.OV 

NMH = 400 mV 

* 
f 

f 
NML. 300 mV 

Figure 5: Worst Case TTL I/O Levels for Vitesse 
Products 

TIL compatible outputs impose certain con­
straints on the user. Figure 6 is a schematic repre­
sentation of the TTL output buffer with tri-state 
capability. 

OE 

IN 

Figures 6: TIL Output Buffer Schematic 

One difference between the Vitesse TTL 
totem-pole output and typical silicon TIL is that 
the high level (V OH) typically goes higher in the 
Vitesse output. The high level can be one diode 
drop below V TTL (+5.0 V), whereas in standard 
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TTL, the output generally does not exceed 3.8 
Volts. The low level (VoJ is similar to standard 
TTL (::::0.4 Volts) with the rated sinking current (8 
rnA). 

The TTL output tri-state current voltage 
characteristics are also different from typical sili­
con bipolar devices. Figure 7 shows the TTL output 
tri-state I-V curve. Note that the tri-state leakage 
current, loz' shows a sharp increase near 3.5 Volts. 
This voltage is low, but well beyond the TTL valid 
high level of 2.4 Volts. 

+1 

-1 

-2 -1---+---+---+--+-----1 
2 3 4 5 

\'rome (Volts) 

Figure 7: TTL Output Tri-State I-V Curve 

In a typical system application, there may be 
many TTL outputs from the Vitesse component 
bussed together with either CMOS or TTL open 
collector outputs. The output high level on the bus 
equilibriates at an operating point (Q point) consis­
tent with the I-V characteristics shown in Figure 7 
and the current sourcing capability of the driving 
device. 

The output edge rates in the Vitesse TTL 
outputs are intrinsically fast (see Figure 8). With 30 
pF capacitive load, the edge rates are about 3 ns_ 
Handling very fast edge rates on TTL circuit boards 
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is difficult due to the severe ringing that fast edges 
produce. To controltheringing on the circuit board, 
it is helpful to buffer the TTL outputs with a silicon 
bus interface chip such as the 74244. 

5 

4 

2 

O-P--.,...-,........,~...,.-..,.. 

o 10 20 30 40 50 

C L (pF) 

Figure 8: Capacitive Loading Effect onVitesse TTL 
Output Buffers 

DC SPECIFICATIONS 
The following tables (4-8) taken from the 

FURY Series Gate Array Design Manual arerepre­
sentative of all ofVitesse's GaAs devices. Tables 4, 
5 and 6 give DC specifications for the ECL I/O cells 
using the internal reference, an external diode ref­
erence, or a full external reference, respectively_ 
DC specifications for TTL I/Os are in Table 7. 
Following the tables are specified Recommended 
Operating Conditions and Absolute Maximum 
Ratings. 
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Parameters Description Min Typ Max Units Conditions 

VOH Output HIGH voltage -1020 -850 -700 mV VIN = VIH (max) 

VOL Output lOW voltage -2000 - -1620 mV or VIL (min) 

VIH Input HIGH voltage -1100 - -700 mV Guaranteed HIGH for all inputs 

VIL Input lOW vOltage -2000 - -1540 mV Guaranteed LOW for all inputs 

NOTES: Over recommended operating conditions, Vee = V GGA = GND, Output load = SOC! to VTT" 

Table 4: DC Characteristics for ECl 1/0 Cells Using Internal Reference 

Parameters Description Min Typ Max Units Conditions 

VOH Output HIGH voltage -1025 -850 -700 mV VIN = VIH (max) 

VOL Output lOW voltage -2000 - -1620 mV or VIL (min) 

VIH Input HIGH voltage -1125 - -700 mV Guaranteed HIGH for all inputs 

VIL Input lOW voltage -2000 - -1510 mV Guaranteed LOW for all inputs 

NOTES: Over recommended operating conditions, V GG = VeeA = GND, Output load = SCD to V" 

Table 5: DC Characteristics for ECl 1/0 Cells Using External Diode Reference 

Parameters Description Min Typ Max Units Conditions 

VOH Output HIGH voltage -1025 -850 -700 mV VIN = VIH (max) 

VOL Output lOW voltage -2000 - -1620 mV or VIL (min) 

VIH Input HIGH voltage -1165 - -700 mV Guaranteed HIGH for all inputs 

VIL Input lOW voltage -2000 - -1475 mV Guaranteed LOW for all inputs 

NOTES:Over recommended operating conditions, Vee = VeeA = GND, Output load = SOC! to V TT" 

External reference = -1.32V ± O.02SV. 

Table 6: DC Characteristics for ECl 1/0 Cells Using Full External Reference 
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Parameters Description Min Typ Max Units Conditions 

VOH Output HIGH voltage 2.4 - VTTL V IOH = -2.4mA 

VOL Output lOW voltage 0 - o.s V IOL =8mA 

V,H Input HIGH voltage 2.0 - VTTL V Guaranteed HIGH for all inputs 

V,L Input lOW voltage 0 - 0.8 V Guaranteed LOW for all inputs 

'/H Input HIGH current - - so ~ V,N = VTTL 

'lL Input lOW current -SOO - - ~ Y'N = 0.5 V 

'OZH 3-state output OFF 
current HIGH 

- - 100 ~ Your = 2.4 V 

'OZL 3-state output OFF -100 - - ~ Your = 0.5 V 
current lOW 

IOH Open collector output - - 100 ~ Your = 2.4 V 
leakage current 

Table 7: DC Characteristics for TTL 1/0 Cells (Over recommended operating conditions, TTlGND = GND) 

ABSOLUTE MAXIMUM RATINGS (1) 

Potential Pin to Ground, (VTT ) ••••••••.••.•••••••••••••••••••••••••••••••.•••••• •.•••••••••••••••••••••••••••.•••••••••••••••••••.•••••.• -2.SV to +O.SV 
Potential Pin to Ground, (Vm ) ......................................................................................................... +6.OV to -O.SV 
ECl Input Voltage Applied l2J, {VINECL } •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••.••••••••••••••••••••• +O.SV to VTT 

TTL Input Voltage Applied l2J, {VlNm} ................................................................................................... -O.SV to Vm 

ECl or TTL Output Current, ' OIJT ' (DC, output HIGH) ................................................................................... SO mA 
Case Temperature Under Bias, (Tc ) ............................................................................................... -SSo to +12SoC 
Storage Temperaturel31, (T STC) ......................................................................................................... -6So to + 1S0°C 

NOTES: 1) CAUTION: Stresses listed under ''Absolute Maximum Ratings" may be applied to devices one at a time without 
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for 
extended periods may affect device reliability. 
2) V 7T ' V TTL must be applied before any input signal voltage and VEOLIN input must be greater than V 7T - O.5V. 
3) Lower limit of specification is ambient temperature and upper limit is case temperature. 

RECOMMENDED OPERATING CONDITIONS 
ECl Supply Voltage (Vcc)' (V IT) ........................................................................................................... -2.0V ± S% 
TTL Supply Voltage, (Vm) ................................................................................................................ +S.OV to +S% 
Operating Temperature 121, (T) ............. (Commercial) 0° to 700 e, (Industrial) -40° to +85°e, (Military) -55° to + 125° e 

NOTES:1) When using internal ECL 100K reference level. 
2) Lower limit of specification is ambient temperature and upper limit is case temperature. 
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DESCRIPTION 
Some Vitesse ASIC products need both -2V 

and +5V power supplies. This application note 
describes a method of generating a -2V supply from 
a +5V supply. It is possible to generate the -2V 
supply from a standard +5V supply, commonly 
found in TTL systems, by using a switching regu­
lator IC such as the LTl070 from Linear Tech­
nology Corp. (Milpitas, CA). 

The LTl070 is a monolithic high power 
switching regulator which can be configured with 
the aid of a few external components to create a 
positive input - negative output Flyback Converter. 

+5V 

0.47 J.1F 

Y'N 

Vsw 

The schematic below depicts a Flyback Converter 
configuration capableof+5V to -2V conversion. In 
addition to the LT1070, the circuit includes a 
standard LMl24 op-amp from National Semicon­
ductor Corp. (Santa Clara, CA) and a PE-65108 
Transformer from Pulse Engineering (San Diego, 
CA). Such a circuit is capable of delivering up to 4 
Amps of continuous current at -2 Volts and has line 
regulation of 0.05%N. 

Additional information on the LTl070 and 
the Output Flyback Converter configuration can be 
obtained from Linear Technology Corp. (408/432-
1900) in their Application Note # 19. 

Pin! 

112 Ti 0
1 

(PE·65108) 

Pin 3 

LT1070 1Kn 1.24Kn 
1000 J.1F F8 

GND Vc 

0.01 J.1F 

Pin 6 

(PE·651 08) 10 

Pin5 

Figure 1: Flyback Converter Configuration 
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INTRODUCTION 
This application note describes the SONET 

(Synchronous Optical NETwork) transmission 
standard and how the VS8010 Series ofICs can be 
used to implement SONET. Background informa­
tion is included on both SONET and the VS8010 
Series. A detailed description of SONET conven­
tions and their interface with the features of the 
VS 80 10 product family is included as well. A list 
of specific optical transmitters and receivers which 
are compatible with the VS8010 Series multiplex­
ers and demultiplexers is also provided. 

demultiplexers intended for applications in optical 
fiber telecommunication links which are intended 
to comply with the Synchronous Optical NETwork 
(SONET) transmission standard The series is 
comprised of three chips. They are: the VS8011 
multiplexer, VS8012 demultiplexer and frame re­
covery circuit, and the VS8010 which combines the 
multiplexer, demultiplexer and frame recovery 
circuits into one monolithic entity. 

These chips are the result of a collaborative 
research agreement between Vitesse Semicon­
ductor Corporation and Bell Communications Re­
search (Bellcore). Each chip represents a different 
personalization ofthe Vitesse VSC1500 gate array. 
The VSC1500 is an ASIC device which is opti­
mized for multiplexer or demultiplexer applica-

THE VS8010 SERIES 
The VS80 10 series of integrated circuits are 

a set of high speed GaAs multiplexers and 

High Speed Different.al 
Inputs (It/13) ~ High Speed Differential 

High 
Speed 

Cells 
(HCells) 

Translator 
Calls(T) 

low 
Power 

Cells 
(lCeIIs) 

ECl 
Input 

(12) 

Outputs (01) 

••••••••••••••••••••••••••• 
• lID lID 13 11 01 0\ [ill. 

: ll2J [gJ[gJ[gJDDDDDD 0 0 0 0 lID: 

• ~~DDDDDDDDDDD • 
: [gJDDDDDDDDDDDD : 
• IID 0000000000000 [ill. 

• 0000000000000 • 
: 0000000000000 : 
• • 
:~ ~: 
• • • • @] 1Q2l. · ~ . • @] ~. 
~@] [i2@@l Fili2li21i 1121121121 1121121121 1121121121 ~: 
ii@]T02il02I021! 102 102 1 ~ 102 102 1 ~. 

········l~~~i················ ECL OU1puts (02) C Conligurable VO Block 

Figure 1: VSC 1500 Gate Array Architecture 

1992 Product Data Book 

Die 
Pads 

8-17 

• 



tions. Figure 1 depicts the internal architecture of 
the VSCI520. As seen, the array is divided be­
tween two sections. The top section contains ultra 
high-speed cells capable of flip-flop toggle rates in 
excess of 2 GHz. This section is typically used for 
data serialization and de-serialization in commu­
nications systems applications. The lower section 
contains moderate speed cells capable of ultra low 
power dissipation. These low power cells are 
typically used for data processing, storage and 
manipulation subsequent to de-serialization or 
prior to serialization. 

THE SONET STANDARD 
The SONET transmission standard was de­

veloped by the American National Standards In­
stitute (ANSI) and the T-l Committee of the Ex­
change Carriers Standards Association. Over 200 
individual contributions from more than 40 com­
panies helped to complete the SONET specifica­
tion. This effort establishes, for the fIrst time in 
history, an international telecommunications pro­
tocol for digital optical transmission. 

The basic SONET signal, which operates at 
51.84Mbit/s, is called Synchronous Transport 
Signal 1 (STS-1). It is comprised of digital frames, 
each 125 microseconds long. Each STS-l signal is 
divided into two portions, one assigned for trans­
port overhead and another which contains the ac­
tual data to be transported. The portion of the frame 
containing 

the data is called the Synchronous Payload 
Envelope (SPE). The SPE can be used to transport 
a variety of digital data including telecommunica­
tions DS3 signals, video data, or a number of lower 
rate telephone services such as DS 1, DS 1C or DS2 
signals. The transport overhead information is used 
to maintain the integrity of the digital link and 
contains bytes associated with identifying frame 
boundaries, data parity, maintenance, frequency 
justification, orderwire, channel identification, and 
user specific functions. Figure 2 illustrates the 
STS-1 frame which is arranged into 9 rows of 90 
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bytes each (each row is a sequential 90 byte seg­
ment ofthe STS-1 frame). In each row 87 bytes are 
reserved for the SPE and 3 bytes are associated with 
transport overhead. 

A primary goal of the SONET standard is to 
define a synchronous optical hierarchy with suffi­
cient flexibility to carry many different capacity 
signals. This is accomplished by a byte interleaved 
multiplexing scheme which results in a family of 
standard rates and formats which are integer mul­
tiples ofthe basic STS-l rate of 51.84Mbit/s. Since 
some signals which need to be transported are 
greater than the basic rate (such as broadband 
ISDN) a technique of linking several basic signals 
together to build a transport signal of varying ca­
pacity has also been defIned In general, however, 
higher rate SONET signals are created by inter­
leaving bytes of lower rate SONET signals and 
modifying the appropriate layer of transport over­
head. 

I4-r-----90BYTES-----:1 

"""",\l4--r --10.00"""""ds-----I 

r 
I 

B B B 

'------....A 
TRANSPORT 
OVERHEAD 

B DENOTES AN B-BIT BYTE 

Figure 2: STS-1 Frame 
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The SONET standard only recognizes cer­
tain whole number multiples of the basic STS-1 
signal as valid higher rate signals. The multiplier 
values allowed are 1, 3, 9, 12, 18, 24, 36, and 48. 
Table 1 lists the standard rates and corresponding 
STS levels which are permissible. The rates which 
have gained the greatest popularity in the telecom­
munications community are STS-l, STS-3, STS-
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12, STS-24 and STS-48. In addition to providing 
overhead functions, the SONET standard facili­
tates clock recovery in a digital link by requiring 
that all bytes in a SONET signal be scrambled by a 
frame synchronous scrambler of a sequence length 
of 127 and a generating poynomial of 1+ x6 + x7• 

Certain overhead bytes such as the ones identifying 
frame boundaries are exempt from this require­
ment. The scrambling operation causes the data to 
be exclusive OR'ed with a pseudo random bit 
sequence (127 bits long) and thereby provide data 
transitions in the transmitted signal. These transi­
tions are utilized by clock recovery circuits to 
extract the clock from the data stream in the re­
ceiver. Scrambling is necessary because transition­
poor data (alll ' s or 0' s for example) could cause the 
clock recovery circuits difficulty in performing 
their function. 

Additional information on the details of the 
SONET standard can be found in ANSI document 
T 1.105-1988, "Digital Hierarchy Optical Interface 
Rates and Formats Specification". 

USING THE VS8010, VS8011, 
AND VS8012 

As seen from the previous description, the 
SONET standard imposes an array of fairly com­
plex requirements on a compliant system. Most of 
SONET's requirements for composing the basic 
STS-l frames can be accomodated in pedestrian 
CMOS technology because of the relatively low 
data rates involved The business of interleaving 
these basic signals to form the high speed STS-3 to 
STS-24 frames is much more challenging because 
it involves the use of a circuit technology which can 
handle the 155 Mbits/s to 1.24 Gbits/s data rates 
required. 

In order to maximize the utility of GaAs 
technology to the user while minimizing overall 
system power dissipation, the VS8010 series ICs 
implement only those functions which necessitate 
data manipulation at the fast line rate. These 
functions are bit serialization and de-serialization, 
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and SONET frame recognition and byte alignment. 
Most other required functions (byte interleaving, 
overhead byte alteration, data scrambling, etc.) can 
be accomplished at speeds lower than the line rate, 
and are more appropriately delegated to an exter­
nal, low power, gate array. Data scrambling, for 
example, can quite easily be accomplished at the 
byte rate with the circuit shown in Figure 3. In this 
parallel scrambler, D 1 is assumed to be transmitted 
fustandD8is assumed to be transmitted last. When 
ENABLE is LOW the scrambler is off and inputs 
are equal to outputs. In addition, S IN to S7N are in 
the state which is the correct initial 8-bit scramble 
sequence according to the SONET specification. 
When ENABLE is HIGH the resulting output is a 
scrambled version of the input and is ready for bit 
serialization via the VS8010 or VS8011 as appro­
priate to the application. 

STS Level Line Rate 
{Mbitls} 

STS-l 51.840 

STS-3 155.520 

STS-9 466.560 

STS-12 622.080 

STS-18 933.120 

STS-24 1244.160 

STS-36 1866.240 

STS-48 2488.320 

Table 1: Standard SONET Line Rates 

For line rates up to STS-3 the external gate 
array used to implement functions not provided on 
the VS8010 can be a CMOS device. For line rates 
between STS-12 and STS-24 Vitesse offers the 
FURY or LP Series of gate arrays which feature 
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D11>-r-r-r-----------------r-----~-------r--------~~D10 

D21>-~r-~r---------------r-----~-------r--------~~D20 

D31>-r-r-~~--------------r-----~------_r--------~~D30 

D41>-~r-~~~------------r-----~------_r--------~~D40 

D51>-~r-~r_~~----------r-----~------_r--------~~D50 

>_r-r-r-r----4-+--------r------4-------r-------~~D60 D6 1 ~ 

D0>---r-~r-----~--------r-----~-------r--------~~D70 

D81>-----------------------r-----~-------r--------~~D80 
eLK ~------------------_r----~ 

ENABLE~----------------4-----------~ 

Figure 3: SONET Parallel Scrambler 
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ultra low power dissipation and the ability to inter­
face both with the VS80 10 series chips via EeL 
logic levels and to slower systems utilizing TTL 
logic levels. These lower power devices can be 
used since the VS8010 series res are capable of 
reducing the effective data rate by a factor of eight. 

In applications where the multiplexer and 
demultiplexer are co-located (such as a SONET 
section level node) the VS8010 chip can be used to 
realize the complete transceiver function. Figure 4 
shows a block diagram of a SONET Add-Drop 
MUX capable of STS-24 rates. In the eventthat the 

multiplexer and demultiplexer functions are not 
located on the same printed circuit board, a more 
appropriate configuration would use the VS8011 
for the multiplexing function and the VS8012 for 
the demultiplexing function. The power dissipa­
tion of these individual chips is approximately half 
of the power dissipation of the VS8010 which 
combines both functions. 

FRAME RECOVERY 
The primary capability of the VS8010 series 

res which makes them appropriate for SONET 
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Figure 5: STS-3 and STS-24 Frames 
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applications is their ability to detect the boundary of 
SONET frames from the framing overhead bytes 
and to align the subsequently demultiplexed in­
formation to the frame boundary. This operation is 
difficult to implement after information has been 
demultiplexed and generally requires circuits 
which operate at the transmission line rate. Since 
SONET protocol insists on byte wide multiplexing 
to form higher rate signals, the relative location of 
overhead information is maintained in any SONET 
frame. Figure 5 depicts both an STS-3 and an STS-
24 frame. Although both frames are 125 micro­
seconds long, the amount of information in the 
STS-24 frame is much greater due to the higher 
(1.24 GHz) data rate. Note that in all cases a 
SONET frame begins with a framing sequence. 
The SONET framing sequence is a string of Al 
bytes followed by a string of A2 bytes (AI = 
11110110 andA2 = 00101000). Table 2 shows the 
number of Al and A2 bytes in each SONET frame 
for different line rates. 

STSLn.' Lin. Rat. 6otA1 6otA2 
(Mbit/s) Byt •• Byt •• 

SIS-3 J55520 3 3 

STS-9 466.560 9 9 
STS-12 622.060 12 12 

STS-18 933.120 18 18 

STS-24 1244.160 24 24 

STS-48 2488.320 411 48 

Table 2: A 1 and A2 Bytes in SONET Frame 

PARALLEL 

.I I DATAtN 8:1 SERIAlDATADUT(OQ, 
(0,·0,) , DON) 

I 
MUX 

I CLOCK I N CLOCK OUT 
(CLK!. eLKIN) t (OO,OON) 

1 I BYTE 
CLOCKIN J Timing I (BYClJ<) eLKO 

I Generator I 
f 

.L 
Figure 6: a) 8:1 Multiplexer and b) 1:8 Demultiplexer 
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Figure 6 shows the functional block diagrams 
for the VS801O, VS8011 and VS8012 chips. The 
frame recovery circuits in the VS8010 and VS80I2 
are enabled on the falling edge of the OOFN input. 
Once enabled, the frame recovery circuits start 
looking for the SONET framing sequence. The 
VS8010 and VS80I2 recovery circuits operate 
from STS-3 to STS-24. The frame recovery cir­
cuits look for 3 Ais followed by 3 A2s. The byte 
clock (BYCKO) and parallel byte data output 
(DO I-D08) become invalid on the falling edge of 
OOFN and become valid when Al changes to A2. 
The frame recovery circuits align the received 
serial data on byte boundaries for demultiplexing 
by controlling the timing generator. The byte 
boundary alignment is based on the specific A I and 
A2 byte recognition. The falling edge of OOFN 
must occur at least 4 byte clock periods before Al 
changes to A2. The pulse width of OOFN must be 
at least I byte clock period 

The SONET frame detector monitors the 
incoming data stream. If 3 A 1 bytes followed by 3 
A2 bytes are detected, a frame confmnation signal 
is sent off-chip on the output called FP. The rising 
edge of the FP pulse occurs 2 byte clock periods 
after Al changes to A2 on the demultiplexer par­
allel data outputs. The FP pulse width is one byte 
clock period The frame detection circuitry also 
disables the frame recovery circuits once 3 Al s are 
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1 I I SONET I F" ... 
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Figure 7: VS8010 - 8 Bit MuxlDemux with SONET Frame Recovery 

followed by 3 A2s. This is done to avoid a false FP 
signal in the unlikely event that the data payload 
contains data which is identical to the framing 
sequence. It is the systems responsibility to reac­
tivate the frame detector every 125 microseconds 
(the length of a SONET frame). Once the frame is 
aligned, the FP pulse is generated on every SONET 
frame. If for any reason the FP pulse disappears on 
frame boundaries then this signals the system that 
the frame synchronization is lost The system then 
asserts the OOFN input (HIGH to LOW) to recover 
the system back to a synchronized condition. If the 
FP pulse does not start up again a link failure may 
have occurred. Figure 7 shows the timing rela­
tionships between important signals in the 
demultiplexing and frame recovery operation. 

INTERFACES 
Most inputs and outputs on the VS8010 se­

ries chips are fully compatible with ECL circuits. 
Exceptions to this general rule are the very high 
speed inputs and outputs assigned to receiving and 
transmitting serial data and high speed line-rate 
clock. These interfaces are capable of accepting or 
transmitting data at rates in excess of 1.5 GHz. 
Since ECL circuits arenotcapable of speeds of such 
magnitude, the high speed I/O ofthe VS80 10 series 
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interfaces with AC coupled signals which could be 
generated by oscillators or high speed optical re­
ceivers/transmitters. 

In a typical application the high speed clock 
(CLKIN) and data (DIN) inputs have an external 
chip capacitor connected in series between the 
input and the terminated transmission line carrying 
the high speed signal. Internal circuitry is re­
sponsible for level shifting the AC coupled signal to 
the appropriate DC levels needed for internal op­
eration. The AC coupled signals should have peak­
to-peak amplitudes between 800m V and 1.2V. The 
DC levels required at these high speed inputs, in the 
event of DC coupling, are shown in Table 3. 

High speed outputs CO, CON and DO, DON 
on the VS8010 and VS8011 deviate slightly from 
standard ECL levels. The guaranteed signal levels 
are also shown in table 3. Note that the peak-to­
peak amplitude of these signals is between 620m V 
and 1.3V. 

SUPPORT CIRCUITS 
In the design of an actual SONET compliant 

digital optical link, many additional circuits are 
needed to support the VS8010 series ICs. They 
include optical transmitters and receivers, clock 
recovery circuits, high speed clock generation cir-
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Figure 7: Timing Waveforms for Demultiplexing and Frame Recovery 

Parameters Description Min Typ Max Units Conditions 

V1H Input HIGH voltage -3.1 -3.0 -2.9 V Guaranteed H,I~H signal 
lor high speed inputs 

V1L Input LOW voltage -4.1 -4.0 -3.9 V ~uaranteea L!-!W signal 
lor high speed inputs 

VREF Reference level - -3.5 - V 

VOH Output HIGH voltage -1.1 - -0.7 V Output load, 
500 to -2.0V 

VOL Output LOW voltage -2.0 - -1.72 V Output load, 
500 to -2.0 V 

NOTES:1) A reference generator is built into each high speed input, and these inputs are designed to be AC coupled. 
2) If a high speed input is used single-ended, a 1 OOpF capacitor must be connected between the unused high 
speed or complement input and VEE' 

3) Differential high speed outputs must be terminated identically. 

Table 3: High Speed Input and Output Levels (Over recommended operating conditions. Vce = GND, output 
load = 5lXl to -2.0V.) 
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cuits, frame formatting and byte mUltiplexing cir­
cuits. A list of optical transmitters and receivers 
which are compatible with the VS8010 family are 
listed below. 

OPTICAL TRANSMITTERS 

Company Model Number Performance 

BT&D XMT 1100 up to 1.4 Gbls 
- 1 mW output power 

BT&D XMT 1300 up to 1.4 Gbls 
- 200IlW output power 

AT&T ASTROTEG 1218 up to 1.0 Gbls 
Ortel 3510A up to 3.0 Gbls 
Ortel 3510B up to 6.0 Gbls 
TAGAN TX1250 up to 1.25 Gb/s 

OPTICAL RECEIVERS 

Company Model Number Performance 

BT&D RGV1101-50 upto 50 Mb/s 
BT&D RGV1101-150 up to 150 Mbls 
AT&T ASTROTEG 130SA up to 1. 7 Gbls 
Ortel 3510A up to 3.0 Gbls 
Ortel 3510B up to 6.0 Gbls 
TAGAN RX1250 up to 1.25 Gb/s 

Key to Optical Transmitter/Receiver 
Vendors: 

Ortel Corporation 
2015 West Chesmut St. 
Alhambra, CA 91803 

AT& T Technologies 
555 Union Blvd. 
Allentown, PA 18103 

TACANCorp. 
2330 Faraday Ave. 
Carlsbad, CA 92008 

BT&D 
2 Righter Parkway 
Wilmington, DE 19083 
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INTRODUCTION 
This application note describes the funda­

mentals of metastability as well as a method of 
characterizing metastable behavior. The results of 
the characterization are applied to a general failure 
rate formula to predict the reliability of data syn­
chronizers implemented using GaAs DCFL regis­
ters. 

METASTABILITY THEORY 
In any system where a single flip-flop (or 

latch) is used to resolve the timing conflicts be­
tween two asynchronous digital circuits, this flip­
flop is subject to marginal triggering behavior.! In 
recent years, this general phenomenon has been 
given the name "metastability". The theory and 
characterization of metastable behavior is of par­
ticular concern in determining the reliability (fail­
ure rate) of synchronizer circuits. 

A metastable condition can occur when the 
setup and hold specifications of a register are vio-

. . .............................................. :-: . 
... ... -:-: .... :-:-:-:-:-:-:: ...... :::::: ....... : .. . 

~l'plicati"nN~f~6 . 
.......................................... 

. .... . ... 

·Metq~tqpleB§hayiQcoF 
(3(jA$DCFLR~gistets 

lated. In Figure 1, Case 1 shows a transition of the 
asynchronous data which satisfies the setup time 
requirements ofthe synchronizing register. A logic 
"1" is therefore transferred to the register output. 
Case 2 in Figure 1 shows data which is stable for a 
sufficient period of time to satisfy the hold time 
requirements of the register. In Case 3, however, 
the asynchronous data and the clock transition 
concurrently, thus causing the output of the register 
to be indeterminate (neither a logic "1" or a logic 
"0") for a period of time. The amount of time 
required for the register output to transition from 
this indeterminate state to a valid logic state is 
commonly referred to as the "walk-out" time. The 
actual window of time where an indeterminate 
condition can occur is normally much smaller than 
the specified setup and hold time window for a 
given flip-flop. 

Metastable behavior can also be perceived in 
terms of its effect on flip-flop delay 2. As seen in 
Figure 2, the flip-flop has a normal propagation 

t su> min --.J ~ 'H --.J ~ 'su, 'H=?-1 
-/,.----~, 1 

t PD~ max ~ j4-

Case 1 Case 2 

Figure 1: Data and Clock Relationships for Bi-Stable Elements 
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Figure 2: Metastable Delay 
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delay, tCQ' when the setup time specification is met. 
As the data input transition moves closer to the 
clock transition, however, the delay of the flip-flop 
increases - reaching its maximum value when the 
clock and data transitions occur simultaneously. As 
the data input transition moves past the hold time, 
no output transition occurs. 

Perhaps the most important concept in under­
standing metastable behavior is that the walk-out 
time is always a probabilistic phenomenon. A 
"maximum" walkout time for a given register does 
not exist. Rather, for a certain flip-flop there exists 
a relationship between a given walk-out time and 
the probability that this walk-out time will occur. 
Empirical studies have shown that the mean time 
between events where the synchronizer flip-flop is 
still umesolved at time tw, MTBF(tw), is: 2,3 

MTBF(t ) = exp(tjK2) (1) 
w (K1 )(fCL,J(foAT) 

for tw> h 
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where: 

Metastable Behavior of GaAs DeFL Registers 

No Transition 

: =>< Data 
, , or--
, '----",",Clock 
--, I 

, -.; AT :.-

Data Transition Time 
Relative to Clock (AT) 

t is the time the flip-flop has been allowed w 
to resolve after the clock transition. 
K1, K2, and h are parameters associated 
with a particular register and are functions 
of the circuit design and construction. 

The total walk-out or indeterminate time can 
be viewed as two time periods: the amount of time 
taken for random noise to "push" the output just 
outside of the metastable state (T M)' and the re­
covery time (TR) from time TM until a valid logic 
state is achieved 

METASTABILITY CHARACTERIZATION 
Metastable behavior can be observed using 

many different methods. Analog circuit simulators 
such as SPICE cannot accurately characterize 
metastable behavior in a bistable element unless an 
accurate noise model is incorporated into the simu-
1ation. Given the random and often complex origins 
of noise in actual circuits, accurate noise models are 
quite difficult to create. Metastable behavior can 
also be observed in the lab using fine resolution 
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Figure 3: Metastability Circuit Schematic 

delay lines to vary the relationship between clock 
and data until an indetenninate condition is ob­
served using a triggered oscilloscope. Because 
metastability is a probabilistic phenomenon, how­
ever, it is impossible to obtain the Kl, K2, and h 
constants for a given register using either of the 
above methods. 

The most direct and accurate method of char­
acterizing the metastable behavior of a flip-flop is 
to construct a synchronizer using that flip-flop and 
gather statistical data on that flip-flop' s failure rate 
as a function of the settling time allowed. This 
characterization method readily yields the Kl, K2, 
and h constants necessary to predict synchronizer 
failure rates. To shorten the duration of the tests, 
random data transitions can be confined to a small 
window of time surrounding the active clock tran­
sition. 

TEST SETUP 
In order to characterize the metastable prop­

erties of GaAs DCFL registers, a synchronizer 
circuit was implemented on a FURY VSCIOK gate 
array. The circuit schematic is shown in Figure 3. In 
order to simplify the testing, a latch (LLPI U) was 
used rather than a flip-flop. The LLPI U is an 
unbuffered DCFL latch. The clock and data signals 
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MOUTl 

MOUT2 

Ul0 

are brought onto the chip through differential ECL 
compatible inputs. The clock (enable) signal was 
inverted to cause the circuit to latch on a positive 
clock, again to simplify the test. The output of the 
latch drives two DCFL inverters, U5 and U6. A 
difference in switching thresholds between the two 
inverters is created by using twice the standard D­
mode FET width on inverter U5 and twice the E­
mode FET width on inverter U6. This threshold 
window is approximately 130 m V in magnitude 
centered around the nominal inverter threshold. 
When the output of the latch is in the indetenninate 8 
region, therefore, the output ofU5 will be high and 
the output ofU6 will below. The outputs ofU5 and 
U6 are registered using flip-flops U7 and U8 and 
are driven off-chip through ECL outputs U9 and 
UlO. 

The bench setup shown in Figure 4 was used 
to conduct the metastability testing. An EH 
SPG2000 4-channel pulse generator was used to 
provide the "raw" clock and data signals (MCLK 
and MDAT A) to the latch as well as the RCLK 
signal to registers U7 and U8. In order to accurately 
control the relationship between the clock and data 
signals to the latch, the ECL differential input 
buffers, Ul and U2), were used as verniers. The 
MDATAREF signal was set to a fixed voltage to 
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re.tBoard 

Mulli-Channel 
Pulse Generator 
(EH SPG2000) 

10 MHz 

Figure 4: Metastability Bench Setup 

adjust the clock and data signals so that metastable 
events per unit time were maximized. A triangle 
waveform was driven onto the MCLKREF pin in 
order to sweep the latch back and forth through its 
entire window of metastability. The size of the 
actual window was determined empirically to be 
about 15 ps. However, a 350ps sweep window was 
chosen (by adjusting the amplitude of the triangle 
waveform) to ensure that the entire period where 
metastable events occurred was covered even ifthe 
MDAT AREF input voltage drifted. Because the 
slew rate of the MCLK/MDATA signal was set to 
0.5 V/ns, a peak-to-peak voltage of 175 mV was 
used for The register output signals, MOUT1 and 
MOUT2, drive an off -chip exclusive-OR which in 
tum drives a 16-bit ECL counter with over-flow. 
For a given test the walkout time, tw' is controlled 
by setting thedelaybetweentheMCLKandRCLK 
signals. The time between trials (each trial being a 
latching edge on MCLK) is set by varying the 
internal period on the SPG2000 pulse generator. 
For all of the tests summarized in this document, a 
period of 100 ns was used which corresponds to a 
clock rate of 10 MHz. For each part, errors were 
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Reset 

16 ·BITECL 
Counter 

with Overflow 

counted over a specific period of time for various 
values of walkout time. 

All of the testing was performed at room 
temperature with no air flow applied to the part. A 
case temperature of 52 ± 2°C was measured for 
these conditions. A nominal supply voltage of -2.0 
Volts was applied to the device under test. Prior to 
the actualMTBF testing, the output ofthe latch was 
observed directly using a sampling oscilloscope to 
ensure that metastable conditions could be induced 
by the test setup. 

TEST RESULTS 
Figure 5 shows In(MTBF raw) versus the 

walkout time. This data is an average of testing 
done on two devices and is considered to be typical. 
For both parts, the data taken fit the theoretical 
model described in equation (1). The value of the 
experimental constant, h, which represents the 
minimum value of ~ for which equation (1) holds, 
was not determined but appears to be less than 1 ns. 
Further testing is required to establish the worst 
case MTBF for a given walkout time. Vitesse 
recommends guardbanding the settling time al-
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Figure 5: In(raw MTBF} as a Function of Walkout Time 

lowed by at least 1 ns to meet the typical MTBF 
values specified. 

The values for Kl and K2 are derived from 
the experimental data using the following relation­
ships: 

K1 = exp(-ln((fcuJ(fDATtJ) - b) (2) 

K2 = 11m (3) 

where: 

f CLK = clock frequency to the latch (10 MHz) 

fDATA = effective data frequency (1.43 GHz) 

m,b = the slope and y-intercept of 
the linear fit of In(MTBF) vs. ~ 

The effective data rate of 1.43 GHz is 
achieved by limiting data transitions to the 350 ps 
sweep window around the clock. Because only a 
single rising edge occurs in this window, however, 
the effective data period is twice the sweep win­
dow. Using the slope and y-intercept from Figure 5, 
the values of Kl and K2 are: 
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K1 = 7.44E-13/sec 

K2 = 1.B2E-1 0 (dimensionless) 

Figure 6 charts the MTBF as a function of 
walkout time for a data frequency of 100 MHz and 
a clock frequency of75 MHz. Data is given for both 
a GaAs DCFL circuit and a typical ECL register. 
Table 1 shows the typical MTBF for various com-

binatihons of fCLK'TfDATA' and two The user should 8 
note t at these M BF values are for a single flip-
flop. In order to calculate the MTBF for a dual-
stage synchronizer, the MTBF of the fIrst stage 
must be calculated fIrst. This MTBF then becomes 
the data rate for the next stage when calculating the 
cumulative MTBF of the two registers in series. 

SYNCHRONIZER APPLICATIONS 
Knowledge of the metastable behavior of 

registers in a given technology is crucial to the 
design of synchronizers. The VMEbus, for ex­
ample, is an entirely asynchronous bus2• Because 
no timing is specifIed for bus arbitration signals, 
decision points such as the bus arbiter, the bus-
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Figure 6: MTBF vs Walkout Time for GaAs and Eel 

grant daisy chain, and the interrupt-acknowledge 
daisy chain must contain synchronizers to resolve 
timing conflicts. Given that the system clock rate is 
a known value and the frequency of events to be 
synchronized can be estimated for the system, the 
MTBF for the synchronizer can be established 
based on the MTBF equation for that register. For 
example, a dual register synchronizer clocked at 
100 MHz synchronizing data at 50 MHz will ex­
hibit a mean time between failures of approxi­
mately 90 million years, allowing 1 ns for setup 
time and 1 ns for guardband. If the MTBF for a 
given amount of settling time is tolerable, a single 
DCFL register can be used to synchronize random 
events. For a single register, 100 MHz clock, and50 
MHz data, allowing an additional 5 ns of delay 
yields a typical MTBF of about 7 years. 

CONCLUSIONS 
Compared with previously publishedresults, 

initial testing indicates that GaAs DCFL registers 
are superior to ECL registers in terms of the mean 
time between failure due to metastable conditions. 
This result is likely attributable to the fast intrinsic 
delays of DCFL gates as well as the shorter feed-
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back path inherent in DCFL latches. Past studies 
show that the trend is for the value of K2 to be lower 
for newer and faster technologies 2. Further testing 
will allow the variations in metastable behavior 
with respect to process to be determined Testing 
over temperature and voltage variations is also 
scheduled although past research indicates that 
variations in Kl and K2 due to temperature and 
voltage are minimal compared to variations due to 
process 2. 
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'-data '-clk(Hz) ,-walk Seconds 
(Hz) (seconds) 

1.00E+07 2.00E+07 4.00E-OB 1.15E+93 
2.50E+07 5.00E+07 1.BOE-OB 7.69E+39 
5.00E+07 1.00E+OB B.OOE-09 2.99E+15 
1.00E+OB 2.00E+OB 4.50E-09 3.47E+06 
3.30E+07 6.60E+07 1.42E-OB 3.04E+30 

Table 1: MTBF as a Function of foATA' fcLK• and Walkout Time 
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MTBF Expressed In: 

Hours Days Years 

3.1BE+B9 1.33E+8B 3.64E+B5 
2.14E+36 B.99E+35 2.44E+32 
B.31E+11 3.46E+10 9.4BE+07 
9.65E+02 4.02E+01 1.10E-01 
B.43E+26 3.51E+25 9.63E+22 

II 
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INTRODUCTION 
For several years, Gallium ArsenideICs have 

proven extremely useful in high-speed linear ap­
plications such as microwave amplifiers and 
fiber optic drivers. Within the past five years, 
however, improvements in processing technology 
coupled with the use of advanced design techniques 
have made the production ofVLSI GaAs integrated 
circuits a reality. Vitesse Semiconductor Corpora­
tion has developed a tightly controlled GaAs en­
hancement/depletion mode (EID) process. This 
process in conjunction with its direct-coupled FET 
logic (DCFL) design technique has enabled Vitesse 
to produce and ship ASIC circuits with complexi­
ties of over 100,000 gates. The performance of 
these circuits and the available ECL-compatible II 
o structures allow GaAs DCFL ASICs to serve as 
a viable alternative to ECL gate arrays or standard 
cells at the system level. This application note 
describes the similarities and differences in struc­
ture and implementation of GaAs DCFL and Bi­
polar ECL{fTL ASIC devices. 

WHAT IS DIRECT-COUPLED FET LOGIC? 
Direct-coupled FET logic (DCFL) is a tech­

nique used to design logic structures from enhance­
ment and depletion mode FETs. DCFL has been in 
use since the mid-1970's to build nMOS circuits 
and is widely recognized for its density and sim­
plicity in the creation of large integrated circuits. 

On paper, GaAs DCFL logic looks virtually 
identical to nMOS with the exception that nMOS 
uses MOSFETs while GaAs DCFL uses MES­
FETs. MOSFETs have an oxide insulated gate 
which prevents the flow of gate current, while 
MESFETs contain a Schottky barrier diode in the 
gate-source junction which allows the gate to 
source current supplied from the previous stage of 
logic. The gate diode also clamps the internal VOH 

level to about -1.3 V, or one diode drop above V IT' 
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Figure 1 shows a 2-input NOR driving an 
inverter. The depletion mode FETs (QI & Q4 ) 
have their gates shorted to their drains and act like 
current sources. When both DO andDI are low, Q2 
and Q3 are off, allowing ZNI to rise and tum on Q5. 
The current from QI in this case will flow through 
the gate of Q5. If either DO or DI are pulled high, 
the QI current is shunted through Q2 and/or Q3, 
pulling ZNIlow. 

DO 

2-lnput NOR Inverter 

DO 

D1 ZN1 ZN2 

Figure 1 : DCFL 2-input NOR and Inverter 

DCFL Features 
The key advantages of DCFL are circuit 

simplicity and the ability to switch very quickly 
using a small supply voltage. The 2-inputNOR gate 
shown in Figure 1, uses only three transistors (resis­
tors are not necessary). GaAs DCFL can operate 
reliably on a 1.1 V power supply, in contrast to 
bipolar ECL which requires either 4.5 or 5.2 V. 
Unlike ECL, no internal reference voltages are 
needed for GaAs DCFL circuits. All logic switches 
around the enhancement-mode FET threshold 
(about 250 m V above the source voltage, V IT)' 

On the flip side, however, GaAs DCFL does 
not allow the use of series-gated structures, wire­
ORs, or collector-dotting (all features of ECL). 

8-35 

• 



This is offset by the higher circuit density and 
corresponding shorter device interconnection 
lengths found in GaAs DCFL. Virtually all logic 
structures which have been created for Vitesse 
ASIC products ars constructed from simple in­
verters or two to four input NOR gates. Figure 2 
depicts a full adder macro implemented in GaAs 
DCFL. The logic portion of this macro is built from 
three 2-input NORs, five 3-input NORs, and one 4-
input NOR. Vitesse incorporates a proprietary 
buffer on the outputs which effectively drive large 
capacitive loads with very little skew between the 
rising and falling edges. Table 1 is a comparison of 
the GaAs DCFL full adder macro with an equiva­
lent version implemented in silicon bipolar ECL 
technology. Note that the GaAs DCFL version has 
a significantly shorter propagation delay, dissi­
pates less than 30% ofthe power and uses only 70% 
of the space needed by its silicon counterpart. 

BUFFERING TRADEOFFS 
Many ECL ASIC products allow for a 

tradeoff between speed and power. This is gener­
ally accomplished by allowing the designer to se-

GoAs OCFL ASIC Design 

Parameter GaAsDCFL Silicon ECL 

AlB ~ SUM 836ps 1125 ps 

Cin ~ Cout 587ps 1338 ps 

Power (typ) 4.8mW 16.58 mW 

Area 21236 ~m2 31750 ~m2 

Table 1: GaAs OCFl VS. Silicon ECl: Full Adder 
Macro Comparison 

lect different switch and emitter follower current 
values by paralleling resistors using the metal per­
sonalization. Generally, the resistors necessary for 
at least two different speed/powerversions of many 
functions are included in the basic cell. In GaAs 
DCFL, however, the trade-offs involved in buffer­
ing are somewhat different. In Vitesse'sFURY and 
FX Series' of gate arrays, internal macrocells can 
have unbuffered, Ix drive, or 2x drive outputs. The 
trade-offs involved with this choice of buffering 
involve speed, power, and density. Moreover, the 
speed/power versus density tradeoffs will vary 
depending on the complexity ofthe macro function. 
In general, the presence ( or absence) of buffering 

A 

B~~--4-------~--~~-------4----------~----------------~ 

qn~~--~----------~--------~------------------------------~ 

Figure 2: Full Adder Implemented in GaAs OCFl 
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affects the intrinsic delay of the macro very little. 
Buffering will increase the driving ability of the 
macro output in terms of both DC drive limitations 
and AC performance. On the other hand, buffering 
requires additional depletion and enhancement 
mode devices which could otherwise be used for 
logic and also consumes additional power. The 
more complex the macro function, the less the price 
paid for the buffer in terms of percentage area and 
power. Figures 3 and 4 depict the buffering 
tradeoffs for a 4-inputNOR and a D flip flop in the 
FX Series macrocelllibrary. 

INTAINS!IC DELAY (pII) DAW! 
(AYtI.""""1) (patmrn, rt.lntI) 

... ' 
~ LN2US(2-inputNORunbuffeled) 

o LN2(2-inputNORJJrbuIfefJ 

• LN2B (2-inPlt NOR 2x tv""') 

CELLO TYP. POWER 
(mW) 

Figure 3: FX Macro Buffering Options for a 2-input 
NOR Gate 

717 ... 
... 

1. 

INTRlN8IC DELAY (pel DRIVE 
(~tt~1 (peImm,rt ..... 

o LFP1U(unburtwedFNpoRCfJJ 

o LFP1 (FI~Rop b bu"",) 

II LFP18(Rip-FIop2dJUIfw) 

ifi ~ 
CELLO 

Figure 4: FX Macro Buffering Options for a 
o Flip-Flop 
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FURY GATE ARRAY ARCHITECTURE 
Like most third generation ECL gate arrays, 

the Vitesse FURY Series of gate arrays employ a 
channeled architecture. Metal 1 is used to route 
within macrocells and in the vertical channels be­
tween macro cell columns reserved for routing. 
Metal 2 channels run horizontally over the entire 
core area. A third layer of metalization is used for 
fixed power and ground distribution in the macro­
cell columns. Figure 5 shows the layout of the 
FURY VSC15K array. 

The I/O ring contains 96 input-only buffers 
on the sides of the array and 100 input/output 
buffers on the top and bottom for a total of 1961/0 
pads. AD-latch or buffer can be implemented in the 
input-only cells and a D-flip flop or a 2 or 3-input 
ORINOR gate may be placed in the output cell 
structure. In addition, each FURY array contains a 
small number of high-drive input cells which are . 
used for distributing large fanout signals, such as 
clocks, to local buffers in different areas of the core . 

Each cell column in the core is composed of 
a large number of "slices" (192 in the case of the 
VSC15K). A slice consists offour cells in a 2 by 2 
configuration. A cell is equivalent to an unbuffered 
2-input NOR (two enhancement-mode FETs and 
one depletion-mode FET). The minimum address­
able unit (MAU) in a FURY array is two cells (six 
FETs). By contrast, the typical ECL gate array •• 
MAU contains 10 to 19 transistors and an equal 
number of resistors. The finer granularity of the 
FURY MAU minimizes the number of wasted 
transistors in a given macrocell implementation 
allowing for virtually 100% use of the core cells. 

To the IC designer, a Vitesse GaAs DCFL 
gate array appears much the same as its present 
ECL counterpart. Both have internal and I/O mac­
rocells and both generally use channeled architec­
tures with two layers of user metal and one layer of 
power/ground metal. 
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FX ARRAY ARCHITECTURE 
The FX Series offers the integration level of 

BiCMOS gate arrays with speed performance ex­
ceeding that of ECL devices. Implemented using 
Vitesse's proprietary H-GaAs ill process, the FX 
family of gate arrays is the first to combine ultra 
high integration with leading edge performance. 

The FX array family incorporates a channel­
less array architecture which allows metal routing 
on the first layer to be placed directly over unused 
cells. This approach avoids the need for pre-defined 
channels between columns of macros and therefore 
allows much greater density and flexibility than 
channelled gate array architectures. Due to an ad­
vanced four layer metal process, typical maximum 
array utilizations range from 50% to 67% of the 
total available gates. 

Capable of operating at well over 500 MHz, 
the FX Series arrays have been designed to provide 
the best speed - power performance of any gate 

Input Only 

Figure 6: FX Array 
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array technology. The speed of leading edge ECL 
technology is achieved at a fraction of ECL's 
power. In addition, because of the frequency inde­
pendent power consumption of H-GaAs technol­
ogy, power dissipation levels comparable to, or 
lower than. similar density BiCMOS arrays can be 
achieved at frequencies above 50 MHz (see Vitesse 
Application Note 10, "Power Dissipation: BiC­
MOS vs. GaAs"). This power savings can add up to 
substantial cost savings to users in terms of overall 
cooling requirements. 

The FX Family includes support for the cre­
ation of custom masterslices. Functions such as 
SRAMs, multiport register files, and others can be 
merged with FX arrays resulting in unique architec­
tures and optimum performance. 

As with all of Vitesse's ASIC products, the 
FX arrays interface with TTL and ECL devices 
directly. The FX array family uses standard power 
supplies and is supported on the ASIC industry's 

voe •• { /np<Jt~ OUtput c.n---+ 

ESD 
Pod 

btpt.t~ I: { /np<Jtc.~ 

ESO--\W 
Pod--ll 
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most popular CAE platforms for schematic cap­
ture, behavioral modeling and logic synthesis. 

The FX arrays contain three cell types: inter­
nallogic cells, input only cells and input/output (1/ 
0) cells. All input only and input/output cells con­
tain undedicated logic which the user may person­
alize. There is enough configurable logic in these 
cells to implement moderately complex functions 
such as mux'es and flip flops, allowing the arrays to 
conform to the IT AG boundary scan standard. 

FX arrays can be designed to implement full 
custom megacells such as SRAM and pre-defined 
core based megacells such as register files. In 
addition, a proprietary compiler is available to 
customers wishing to incorporate custom RAM 
configurations in their designs. A depiction of a 
VGFX350K with megacells incorporated is shown 
in Figure 6. 

RAM/ROM Megacells 
As with ECL standard cell architectures, the 

FX gate arrays allow for the inclusion of custom, 
hand-packed "megacell" blocks. Unlike newer 
ECL standard cell technologies which use BiC­
MOS for the implementation of dense RAM, the 
FX arrays use the same GaAs EID process and 
design rules for RAM and ROM blocks that are 
used for standard DCFL logic. 

SYSTEM CONSIDERATIONS 
At the system level (i.e., looking at a pack­

aged part as a black box), Vitesse GaAs ASICs are 
virtually identical to ECL ASICs. ECL I/O buffers 
as well as TTL buffers are supported on all FURY 
and FX ASIC products. In implementing a board 
design which includes a Vitesse ASIC, however, 
the designer should be aware of ECL I/O differ­
ences and power supply requirements. 

ECll/O 
Vitesse ASICs support ECL lOOK input and 

output levels. Unlike standard ECL lOOK, how-
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ever, the GaAs VOL min is always equal to V IT 

because the ECL outputs are cutoff in the low state. 
This is not a problem in digital applications, but 
may necessitate the use of a higher V IT (approxi­
mately -1.7 Volts) when driving a DAC because of 
potential analog feed-through problems associated 
with the larger input swings. Also, the -2.0 Volt 
supply must be controlled to ±5% to ensure that 
adequate noise margins are maintained using the 
internal V BB reference generator. If such regulation 
is not feasible, or if the design must receive IOKH 
levels (which vary with temperature), thenanexter­
nal VBB reference should be supplied 

Power Supply Considerations 
Nearly all Vitesse ASICs use -2 V as the 

primary supply voltage. In fact, for an ECL-only 
interface, -2 V is the only supply required Al­
though the power dissipated by GaAs DCFL cir­
cuits is relatively small, the -2 V regulator must be 
capable of supplying a large amount of current (up 
to 4 Amps in the case of a fully utilized VSC15K 
gate array). When TTL interfaces are needed, a +5 
V is required Some gate arrays can be configured 
to a +5V, +2V supply environment for TTL only 
operation. 

CONCLUSION 
Though the internal logic structures and raw 

materials used to construct GaAs DCFL ASICs are 
somewhat different from those used to build ECL 
ASICs, the two technologies are virtually identical 
at the system level. The density and performance of 
GaAs DCFL ASICs make them attractive alterna­
tives to ECL ASICs in many systems. With the 
advent of the FX family, the system designer now 
has the flexibility to more fully reap the benefits of 
GaAs DCFL technology. The major advantage of 
GaAs DCFL technology is the ability to produce 
ASIC devices which offer better density and per­
formance than ECL while dissipating only 1/4 to 
1/5 of the power. 

8-39 

• 



GaAs OCFL ASIC Design 

8-40 VITESSE Semiconductor Corporation 



INTRODUCTION 
The use of multiple ECL (or ECL-compatible 

GaAs) ASIC devices on a circuit board may require 
the addition of an externally generated ECL input 
reference voltage (VBB). Providing this reference 
ensures that the input receivers of the ECL devices 
will all switch at the same threshold voltage inde­
pendent of power supply or temperature variations. 

This application note describes a method for 
providing an external ECL input reference (-1.32 
Volts) from a standard -2.0 Volt ECL supply using 
an adjustable rnicropower voltage reference and 
three resistors. 

REFERENCE CIRCUIT DESCRIPTION 
The reference circuit employs three resistors 

and an LM185, LM285, or LM385, which are 3-
terminal adjustable band-gap voltage reference de­
vices available from National Semiconductor Cor­
poration. The LM185 is rated for operation over a-
55°C to 125°C temperature range, while the LM285 
is rated from -40°C to 85°C and the LM385, from 
O°C to 70°C. A block diagram of the LMI85/285/ 
385 is shown in Figure 1. The circuit shown in 
Figure 2 is used to create the voltage reference. 

+}---1---------..., 

Figure 1: Block Diagram of the LM 185/285/385 
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+ 

LM185/285/385 I-......-T-' 

VTT= -2.0 Volts (± 10%) 

Figure 2: ECL Reference Circuit 

The reference circuit shown in Figure 2 uses 
V TT and Vee as external voltages to produce the 
reference voltage, V REF' In order to create a refer­
ence which can be used with Vitesse ECL-com­
patible ASIC parts, the values for Rl' R2, and R3 
must be chosen under the following operating con­
ditions: 

• Supply Voltage,(V TT) -2.0 Volts (± 10 %) 

• Current through LMI85/285/385 
from + to -, (I D) 0.10 to 20 rnA 

• ADJ Current through LMI85/285/385, (IA ) 

:5: 10 nA (guaranteed by LMI85/285/385 
specs) 

• Current to each Vitesse ECL compatible 
input cell from V REF' (IInput):5: 5 ~ 

• Potential between Vee and ADJ , (A V R2 ) 

1.24 Volts (reference voltage produced by 
theLM385) 
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The values for R2 and R3 must satisfy the 
following condition: 

R3 
V REF= -1.24 (R2 + 1) 

[1) 

By equation [1], the following commonly 
available resistor values can be used for R2 andR3 
to create a -1.32 Volt ± lOmVreference: 

The stability of V REF depends on the toler­
ances of these two resistors. If k is the maximum 
normalized value andp is the minimum normalized 
value of the resistors R2 andR3 expressed as deci­
mals, then the variation in V REF is given by the fol­
lowing equation: 

[2) 

Assuming that the resistors have a 5% toler­
ance and substituting values into the equation, we 
can then solve the equation: 

1Kn 1.05 
16Kn (0.95 - 1) 

11 V REF= --:1""-K"'-n---

16Kn + 1 

[3) 

Although use of 5% resistors gives a tight 
V REF' it is advisable to use 1 % metal film resistors 
instead ofthe commonly available 5% carbon com­
position resistors to minimize aging effects and to 
compensate for the tolerance on the 1.24 Volt band­
gap reference voltage. 

R 1 determines the no load regulator current. 
Assuming worst case power supply and 175/-LA 
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total regulator current, then: 

Rl = 1.8-1.32 = 2.7 k.Q 
175IJA 

Since the regulator can source up to 20mA, as 
many as 4000 Vitesse ECL inputs can be supported. 
Thus, a single regulator circuit, as shown in Figure 
3, can be used on a circuit board to supply ECL 
input reference for many Vitesse IC's. A typical 
Vitesse compatible external V REF pad is shown in 
Figure 4. The exact number of IC's is dependent 
upon the number of ECL inputs per IC. The load 
current per input cell is S; 5/-LA, with an additional 
100/-LA ESD diode leakage current per chip. For 
example, if 3 ASIC devices with 40 inputs each are 
serviced by the external V REF circuit, then: 

IL = (3x40x51JA) + (3x1001JA) 
= 900IJA 

When more than 40 inputs are connected to 
the reference, the value of the bleeder resistor R 1 

becomes relatively unimportant and, for example, 

can be made equal to R2 (16Kn) in order to reduce 
parts inventory. 

~ 100 j.iA J, 

LM 185/285/385 

R, =2.7Kn 

o Volts 

16Kn 

J, -75 j.iA 

1Kn 

-1.32 V@ 'L 
,~ 
L 

- ...... -vrr = -2± 10% 

Figure 3: Implementation of Reference Circuit 
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V"" 
PAD 

v" 

ESO 

ESO 

Inl_1I 

I v REF Dlslrlbutlon 

Bu. 

Figure 4: Typical Vitesse External VREF Pad 

Notes 
1. In order to use this reference 

generation scheme, the Vitesse 
ASIC product (gate array or 
standard cell) must be specified 
with an external ECL reference. 

2. Vitesse recommends the use of a 
0.001 to 0.01 J.lF bypass capacitor 
at the reference input pin of each 
array. Refer to the design manual 
for the particular ASIC product 
for the location of the input 
reference pins. 

3. Care must be taken to account for 
the effect of IR drop in the refer 
ence net on the PC board. 
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INTRODUCTION 
CMOS and BiCMOS have traditionally been 

viewed as low power technologies. This reputation 
stems from the fact that unlike other technologies 
which have preceded them (TIL, ECL, NMOS, 
etc.) the power dissipated by a CMOS or a BiC­
MOS gate is dependent on the frequency of its 
operation. When CMOS or BiCMOS gates are not 
toggling they dissipate almost no power. As opera­
tional frequencies in the gates increase, however, 
the amount of power dissipated proportionately 
increases. At these higher frequencies, GaAs Di­
rect Coupled FET Logic (DCFL), which is capable 
of faster gate delays, dissipates less power than 
BiCMOS. 

The purpose of this application note is to 
show how both BiCMOS and DCFL GaAs power 
dissipation is calculated and to examine and com­
pare the two technologies with regard to power 
dissipation. 

POWER CALCULATIONS FOR BICMOS 
There is little or no static power dissipated in 

most practical topologies of BiCMOS gates since 
current is used exclusively to charge and discharge 
load capacitance. BiCMOS ASIC design manuals 

----ID 
Q 2:1 

CK 

instruct the user to compute the internal cell power 
dissipation by multiplying a factor, whose units are 
microwatts/(gate-MHz), by the frequency of op­
eration. This result is then multiplied by the total 
number of cells in a given design derated by an 
arbitrary fraction representing the number of gates 
switching. This latter derating factor ranges from 
0.2 to 0.4 depending on the design at hand The 
composite power is calculated using the following 
formula: 

Pinl8ma/= FAvGP gm (1) 
Where: 

F = the highest frequency in 
MHz for gates in the design 

Av = average fraction of the gates 
which are switching at a 
given time 

G = the total number of gates in 
the design 

P gm= the power per gate-MHz 

(typically between 20 and 

40 microwatts/gate-MHz) 

To obtain accurate results from a particular • 
design, however, it would be arnistake to use theAv : 

Q 

Figure 1: Benchmark Circuit. This circuit is analyzed in the text to compare its power dissipation vs. frequency 
when implemented in BiCMOS and GaAs. 
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estimation factor blindly. Not using any derating 
factor could also result in an incorrect estimate of 
the power dissipated in a sequential circuit. Be­
tween two successive registers in a sequential cir­
cuit there may be several levels oflogic. As aresult, 
the effective frequency seen by anyone gate in the 
chain of gates between registers can be substan­
tially lower than the clock frequency applied to the 
registers. For small designs it is practical to explic­
itly calculate the effective frequency of operation 
of each gate and obtain an accurate understanding 
of power dissipation. 

As an example please refer to the benchmark 
circuit of Figure 1. Here several stages of logic are 
placed between two flip-flops. The maximum fre­
quency seen by any gate other then the flip-flops is 
one half of the flip-flop frequency. This is due to the 
fact that the output of a flip-flop can only toggle at 
one-half its clock frequency. In addition, there is a 
statistical probability of 0.5 that the output of a 
given gate or flip-flop will remain at its previous 
logic state (assuming an equal number of ones and 
zeros in the incoming data stream) in which case no 
power is dissipated since a transition did not occur. 

We can split the problem into two; the power 
dissipated in the flip-flops and the power dissipated 
in the gates. For the flip-flops the power can be 
estimated by: 

Power = F(O.5)GP gm 

and for the gates in between: 

Power = F(O.5){O.5)GP gm 

POWER CALCULATION 
FOR DCFL GAAS CIRCUITS 

(2) 

(3) 

Unlike CMOS or BiCMOS, DCFLGaAs 
circuits have a power dissipation which is indepen­
dent of logic state or frequency of operation. The 
reason for this can be seen by examining Figure 2 
which depicts a typical DCFL NOR gate driving an 
inverter. The DCFL structure is composed of a pull 
up depletion FET and one or more pull down 
enhancement FETs. The NOR operation is possible 
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because when both pull down FETs are off (corre­
sponding to a logic low at each input) the logic 
gate's output voltage rises to a valid logic high. 
However, when one or more pull downFETs are on 
(corresponding to alogic high attheir input) the pull 
down FET sinks all of the pull up FET current while 
maintaining a very small V ds. As a result a valid 
logic low is created at the gate's output. 

In InS 

Figure 2: OCFL Logic 

GaAs FETs, unlike silicon MOS devices, do 
not have an insulator between the gate and channel 
region. Instead they employ the depletion region of 
a schottky barrier junction to modulate drain to 
source current. This schottky diode will conduct 
current between the gate and source when forward 
biased. 

In normal DCFL operation, a valid logic high 
voltage is determined by the forward biased voltage 
of the gate to source diode. As a result the load 
current, :r. of a DCFL gate will be used to forward 
bias the gate to source diode of a subsequent logic 
gate. 

In normal operation the current consumption 
of a DCFL logic gate is constant. Current is simply 
steered either into the pull down FET in a logic low 
condition or into the gate to source diode of a 
subsequent logic gate in a logic high condition. For 
high speed logic this situation is ideal because 
current, and subsequent voltage, "spiking" on 
power supply lines is eliminated 

Therefore, when calculating the power dissi-
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pation of a DCFL based chip, the power dissipation 
reported for an individual logic macro is valid for 
any frequency at which it can operate. 

BENCHMARK CIRCUIT 
To get an idea of the range of speeds and 

power dissipations achievable in both BiCMOS 
and GaAs technology we turn our attention again to 
the benchmark circuit of Figure 2. Table 1 shows 
the delay for each macro in both BiCMOS and 
GaAs technology. For the BiCMOS portion of this 
analysis the NEC BiCMOS-5 design manual was 
used. The Vitesse FURY manual was used for the 
GaAs portion. 

As seen from Table 1 the delays for both 
rising and falling output waveforms were calcu­
lated. Because NOR gates cause signal inversion 
the worst case delay through a network must be 
calculated by evaluating all realistic propagations 
through the cascade of gates taking signal inver­
sions into account The worst case path for each 
situation is designated by arrows in Table 1. 

DELAY (BIC11OS) DELAY (OIIAs) 
MACRO 

IIsIng Fellng Riling felling 

F/FCLK.Q 2.75 +2.59 0.59 + 0.36 

2:1 MUX(Fo=I) 1.93 /2.10 0.61 + 0.26 

2lnpUl XOR (Fo = 3) 1.66~ 2.10 1.34 ~ 0.45 

2lnpUl NOR (Fo = 3) 

:::: /::: 1.15 /0.56 

4lnpUl NOR (Fa = 1) 0.49 0.26 

F/F 5elup Tlma 0.25 + 0.25 0.14 + 0.14 

IIBlngDelay 9.97 n8 3.73n8 

FeDlng Delay 9.96n8 3.20n8 

Max Oporaflng FNq. 100.2t.til 266.1 Mil 

Table 1: Macro Delay 

Table 1 indicates that, for the benchmark 
circuit, the maximum frequency attainable in 
BiCMOS is 100.2 MHz. GaAs technology is ca­
pable of a 268.1 MHz frequency. The GaAs macros 
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selected for this particular analysis are optimized 
for low power dissipation. As aresult a factor of 2.7 
improvement in speed is observed between GaAs 
and BiCMOS. A greater investment in power could 
yield speed improvement factors of between four 
and five. 

Table 2 and the corresponding graph in Fig­
ure 3 (following page) depict the power dissipated 
by each technology as a function of frequency for 
the benchmark circuit. The power for the BiCMOS 
circuit was calculated using equations (2) and (3). 
The Pgm value NEC attributes to their BiCMOS-5 
process is 0.038 m W /MHz. 

20 

17.5 BICM05-S 

15 

12.5 

Ii" 
10;-____ ~-----------Ga-M~(H-.~--M-I~Q--

!. 7.5 

; GaM (H'~M IIQ Go 5"1-~'--____________________ _ 

2.5 

o 25 50 75 100 125 150 175 200 225 250 

Frequency (MHz) 

Table 2: Macro Power 

As seen in Figure 3, the crossover point 
between the linear BiCMOS power curve and the 
constant GaAs power curve occurs at about 60 
MHz with the H-GaAs IT process and at about 30 
MHz with the H-GaAs ill process. Since, for the 
circuit in question, BiCMOS is limited in fre­
quency to about 100 MHz one can only speculate 
about the power it would dissipate if capable of 
higher frequencies. However, since the curve is 
linearly increasing it is safe to say that at frequen­
cies above 150 MHz BiCMOS power dissipation is 
umeasonably high. 
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BiCMOS 

FUNCTION BlCM0S6 POWER DlSSlPAllON (mW) 

MACRO NAME 25MHz "'MHz 

Rip-Flop FU, 1.42 2.95 

2:1MUX F571 0.47 0.95 

2olnputXOR F511 0.47 0.95 

2-lnputNDR F202 0.24 0.475 

4-'""",NOR F204 0.'24 0.475 

Rip-Flop F641 1.42 2.85 .... .... 
Source: NEC BiCMOS-5 Design Manual, Oct. '89 

Vftesse FURY Design Manual, v. 3.0 

80MHz ,_Hz 

4.56 5.1 

1.52 ,." 
1.52 ,.S 

0.76 0.95 

0.76 0.95 

".56 5.' 

, .... 17.1 

GaAs 
FUNCTION 

FII ... Flop 

2:1 !lUX 

2-InpulXOR 

2-InpuiNOR 

4lnpuiNOR 

FO ... Flop 

Figure 3: Power Dissipation vs. Frequency for Benchmark Circuit 

CONCLUSION 
BiCMOS, which has earned a reputation as a 

low power technology, earns that reputation at low 
frequencies only. Since its power dissipation in­
creases linearly with frequency, GaAs technology 
actually dissipates less power at frequencies above 
60-70 MHz. This capability coupled with the fact 
that GaAs technology is capable of speeds which 
range between a factor of 3 to 5 faster than 
BiCMOS positions GaAs as the dominant tech­
nology for any high speed digital application. 
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FURY MACRO POWER(mW) 

NAME 
II-GaAs" II-GaAs ., 

LFP'U 3.' 1.55 

LMIU 1.3 0.65 

LXIU 1.7 0.86 

LN2U 0;33 0.18 

lN4U 0;33 0.16 

LFPIU 3.1 1.55 

8.88 4.82 
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INTRODUCTION 
When one or more outputs of a semiconduc­

tor device switch, a change in voltage is effected on 
the driven signal lines. This change in voltage is in 
tum received by any inputs connected to those 
signal lines and interpreted as a change in logic 
state. Switching a group of outputs simultaneously, 
however, may cause undesirable effects on the 
operation of a circuit. These unwanted conse­
quences are generally referred to as simultaneously 
switching output (SSO) effects. Features have been 
incorporated into the design of all Vitesse devices 
(die and packages) which minimize the deleterious 
effects ofSSO's. These effects have been character­
ized by Vitesse using a test chip personalization of 
the FURY VSClOK gate array packaged in a mul­
tilayer ceramic 211 pin grid array. 

The purpose of this application note, there­
fore, is to help the system designer minimize the 
probability of device or board level problems asso­
ciated with SSO's. This will be accomplished by 
presenting the designer with some of the physics 
associated with output switching phenomena as 
well as some of the methods used to alleviate the 
effects of SSO's. 

STATEMENT OF PROBLEM 
Simultaneously switching outputs can cause 

the following effects: 

• Additional output delay 

• Ground or power supply noise 
at the device 

• Ground or power supply noise 
in the system 

• Noise on adjacent signal pins 
which share supply or ground pins 
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ELECTRICAL EFFECTS OF OUTPUT 
SWITCHING: A BASIC MODEL 

Figure 1 shows an ECL source-follower out­
put driving a capacitive load and a 50n resistor. 
Figure 2 demonstrates the relationship between the 
drain voltage of the output FET (node A) and the 
source voltage ofthe outputFET (node B) as a pulse 
is propagated through the ECL output. When the 
output switches from a logic low state to a logic 
high state, a substantial gate to source voltage is 
applied to the output FET causing its source-drain 
conductance to increase dramatically. 

J 

Figure 1: Eel SSO Model 

As the transient current is conducted through 
the device to charge the capacitive load, an instan­
taneous demand for current is placed on the VCCA 
(output ground) supply terminal of the output node 
A. Ifinductance is present in the VCCA supply path 
(as shown in Figure 1), the voltage at node A will 
drop until the inductor is energized and necessary 
current can be supplied to the output FET. A falling 
output edge conversely creates a positive transient 
voltage on the VCCA node. Increasing the induc­
tance in the tends to impede the transient current 
flow and increase the size of the SSO noise pulses 
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shown in Figure 2. At the system level, these effects 
are manifested as degradations in the pin-to-pin 
delay of a device. In addition, if sufficient noise is 
coupled from the VCCA pins to the logic elements 
in the device, the states of synchronous elements 
(registers or latches) in the core of the device may 
be altered causing the circuit to logically fail. 

D--· 

-----_._---,------

I 
o 

Figure 2: Power Supply Noise 

ASIC DEVICE AND PACKAGE FEATURES 
TO ALLEVIATE SSO PROBLEMS 

All of Vitesse's high-performance packages 
are designed to minimize the electrical problems 
associated with simultaneously switching outputs. 
The power and ground pads on each device are 
fixed. These pads are bonded to separate planes in 
the multi -layer ceramic package. In order to isolate 
critical asynchronous inputs (such as clock and 
reset signals) from noise generated by output 
switching, outputs on Vitesse devices are confined 
to the top and bottom of the die (see Figure 4). 
Signals which are sensitive to noise can then be 
brought onto the device though input buffers on the 
left and right sides of the die. This not only isolates 
the inputs and outputs on the die itself but also 
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minimizes mutual coupling (crosstalk) between 
output and input bond wires by placing them at 90° 
with respect to one another. 

SSO TEST CHIP DESCRIPTION 
Output Registers 

In order to gain an empirical understanding 
of the effects of switching large groups of outputs 
on a large device, Vitesse has designed and pro­
duced a test chip specifically designed to examine 
these effects. The schematic of the test chip is 
shown in Figure 3. The SSO test chip, or SSOTC, 
is implemented using a Vitesse FURY VSClOK 
gate array in a 211 PGA package. The test circuitry 
consists of 80 shift registers grouped into four 
banks of 20 registers each. Each shift register 
contains four D flip-flops. The four Bank: Scan 
signals allow data on the SDAT (scan data) bus to 
be clocked into the shift registers on a bank by bank 
basis. The input CLOCK serves as the system clock 
for both scanning and shifting operations. To reset 
all the registers at once, the RESET signal can be 
asserted The BZ bus signals allow the user to force 
the outputs of given bank to logic low without 
resetting the registers in the bank. Using the scan 
inputs, patterns which switch anywhere from one 
up to 80 outputs can be scanned in and clocked to 
the Z outputs. 

As with all FURY gate arrays, the power and 
ground pins are in fixed locations. In order to 
minimize the undesirable effects of simultaneous 
output switching, every four outputs typically share 
a ground, or VCCA, pad. The VCCA pads are in 
tum bonded to conductor planes in the 211 PGA 
package. 

Upset Structures 
In order to monitor the coupling of noise back 

into the SSO test chip, eight upset structures are 
interspersed around the periphery of the gate array 
as shown in Figure 4. Each upset structure consists 
of a D flip flop (FURY LFP3 macrocell) configured 
so that it will toggle on an active clock edge. The 
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RESET 

SDAT(SCAN DATAl 

BANK SCAN BUS 

8ZBUS 

CLOCK 

Figure 3: ssa Test Chip Schematic 

clock inputs of these structures (UPCLK bus) are 
driven by ECL input pins. The outputs of these 
structures are connected directly to ECL outputs 
(UPOUT bus). If the noise generated by the simul­
taneous output switching is sufficiently coupled to 
the upset structure input, the flip-flop will toggle, 
thus signifying an upset failure. 

SSO TEST RESULTS 
Characterization of SSO effects was per­

formed on a TeradyneJ953 VLSltester. In order to 
execute a given test, all the shift registers are first 
reset and then logic highs are shifted into the 
registers whose outputs are to switch. The master 
clock is then used to shift the pattern to the outputs 
causing flIst a group of simultaneous rising edges 
and then a group of simultaneous falling edges. 

Simultaneous Switching Delay 
The effects of concurrent switching on output 

delay were measured by connecting both the CLK 
signal and one of the Z outputs, to a high speed 
oscilloscope while the test chip is in the Teradyne 
test fixture. The tester was then used to force 
various switching patterns on the part while the 
relative delay was monitored. During the initial 
testing, it was determined that most of the observed 
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SSO delay was due to the device test fixture. The 
test fixture was re-worked to minimize the imped­
ance to the VCCA pins. Subsequent testing showed 
a minimal delay degradation as increasing numbers 
of outputs sharing the same VCCA pin were 
switched. Analysis of the delay data showed the 
following typical delay per output switched: 

TplSSO) = 15 ps/SSO 

for ECL outputs which share a common 
VCCApad. 

A maximum total delay degradation of ap­
proximately 100 ps was observed when switching 
up to six ECL outputs sharing the same VCCA pad. 
Increasing the number of outputs switching beyond 
six, however, appeared to have a negligible effect 
on the output delay. 

SIMULTANEOUS SWITCHING NOISE 
A second phase of testing was performed to 

characterize the coupling of SSO noise to input 
pins. For these tests, various combinations of the Z 
outputs were switched and the states of the upset 
structure outputs (UPOUT bus) were monitored. 
No upset structure failures were observed when 
switching up to 40 outputs simultaneously. Results 
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for more than 40 outputs switching were inconclu­
sive due to the noise inherent in the VLSI test 
environment. 

I ","'".- I I I 

Figure 4: SSO Test Chip Block Diagram 

As previously noted, however, SSO noise in 
the device appeared to be primarily a localized 
effect. The design of the pad ring on the FURY 10K 
as well as the design of the 211 PGA itself appears 
to accommodate the switching of all 100 ECL 
outputs on the device simultaneously with no effect 
on intemallogic states. 

SYSTEM DESIGN RECOMMENDATIONS 
FOR MINIMIZING SSO EFFECTS 

To minimize the possibility of SSO related 
problems in a given system, precautions should be 
taken in the arrangement of the inputs and outputs 
on the ASIC as well as in the construction of the 
board on which the integrated circuit(s) will reside. 
The following guidelines summarize these pre­
cautions. 

ASIC and Board Design Guidelines 
1. Place all clock, set, or reset signals on the ASIC 

at least six pads away from any output. 

2. When designing a custom pad ring,a) a 
VCCA pad should be allotted for each set 
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offour ECL or GaAs outputs, and b) two 
VCCA pads and a VTTL (+5 V) pad 
should be allotted for each set of eight TTL 
outputs. 

3. A large power plane should be used on the 
PC for distribution of VCCA (Figure 5). 

4. The peak switching current should be esti­
mated for the worst case number of SSOs per 
device and adequate bypass capacitance 
should be added to satisfy the transient 
VCCA and VTTL current needs. 

Bypass Capacitor Recommendations 
Bypass capacitors must be used in high fre­

quency (>100MHz) designs to filter out high fre­
quency variations in the power supply voltages at 
the device power inputs and on the board The 
following bypassing is recommended. 

1. A 0.0 1J..lF high frequency capacitor should be 
placed between ground (VCCA) and each 
VTT (-2Volt) pin as close to the VTT pin as 
possible. 

2. A 1 to 10 J..lF capacitor should be placed on 
the board at the power supply inputs to fil­
ter out variation in the power supply with 
longer time constants (e.g. power supply 
noise at the system clock frequency.) 

Figure 5: Recommended Ground Distribution 
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INTRODUCTION 
This application note describes a general 

method for converting a design implemented in one 
technology into another technology using the Syn­
opsys Design Compiler™. Specific guidelines are 
given for converting a "non-GaAs" design (e.g. 
CMOS, BiCMOS, ECL) into a Vitesse gate array or 
standard cell implementation. This document also 
contains specific information on converting PLD 
equation-based designs into Vitesse ASICs. 

TECHNOLOGY TRANSLATION BASICS 
The low speed-power product and high inte­

gration level possible with current Vitesse H-GaAs 
technology has created a need to translate designs 
from various Silicon-based technologies into Gal­
lium Arsenide Direct -CoupledFET Logic (DCFL). 
Prior to committing to a redesign, high perfor­
mance systems houses need a method to evaluate 
the performance, power, and size of their existing 
designs were they to be re-implemented in GaAs. 
Until recently, such translations could only be 
accomplished by either manually swapping logic 
functions from one technology to another on a 
workstation or by redesigning from the ground up 
using the alternate vendor's library. Both of these 
methods involve a great deal of effort and are prone 
to errors. Logic synthesis tools such as the Design 
Compiler™ from Synopsys, however, remove 
most of the manual tasks and result in virtually 
error-free design conversions. 

GENERAL TRANSLATION FLOW 
Figure 1 shows the sequence of events and the 

files involved to translate a design from one technol­
ogy to another. Two alternate paths are shown - the 
left path is usedif an EDIF netlist is notavailable. The 
actual translation is carried out by the Synopsys 
Design CompilerTM using the link command. Figure 
2 shows the libraries needed for translation. 
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Figure 1: Design Transition Flow 

Figure 2: Translation Libraries 

Original Library 
This library contains all of the cells which are 

referenced in the original design. This may be a 
library from another (non-Vitesse) vendor or may 
be a Vitesse ASIC library (e.g. FURY gate array). 
If this library does not exist it can readily be created 
for the subset of cells which are used in the original 
design. Refer to the Synopsys Library Compiler 
Reference Manualfor information on creating Syn­
opsys libraries. 

Translation Library 
This library contains designs (cell descrip­

tions) which are named after the sequential and tri-
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ORIGINAL DESIGN 

Block IShee' 

OPTIMIZED DESIGN - NO FLATTENING 

B/ook I She.' 

OPTIMIZED DESIGN - FLATTENED 

Rau.ned Opllmlzed Design 

Figure 3: Optimizing a Hierarchical Design 

state elements from the original library, but are 
described using cells from the desired Vitesse 
library. The user should note that all non-combina­
torial functions as well as any tri-state functions in 
the original library must be mapped into the Vitesse 
library by creating entries in the translation library. 
Combinatorial functions such as AND gates, mul­
tiplexers, etc. need not be mapped explicitly by the 
user because the Synopsys Design Compiler™ can 
automatically (and unambiguously) map such 
functions between technologies. 

8-54 

Top Lew! Shoe' 

TRANSLATING HIERARCHICAL DESIGNS 
Designs may be converted from another tech­

nology into a Vitesse ASIC-based implementation 
regardless of whether the designs are hierarchical 
or flat. The conversion methodology used, how­
ever, depends upon the user's desire to preserve the 
original hierarchy present in the design after it has 
been converted. In making this choice, the follow­
ing issues should be considered: 
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• How large is the design? 
If the design is in excess of 10,000 gates, 
the user may wish to convert hierarchical 
blocks individually and then link them in 
the Design Compiler™ at the end of the 
conversion. This not only preserves some 
of the original hierarchy in the design, but 
also requires far less computing resource 
(e.g. RAM and disk space) than convert­
ing the entire design at once. 

• Do optimized designs for some 
of the blocks already exist? 
The design may contain, for instance, a 
32-bit adder implemented using CMOS 
NAND-based structures. Several versions 
of 32-bit adders optimized for Vitesse 
GaAs DCFL implementations alreadyex­
ist. Thus, the user may choose not to con­
vert this block at all and opt to use an ex­
isting block can be provided by Vitesse . 

• Will preserving the hierarchy 
produce a less than optimal design? 
In certain designs, the original hierarchy 
(especially at the lowest levels) may make 
the application of optimization algorithms 
such as (DeMorgan equivalent circuits) 
difficult if not impossible. Figure 3, for 
example, shows an original hierarchical 
design and two different optimizations -
one without flattening and one with flat­
tening. The optimal design in terms of 
speed, power, and area is the flattened ver­
sion. Keeping the hierarchy intact, how­
ever, will produce an optimized design 
similar to the one shown in the center of 
the figure. 

Figure 4 shows the conversion flow for a 
hierarchical design. Note that some of the steps in 
this flow are not necessary if the user can provide 
a hierarchical BDIF netlist to Synopsys. 
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Original Hierarchical Design 

Generate Hierarchical 
Nellis!: 
t. Netlist blocks A & B 
2. Netlist the top-level sheet 

without flattening (Create 
.MPF entries for blocks A & B) 

3. Convert noUlsts into EDIF II 
they aren' converted a~oady 

Use DONT TOUCH 
command on blocks 

A&B onthe 
top-level sheet 

Figure 4 Hierarchical Conversion Flow 

CONVERSION EXAMPLE 
Figure 5 shows a 4-bit counter design in 

Vendor A's technology which is to be implemented 
as a Vitesse FURY gate array. The following steps 
are used to translate this design: 

1. Create the translation library. 
The translation library is generated by cre­
ating representations of the sequential ele­
ments (D flip-flops, latches, etc.) and tri­
state elements (tri-state outputs and internal 
buffers) in the Vitesse FURY library. In 
this example, Vendor A's library contains a 
D flip flop with Q and QN outputs not 
present in the FURY library. Therefore, the 
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Counter.db co 

CLOCK 

Figure 5: Four Bit Counter in Vendor A's Technology 

design shown in Figure 6 must be created 
to represent the Vendor A's flip flop named 
DFF. In FURY library elements, an LFPl 
D flip flop and an LDR 1 inverter are com­
bined to create Vendor A's DFF. (Note that 
the mapping of the LPFI to the DFF flip 
flop would be necessary even if the two 
flip-flops were functionally identical.) The 
design must be named DFF . db and the port 
names must match the port names in Ven­
dor A's cell. 

OFF.db 

~~: QI q?,=: 
LFP1 

Figure 6: Vendor A's OFF Macro Mapped into FURY 

2. Create the link path. 
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To create the link path, we issue the fol­
lowing statement on the Design Com­
piler™ command line: 

link-path = {translation_lib. db, 
vendor_a.db, fury.db} 

D Q I---~ D Q 

QN QN 

CLK CLK 

OFF OFF 

This statement assumes that the translation 
library which contains our newly created 
DFF.db is named translation_lib. db 
and Vendor A's Synopsys technology li­
brary is named vendor_a. db. The fury. db 
library will reference Vitesse's FURY li­
brary. The search-path statement in the 
. synopsys startup file should contain the 
path or paths where all these libraries are 
located 

3. Read in the top level of the original design. 
In our example, the counter only has one level 
of hierarchy so we read in the design as 
follows: 

read counter. db 

4. Translate the design using the link 

command. 
The link command resolves the references 
to the non-combinatorial elements using 
the translation library we have created. 
These non-boolean elements (such as our 
DFF) are resolved in exactly the same way 
the Design CompilerTM resolves any hierar­
chy. 

link; 

At this point, the design is represented in a 
mix of Vendor A's technology library (the 
boolean elements) and the Vitesse FURY 
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DO Q DO Q 

CP 

LFP1 

CLOCK 

Figure 7: Four-Bit Counter Translated into FURY 

technology library (the LFPl flip flop). 

5. Compile the design to complete the 
translation. 

Now we must issue the corrpile command 
to translate the boolean elements and elimi­
nate the extra level of hierarchy that the 
link command created. 

compile -no_flatten -
no_structure - map_effort low; 

Note that the flattening and structuring 
functions in the Design Compiler™ are 
turned off and the mapping effort is re­
duced to its minimum level. This causes 
the design to be mapped without any logic 
optimization. Given the CPU time and disk 
space normally involved with the transla­
tion of a large design, this is highly recom­
mended Figure 7 shows the original design 

current_design = HTOpH; 

DO Q 

CP 

LFP1 

after it has been translated into the FURY 
gate array library. 

6. Write the translated design. 
Use the write command to save the trans­
lated design in the Synopsys .db format. 

write; 

DESIGN OPTIMIZATION 
Merely mapping the design into GaAs DCFL 

ignores tremendous gains in terms of circuit speed 
and area which can be realized by using the optimi­
zation capabilities of the Synopsys Design Com­
piler™. The compile command allows the user to 
control the optimization process by designating 
different optimization routines and amounts of 
computational resources. Design optimization is 
also controlled by setting constraint variables (e.g. 
max_area, max_delay, etc.) to their desired val­
ues. Further details on the design optimization 

current_library = HvendorA.db"; 
translate_library = HvendorA_to_FURY.db"; 
target_library = "fury.db"; 
link-path = { translate_library current_library target_library}; 
link; 
compile -no_flatten -no_structure -map_effort low; 

Figure 8: Example Translation Script 
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process can be found in the Synopsys Design Com­
piler™ Reference Manual. Figure 9 shows an ex­
ample of a script which optimizes a design for 
minimum area. Area optimization is generally the 
easiest type of optimization to perform because the 
desired goal (i.e. zero area!) is the easiest to de­
scribe. 

current_design = "TOpu; 

link-path = { fury.db }; 
target_library = { fury.db }; 
max_area 0.0; 

Figure 9: Example Min. Area Optimization Script 

CONVERTING A PLD·BASED DESIGN 
INTO A VITESSE ASIC DESIGN 

Vitesse supports the conversion of various 
PLD descriptions into Vitesse ASIC designs. The 
conversion is accomplished using the Synopsys 
Design CompilerTM in conjunction with specific 
software developed by Vitesse. PLD file conver­
sion is provided as a service by Vitesse and may be 
a part of a full turnkey development or a "standard" 
customer design. This section covers the PLD con­
version flow and the PLD file types currently sup­
ported. 

To WcIrksIaIkn Enllironnwnr for: 
• Schematic Generation 
• Do<!gn SImulation 
- ~Uisf CnMfbn 

Figure 10: PLD Conversion Flow 
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Conversion Flow 
Figure 10 shows the general flow for PLD 

conversion. The customer supplies files for one or 
more PLD devices to Vitesse. These files are com­
bined and then translated into two files used as input 
for the Synopsys Design Compiler™: 

• Equation File - This file describes the 
combinatorial logic which feeds the state 

elements in the design. 
• EDIF Frame File - This EDIF schematic 

file contains a reference to the 
combinatorial block described by the 
equation file as well as connectivity 
information for all the registers, buffers, 
and I/O cells in the design. 

The equation file is read into the Synopsys 
Design Compiler™ and is compiled and optimized 
using customer provided area and speed con­
straints, if any. The EDIF frame file is then read into 
the Synopsys Design Compiler™ and mapped into 
the VITESSE ASIC library. The two descriptions 
are then linked and the output files are produced in 
one of two formats depending on the design flow. 

Customer Input Files and Design 
Information Required 

This section summarizes the input files and 
information required by Vitesse to perform a PLD 
design conversion. The specific file formats indi­
cate those currently supported by Vitesse. PLD 
conversion support is constantly being reviewed 
and upgraded, and the user is urged to contact 
Vitesse if the conversion of file types other than 
those listed is desired. All of the file 
information should be supplied on one of the fol­
lowing computer media: 

Computer Media Supported 

• IBM PC, XT, or AT 5.25" floppy 
disk - any density 

• Apple Macintosh 3.5" floppy 
disk - any density 
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• SUN cartridge tape 
• Mentor cartridge tape 

PLD Design Input 
1. PW ji/e(s) The customer must supply Vit­

esse with one or more files which describe the 
functionality of the PLDs to be converted. 
These must be on one of the types of com­
puter media named above. Vitesse currently 
supports the following input file formats for 
PLD conversion: 

• ABL DOC - Equations should be in the 
format produced by the document module of 

the ABL compiler. All comments and other 
extraneous data such as line feeds, form 
feeds, etc. should be stripped from this file. 
The file should only contain equations. The 
following is an example of an equation in 
ABL DOC file format. 

SIGOUTl := INl & !IN2 & CO & 
!STOP & GO & 
# MAYBE & BARNEY & WILMA & 

DINO & ! BAMBAM 

# BEDROCK & !SIGOUT; 

The := signifies that SIGOUTl is a registered 
output. An equal sign with no colon denotes 
a purely combinatorial output. The amper­
sand (&) is a logical AND, the pound sign (#) 
is a logical OR, an exclamation point (!) 
represents an inversion, and a semicolon (;) 
ends the equation. No line continuation char­
acter is required. 

• CUPL DOC - The stipulations listed for 
ABL DOC files also apply here. The file should 

only contain CUPL "DOC" format equa­
tions. The following is an example of an 
equation in the CUPL DOC format. 

OUT1.d => !INl & IN2 & 

CYCLEl & CYCLE2 & CYCLE3 
# OLD_DOG & POOCH & 
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! MUTT & ! OUTl & PUP 

As in the ABL DOC format, the ampersand 
represents a logical AND while the pound 
sign signifies a logical OR. Unlike the ABL 
format, however, a '.d' suffix is used to 
denote a registered output. The assignment 
operator is an equal sign followed by the 
greater than symbol (=». There is no semico­
lon at the end of an equation. 
Vitesse prefers that the customer supply the 
PLD description as one file. For instance, if 
the customer wants to implement a state 
machine, the preferred PLD input format is a 
single equation file which describes the com­
binatoriallogic feeding the state elements as 
if it were written for one large PAL. If mul­
tiple equation files are supplied to Vitesse, all 
of the names must be unique unless the user 
want those signals shorted together. 

2.110 Designation The customer must also 
provide a file which lists all of the primary 
inputs, outputs, and bidirectionals in the "tar­
get" design. The following is an example of 
the I/O designation file: 

I/O Designation File Format 

.inputlist 
INl 
IN2 
DATAl 
DATA2 
.outputlist 
OUTl 
OUT2 
OUT3 
QO 
Ql 
Q2 

.bidirlist 
BIDl 
BID2 
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3. PW Connectivity File - If multiple sets of 
equations are provided to Vitesse, the cus­
tomer must also supply a netlist which de­
scribes the connectivity of the PLDs in ques­
tion. The preferred formats are EDIF or VR 
(Vitesse internal format). Most workstations 
provide EDIF netlisting capabilities. Other­
wise, if the board design containing the PLDs 
has been captured on the Mentor or VALID, 
then a VR netlist can be obtained by running 
the Vitesse netlister. The customer should 
also provide a hard copy schematic which 
shows the connectivity visually. 

PLD Conversion Example 
Figure 11 shows an example CUPL DOC file 

for a 4-bit up counter. The pld2synopsys translator 
is used to convert this file into the two files (equa­
tion file and EDIF file) needed by the Design 
Compiler™ for conversion of the PLD. The usage 
of the command is: 

pld2synopsys 
[-cupl I -abl 
[-padJ [-oeJ input_file 

where: 

-cupl I -abl denotes the input file format: -
cupl for a CUPL DOC file and -abl for an 
ABL DOC file. 

-pad causes the translator to add input and 
output buffers to the design. The -pad 
switch should be omitted if several PLDs 
are incorporated in a single conversion. 

-oe causes any output enable signals to 
appear as outputs to the PLD core if 
the -pad switch is not chosen. If the -pad 
switch is chosen, then the output enable 
signals are connected to the output 
enable inputs of the tri-state outputs. 

input_file is the ABL or CUPL input 
file name 
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CUR. 3.00 Serial1999999999 
Device p2Dr6 Lilraty ILIB-h-24-10 
created Wed Kay 16 15:32:49 H90 
...... COONlBR 
Partno 
Revislion 1 
Date 4/23/90 
Delligner Georqe JetSllOD 
Cottpany Spacely Sprocltetlil 

As"""",-y 
Location U1 

Expanded Prodlct 'l'enns 

Q1.d "'> 
!Ql 

ga.d _> 
QI 

gJ.d => 
QI&Q2 

Q4.d .. > 
Qi&Q2,Q,Q) 

Pin Variable 

"" ..... 

CLK 

Synbol 'IIIIIble 

ptezms Max Min 
Ext Pin 'tYpe Used ptenns Level 

21 
21 
2. 
2' 
19 
19 ,. ,. 
1 

LEOElI): F: field D : default variable M : extended node 
N : node I : inte-mediate variable T: function 
V : variable X : extended variable U : Wldefined 

Figure 11: CUPL DOC File for a 4-bit Counter 

The following command was used to trans­
late the PLD equations in the example into an EDIF 
and equation file for subsequent reading into the 
Design CompilerTM: 

pld2synop~s -cupl counter. doc 

Figure 12 shows a plot of the converted 
design produced by the Design Compiler™. Note 
that in this case, the design was synthesized for 
minimum area as opposed to the design shown in 
Figure 7 which is optimized for speed. 

SUMMARY 
Vitesse can supply both the guidelines and 

software necessary for converting a design from a 
Silicon (Bipolar ECL, CMOS, or BiCMOS) imple­
mentation into a GaAs DCFL implementation. The 
conversion may be performed at the customer loca-
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LDR1 

LFP1 LFP1 

CLOCK 

Figure 12: 4-bit Counter in FURY Synthesized from CUPL Equations 

tion or in-house by Vitesse. For more detailed 
information on the capabilites of the Synopsys 
Design Compiler™, the following sources are rec­
ommended: 

SynopSYSTM Design CompilefN Reference 

Manual. Synopsys, Inc. Version 1.2, October 
30,1989. 

SynopsysTM Design CompilefN Commands 

Reference. Synopsys, Inc. Version 1.2, 
November 30, 1989. 

Synopsys Technical Applications Note #2: 
"Technology Translation Applications Note", 
Cynthia Coliart, Revision 1.0, April 13, 1989. 

7992 Product Data Book 

01 

02 

03 

04 

8-61 

• 



Technology Translation: Converting Silicon Designs to VitesseASICs 

8-62 VITESSE Semiconductor Corporation 



A 
N 

LOS ANGELES 
INTERNATIONAL AIRPORT 

BURBANK AIRPORT: Hollywood Freeway (170) south to 
Ventura Freeway (101 West), exit at Pleasant Valley Road. 
LOS ANGELES AIRPORT: San Diego Freeway (405) north to 
Ventura Freeway (101 West), exn at Pleasant Valley Road. 

Ii »)> ).~...j SANTA BARBARA AIRPORT: Ventura Freeway (101) south, exit 
Pleasant Valley Road. 

From Pleasant Valley Road: follow inset map to Pancho 
Road, Calle Alto, and 741 Calle Plano. 

HOTEL & MOTEL ACCOMODATIONS 
The following is a list of some convenient 

hotels and motels you may choose to stay in when 
visiting the Camarillo Headquarters of Vitesse 
Semiconductor Corporation. 

The Holiday Inn 
Tel: 805/498-6733 
Hwy 101 at Ventu Park Road exit 
in Thousand Oaks (North) 
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The Days Inn 
Tel: 805/375-1431 
Hwy 101 at Ventu Park Road Exit 
in Thousand Oaks (South) 

The Hyatt Westlake Plaza· 
Tel 805/497-9991 
Hwy 101 at Westlake Boulevard 
in Westlake Village (South) 

The Courtyard by Marriott· 
Tel: 805/388-1 020 
Hwy 101 at Santa Rosa Road 
in Camarillo (North) 

• Recommended 
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ORDERING INFORMATION 
Vitesse products are available in a variety of 

packages and operating ranges. The order number 
is formed by using a combination of the following: 
Device Type, Package Type, Operating Tempera­
ture Range, Speed Option, andlJO Type. 

VS8000 FAMILY· STANDARD LOGIC 

VS8001 

Device Type ] 
VS8001: 1.25 Gb/Sec 12:1 Multiplexer 
VS8002: 1.25 Gb/Sec 1 :12 Demultiplexer 
VS8004: 2.5 Gb/Sec 4:1 Multiplexer 
VS8005: 2.5 Gb/Sec 1:4 Demultiplexer 
VS8010: SONET -1.25 Gb/Sec8-bit Muxl 

Demux with Frame Synchronization 

Specific ordering numbers are listed for each 
standard product family below and on the next 
page. Please consult with a Vitesse sales represen­
tative to determine device availability. 

L 

~ Temperature 
C: Commercial (0° to 70°C) 
I: Industrial (-40° to +85°C) 

Package Type 

VS8011: SONET - 1.25 Gb/Sec 8-bit Multiplexer 
VS8012: SONET - 1.25 Gb/Sec 8-bit Demultiplexer 

with Frame Synchronization 

L: Leadless Chip Carrier (LCC) 
F: Leaded Chip Carrier (LDCC) 

VS8021: SONET - 2.4 Gb/Sec 8-bit Multiplexer 
VS8022: SONET - 2.4 Gb/Sec 8-bit Demultiplexer 

VS12GOO FAMILY· RAMS 

VS12G422T L 

Device Type _I 
VS 12G422T: 256 x 4-bit TTL Static RAM 
VS12G478: 2K x 2-bit ECL SRAM 

Package Type 
D: 22- and 24-pin DIP 
L: 28-pin Leadless Chip Carrier (LCC) 
F: 28-pin Leaded Chip Carrier (LDCC) 

(1) Contact Vitesse for availability of military temperature range parts. 
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C 5 

L Speed Range 

Temperature 

VS12G422T: 4, 5, and 6 ns 
VS12G478: 5 and 6 ns 

C: Commercial (0 to 70°C) 
M: Military (-55 to + 125°C) (1) 
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STANDARD LOGIC EVALUATION BOARDS 

VS8001 

Device Type J 
VS8001NS8002 Chip Set 
VS8004NS8005 Chip Set 
VS8010NS8011NS8012 Series 

G·TAXICHIPS· DATACOMMUNICATIONS 

VSC71 XX 

Device Type I 
VSC7101 - Data Communications Transmitter 
VSC7102 - Data Communications Receiver 
VSC7103 - Data Communications Multiplexer 
VSC7104 - Data Communications Demultiplexer 

Package Type 
F: 28-pin LDCC Package 
M : 132-pin MQUADTN Package 
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L DUT l L De,,;ce Und" Tost 

Package Type 
L: Leadless Chip Carrier (LCC) 
F: 28- and 52-pin Leaded Chip Carrier (LOCC) 

x C -X 

~ Speed (Applicable to 7101 & 7102 only) 
-1 = 1.0625 Gb/sec 
-1.2 = 1.25 Gblsec 

Temperature 
C: Commercial (0° to 85°C) 
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VITESSE U.S. SALES OFFICES 

Corporate Headquarters 
Vitesse Semiconductor Corporation 
741 Calle Plano 
Camarillo, CA 93012 
TEL: ....................................... (805) 388-7501 

FAX: ....................................... (805) 388-7565 

Southeastern Sales Office 
Vitesse Semiconductor Corporation 
5070 Highway A1A#214A 
Vero Beach, FL 32963 
TEL: ....................................... (407) 234-5411 
FAX: ....................................... (407) 234-5407 

Northeastern Sales Offices 
Vitesse Semiconductor Corporation 
70 Walnut Street 
Wellesley, MA 02181 
TEL: ...................................... (617) 239-8075 
FAX: ..................................... (617) 239-8069 

Vitesse Semiconductor Corporation 
P.O. Box 747 
Chester, NJ 07930-747 
TEL: ...................................... (908) 879-8066 
FAX: ..................................... (908) 879-8944 
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Mid-America Sales Office 
Vitesse Semiconductor Corporation 
3010 LBJ Freeway #1281 
Dallas, TX 75234 
TEL: ....................................... (214) 888-6081 
FAX: ....................................... (214) 919-6181 

Southwestern Sales Office 
Vitesse Semiconductor Corporation 
11400 W. Olympic Blvd., 2nd Flo 
Los Angeles, CA 90064 
TEL: ...................................... (310) 445-8891 
FAX: ..................................... (31 0) 445-8894 

Northwestern Sales Office 
Vitesse Semiconductor Corporation 
470 Mercury Drive 
Sunnyvale, CA 94086 
TEL: ........ (408) 730-3645 
FAX: .................................... (408) 245-9406 
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General 
Information 

u.s. REPRESENTATIVE OFFICES 

Advanced Technical Marketing, Inc. 
4900 SW Griffith Drive, #105 
Beaverton, OR 97005 
TEL: ........................................ (503) 643-8307 
FAX: ........................................ (503) 643-4364 

8521 154th Avenue NE 
Redmond, WA 98052 
TEL: ........................................ (206) 869-7636 
FAX: ........................................ (206) 869-9841 

A vtek Associates 
9030 Red Branch Road 
Columbia, MD 21045 
TEL: ........................................ (301) 740-5100 
FAX: ........................................ (301) 740-5103 

Bestronics of San Diego, Inc. 
9683 Tierra Grande Street, #102 
San Diego, CA 92126 
TEL: ........................................ (619) 693-1111 
FAX: ........................................ (619) 693-1963 

C.C. Electro Sales, Inc. 
1843 N. Meridian Street 
Indianapolis, IN 46202 
TEL: ........................................ (317) 921-5000 
FAX: ........................................ (317) 921-5005 

Leading Concept Technologies 
3700 Campus Drive #104 
Newport Beach, CA 92660 
TEL: ........................................ (714) 851-0654 
FAX: ........................................ (714) 851-1004 

Lyons Corporation 
4812 Frederick Pike, #101 
Dayton, OH 45414 
TEL: ........................................ (513) 278-0714 
FAX: ........................................ (513) 278-3609 
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Phase II Marketing, Inc. 
5999 S. New Wilke Road, #306 
Rolling Meadows, IL 60008 
TEL: ........................................ (708) 806-1330 
FAX: ........................................ (708) 806-1349 

11040 W. Bluemound Road 
Wauwatosa, WI 53226 
TEL: ........................................ (414) 771-9986 
FAX: ........................................ (414) 771-9935 

Reptronix, Ltd. 
1661 E. Camelback Road #285 
Phoenix, AZ 85016 
TEL: ........................................ (602) 230-2630 
FAX: ........................................ (602) 230-7730 

237C Eubank Boulevard NE 
Albuquerque, NM 87123 
TEL: ........................................ (505) 292-1718 
FAX: ........................................ (505) 299-1611 

Thorson Rocky Mountain, Inc. 
384 Inverness Drive S., #201 
Englewood, CO 80112 
TEL: ........................................ (303) 799-3435 
FAX: ........................................ (303) 799-3441 

1831 E. Fort Union Blvd., #103 
Salt Lake City, UT 84121 
TEL: ........................................ (801 ) 942-1683 
FAX: ........................................ (801) 942-1694 

u.S. DISTRIBUTOR 
Nu-Horizons (Headquarters) 
6000 New Horizons 
Amityville, NY 11701 
TEL: ........................................ (516) 226-6000 
FAX: ........................................ (516) 226-6262 
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INTERNATIONAL REPRESENTATIVES AND DISTRIBUTORS 

EUROPE 
Thomson Composants Microondes 
Route Departementale 128 B.P.48 
91401 Orsay Cedex France 
TEL: ..................................... 33-1-60-19-7000 
FAX: ..................................... 33-1-60-19-7140 

ISRAEL 
AST (Advanced Semiconductor Tech.) 
47/9 Golomb Street 
Herzlia, Israel 46305 
TEL: ........................................ 972-52-583355 
FAX: ....................................... 972-52-505525 

JAPAN 
H.Y. Associates Co., Ltd. 
3-1-10, Sekimachikita, Nerima-Ku 
Tokyo, 177 Japan 
TEL: ...................................... 81-33-929-7111 
FAX: ...................................... 81-33-928-0301 
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KOREA 
Beaver International, Inc. 
3601 Deauville Court 
Calabasas, CA 91302 
TEL: ....................................... (818) 591-0356 
FAX: ....................................... (818) 591-0753 

TAIWAN 
Tamarack Microelectronics 
16 FI, No.1, Fu-Hsing N. Road 
Taipei, Taiwan, R.O.C. 
TEL: ...................................... 886-2-772-7400 
FAX: ...................................... 886-2-776-0545 
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