
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Interfacing GaAs Products 
to ECUITL I/O 

Figure 3: Bipolar Eel Outputs Driving an Eel Input 

Vcc=OV Vcc=OV 

VTT = -2.0 

Figure 4: GaAs Eel Outputs Driving an Eel Input 

Application Note 2 

Vcc=OV 
Vcc=OV 

Vrr =-2.0V 
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TTL lID 

Interfacing GaAs Products 
to ECLffTL 110 

VitesseASICs support TTL inputs and outputs 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 mV for ECL. Figure 5 shows the guaran­
teed worst case TTL I/O levels in Vitesse components. The TTL inputs source a worst case current of -500 IJA. 

Figure 5: Worst Case TTL 1/0 Levels for Vltesse Products 

±_.O_v ______ v~-Im = ~.ov 

Voo =a0 000 =av 
+5.0 +5.0 

NMH = 400 mV • 
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f \'IL 
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TTL compatible outputs impose certain constraints on the user. Figure 6 is a schematic representation of the 
TTL output buffer with tri-state capability. 

Figure 6: TIL Output Buffer Schematic 

Vm =+5.0V 

OE 

IN 
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One difference between the Vitesse 'IT!.. totem-pole output and typical silicon TTL is that the high level 
(VOH) typically goes higher in the Vitesse output. The high level can be one diode drop below V'ITL (+5.0 V), 
whereas in standard 'IT!.., the output generally does not exceed 3.8 Volts. The low level (VOL) is similar to stan­
dard'IT!.. (:2: 0.4 Volts) with the rated sinking current (8 rnA). 

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

Figure 7: TTL Output Tri-State I-V Curve 
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In a typical system application, there may be many TTL outputs from the Vitesse component bussed 
together with either CMOS or 'IT!.. open collector outputs. The output high level on the bus equilibriates at an 
operating point (Q point) consistent 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 is difficult due to the 
severe ringing that fast edges produce. To control the ringing on the circUit board, it is helpful to buffer the TTL 
outputs with a silicon bus interface chip such as the 74244. 
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Figure 8: Capacitive loading Effect on Vitesse TTL Output Buffers 
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DC Specifications 
The following tables (4-8) taken from the FURY Series Gate Array Design Manual are representative of all 

ofVitesse's GaAs devices. Tables 4, 5 and 6 give DC specifications for the EeL JlO cells using the internal ref­
erence, an external diode reference, or a full external reference, respectively. DC specifications for TTL JlOs are 
in Table 7. Following the tables are specified Recommended Operating Conditions and Absolute Maximum Rat­
ings. 

Table 4: DC Characteristics for ECl I/O Cells Using Internal Reference 

... .. ... ... . .. ... .. .. . 

........... . 1jifti~ ....... ........ ......... i)~fi####~ ••.... ·• •• . • ••••• Mm ••••• •• ••• •• Mdi •••• • • •• UhlU ••• ••••••• .•••• $iil4#w~~ ..... ...... . 
VOH Output mGH voltage -1020 700 mV VIN = Vm (max) 

Output LOW voltage -2000 -1620 mV orVn,(min) 

-1100 -700 mV 
Guaranteed mGH for all 

inputs 
Input mGH voltage 

-2000 -1540 mV 
Guaranteed LOW for all 

inputs 
Input LOW voltage 

Notes: (1) Over recommended operating conditions, Vee = VeGA = GND, Output Load = 50C! to VTl' 
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Table 5: DC Characteristics for ECl 1/0 Cells Using External Diode Reference 

Notes: (1) Over recommended operating conditions, Vee = VCCA = GND, Output Load = 500 to VT7' 

Table 6: DC Characteristics for ECl 110 Cells Using Full External Reference 

:HHit#4~/ :::::Li:>~feti~#:·· .>HM.i~: H.>M~ ::uitlU. ::Q~hli~~ 
VOH Output mGH voltage -1025 700 mV 

VOL Output LOW voltage -2000 -1620 mV 

Input HIGH voltage -1165 -700 mV 

Input LOW voltage -2000 -1475 mV 

Notes: (1) Over Tecommended operating conditions, Vee = VeGA = GND, Output Load = 500 to VT7' 
External Reference = 1.32V± O.025v' 

VIN = Vm (max) 
orVIL(min) 

Guaranteed mGH for all 
inputs 

Guaranteed LOW for all 
inputs 

Table 7: TTL Inputs/Outputs (Over recommended operating conditions, mGND = GND) 

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

VOL Output LOW voltage 0 0.5 V IOL=8mA 

Vm Input HIGH voltage 2.0 VTIL V 
Guaranteed HIGH for 

all inputs 

VIL Input LOW voltage 0 0.8 V 
Guaranteed LOW for all 

inputs 

1m Input HIGH current 50 f.IA. VIN=VTIL 

IlL Input LOW current -500 f.IA. VIN =0.5V 

IOZH 
3-State Output OFF 

100 f.IA. VOUT= 2.4V Current HIGH 

IozL 
3-State Output OFF 

-100 f.IA. VoUT =0.5V 
Current LOW 

IOH 
Open collector output 

100 f.IA. VOUT=2.4V leakage current 
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Absolute Maximum Ratings (1) 

Potential Pin to Ground, (V'IT ) ....................................................................................................... -2.5V to +O.5V 

Potential Pin to Ground, (V'ITL) ..................................................................................................... +6.OV to -O.5V 

ECL Input Voltage Applied (2), (VIN ECL) ...................................................................................... +0.5V to VTI 

Tn. Input Voltage Applied (2), (VIN'ITv ....................................................................................... -0.5V to VTTI.. 

ECL or Tn. Output Current, lour, (DC, output HIGH) ............................................................................ 50 rnA 
Case Temperature Under Bias, (Tc ) ............................................................................................. _55° to +125°C 

Storage Temperature(3), (TSTG) ..................................................................................................... _65° to +150°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) vrr. vrrL must be applied before any input signal voltage and VECUN input must be greater than vrr - O.5lf. 
3) Lower limit of specification is ambient temperature and upper limit is case temperature. 

Recommended Operating Conditions 
ECL Supply Voltage (VCC ), (VTT ) ................................................................................................... -2.0V ± 5% 
Tn. Supply Voltage, (VTTI.. ) .......................................................................................................... +5.0V to +5% 
Operating Temperature (2), (T)(Commercial) 0° to 70°C, (Industrial) -40° to +85°C, (Military) -55° to + 125° C 

NOTES: 1) When using internal ECL lOOK reference level. 
2) Lower limit of specification is ambient temperature and upper limit is case temperature. 
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Description 

Generation of a -2 Volt Supply 
From a +5 Volt Supply· 

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 regulator IC such as the LTI070 from Lin­
ear Technology 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. The schematic below 
depicts a Flyback Converter configuration capable of +5V to -2V conversion. In addition to the LTl070, the cir­
cuit includes a standard LMI24 op-amp from National Semiconductor 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 LTI070 and the Output Flyback Converter configuration can be obtained 
from Linear Technology Corp. (408/432-1900) in their Application Note # 19. 

+5V 

1000).lF 

Figure 1: Flyback Converter Configuration 

0.47).1F 1KO 
PIn 1 

112 T °1 (PE·65108) 

Pin 3 

LT1070 

1KO 

0.01 ).IF 2KO 

Pin 6 

(PE·65108) I. 
Pin 5 

L..--I<J.------ V OUT 

Power 
Schottky 
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Application Note 6 Metastable Behavior of 
GaAs DeFL Registers 

Introduction 
This application note describes the fundamentals 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 synchronizers implemented using GaAs DCFL registers. 

Metastability Theory 
In any system where a single flip-flop (or latch) is used to resolve the timing conflicts between two asyn­

chronous digital circuits, this flip-flop is subject to marginal triggering behavior.1 In recent years, this general 
phenomenon has been given the name "metastability". The theory and characterization of metastable behavior 
is of particular concern in determining the reliability (failure rate) of synchronizer circuits. 

A metastable condition can occur when the setup and hold specifications of a register are violated. In Figure 
1, Case 1 shows a transition of the asynchronous data which satisfies the setup time requirements of the syn­
chronizing 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. 

Figure 1: Data and Clock Relationship for BI-Stable Elements 

tsu>min -+-I /4- tH~ j4- tsu,tH=?...I 

~/.----------~, r 
------/ 

t pD:5max ~ ~ 

Case 
1 

Case 
2 

I 

Case 
3 

Metastable behavior can also be perceived in terms of its effect on flip-flop delay? As seen in Figure 2, the 
flip-flop has a normal propagation delay, tcQ' when the setup time specification is met. As the data input transi­
tion 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. 
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Figure 2: Metastable Delay 
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Perhaps the most important concept in understanding 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 unresolved at time tw. MTBF(lW), is: 2,3 

where: 

MTBF(lW) = exp(t.,/K2) (1) 
(Kl)(fcLKXfDATA) 

fortw >h 

lW is the time the flip-flop has been allowed to resolve after the clock transition. 
Kl, 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 recovery time (T R) from 
time T M until a valid logic state is achieved. 
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Metastability Characterization 
Metastable beh .. vior 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 simulation. 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 delay lines to vary the relationship between clock and data until an indeterminate condition is 
observed using a triggered oscilloscope. Because metastability is a probabilistic phenomenon, however, 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 characterizing the metastable behavior of a llip-flop is to construct 
a synchronizer using that flip-flop and gather statistical data on that llip-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 pre­
dict 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 transition. 

Test Setup 
In order to characterize the metastable properties of GaAs DCFL registers, a synchronizer circuit was 

implemented on a FURY VSClOK gate array. The circuit schematic is shown in Figure 3. In order to simplify 
the testing, a latch (LLPIU) was used rather than a flip-flop. The LLPIU is an unbuffered DCFL latch. The 
clock and data signals 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 mV in magnitude centered around the nominal 
inverter threshold. When the output of the latch is in the indeterminate region, therefore, the output of U5 will 
be high and the output of U6 will be low. The outputs of U5 and U6 are registered using flip-flops U7 and U8 
and are driven off-chip through ECL outputs U9 and UIO. 

Figure 3: Metastability Circuit Schematic 
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Figure 4: Metastability Bench Setup 
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The bench setup shown in Figure 4 was used to conduct the metastability testing. An EH SPG2000 4-chan­
nel pulse generator was used to provide the "raw" clock and data signals (MCLK and MDATA) 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 EeL differential input buffers, Ul and U2), were used as verniers. The 
MDATAREF signal Was set to a fixed voltage to adjust the clock and data signals so that metastable events per 
unit time were maximized. A triangie waveform was driven onto the MCLKREF pin in order to sweep the latch 
back and forth through its entire window of metastabi1ity. The size of the actual window was determined empir­
ically to be about 15 ps. However, a 350 ps sweep window was chosen (by adjusting the amplitude of the trian­
gle waveform) to ensure that the entire period where metastable events occurred was covered even if the 
MDATAREF input voltage drifted. Because the slew rate of the MCLK/MDATA Signal was set to 0.5 Vlns, a 
peak-to-peak voltage of 175 mV was used for The register output signals, MOUTI and MOUn, drive an off­
chip exclusive-OR which in tum drives a 16-bit EeL counter with over-How. For a given test the walkout time, 
tw, is controlled by setting the delay between the MCLK and RCLK signals. The time between trials (each trial 
being a latChing edge on MCLK) is set by varying the internal period on the SPG2000 plilse 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 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 How applied to the part. A case tempera­
ture 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 actual MTBF testing, the output of the latch was observed directly using a sam­
pling oscilloscope to ensure that metastable conditions could be induced by the test setup. 
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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 equa­
tion (1). The value of the experimental constant, h, which represents the minimum value of tw for which equa­
tion (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 allowed by at 
least 1 ns to meet the typical MTBF values specified. 

Figure 5: In(raw MTBF) as a Function of WalkoutTlme 

10 

Y = -9.2725 + 5.482e+9x R = 0.98 
8 

6 

4 

2 

o 

-2 r-------~------~------~------~------~------~ 
1.00e-9 2.00e-9 3.00e-9 4.00e-9 

Average In (raw MTBF), Tease = 52 C 

The values for K1 and K2 are derived from the experimental data using the following relationships: 

where: 

K1 = exp(-ln«!cud(fDATA» - b) (2) 
K2 = 11m (3) 

! CLK = clock frequency to the latch (to MHz) 
!DATA = effective data frequency (1.43 GHz) 
m,b = the slope and y-intercept of the linear fit of In(MTBF) vs. tw 
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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 window. Using the slope and y-intercept from Figure 5, the values of KI and K2 are: 

KI = 7.44E-13/sec 
K2 = 1.82E-10 (dimensionless) 

Figure 6 charts the MTBF as a function of walkout time for a data frequency of 100 MHz and a clock fre­
quency of 75 MHz. Data is given for both a GaAs DCFL circuit and a typical ECL register. Table 1 shows the 
typical MTBF for various combinations of feLK' fDATA' and 1w. The user should note that these MTBF 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 synchro­

nizers. The VMEbus, for example, is an entirely asynchronous bUS? Because no timing is specified for bus arbi­
tration signals, decision points such as the bus arbiter, the bus-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 syn­
chronizer can be established based on the MTBF equation for that register. For example, a dual register synchro­
nizer clocked at 100 MHz synchronizing data at 50 MHz will exhibit a mean time between failures of 
approximately 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 sin­
gle register, 100 MHz clock, and 50 MHz data, allowing an additional 5 ns of delay yields a typical MTBF of 
about 7 years. 
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Figure 6: MTBF VS. WalkoutTime for GaAs and Eel 
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Conclusions 
Compared with previously published results, 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 feedback 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? 

Table 1: MTBF as a Function of FDATA• FCLK and WalkoutTlme 

....................................................................................................................................................... 

:: ::::::::::.::::::::::: : .•.. :: .•.. >.:_ ..• :.e .• :.lk.:·.::.::.:r.:i1.:·.::.z.:.I .• :·:tiJdIk T/H .~r~r~s~~lD,:HH.: 
.fj~iita(lli) iii \" / •• : .: .. :.: .•. i.,.:.~.·.~ ... o .... fid .•.•. ·., .•. ~.· . •.•. :. ~e~rI¢a .H!i.~U1:~: .............................. L:.n~ •• \, , :··:Hpa,tiH 
1.00E+07 2.ooE+07 4.00E-OS 1.15E+93 3. 1 SE+89 1.33E+8S 3.64E+85 

2.50E+07 5.ooE+07 1.S0E-OS 7.69E+39 2. 14E+36 S.99E+35 2.44E+32 

5.00E+07 1.OOE+OS S.OOE-09 2.99E+15 S.31E+ll 3.46E+l 0 9.48E+07 

1.00E+OS 2.00E+OS 4.50E-09 3.47E+06 9.65E+02 4.02E+0l 1.10E.Ol 

3.30E+07 6.60E+07 l.42E-OS 3.04E+30 S.43E+26 3.51E+25 9.63E+22 
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Introduction 

GaAsDCFL 
ASIC Design 

For several years, Gallium Arsenide ICs have proven extremely useful in high-speed linear applications 
such as microwave amplifiers and fiber optic drivers. Within the past five years, however, improvements in pro­
cessing technology coupled with the use of advanced design techniques have made the production of VLSI 
GaAs integrated circuits a reality. Vitesse Semiconductor Corporation has developed a tightly controlled GaAs 
enhancement/depletion mode (FlD) process. This process in conjunction with its direct-coupled FET logic 
(DCFL) design technique has enabled Vitesse to produce and ship ASIC circuits with complexities of over 
100,000 gates. The performance of these circuits and the available EeL-compatible I/O structures allow GaAs 
DCFLASICs to serve as a viable alternative to ECL gate arrays or standard cells at the system level. This appli­
cation note describes the similarities and differences in structure and implementation of GaAs DCFL and Bipo­
lar ECUTTL ASIC devices. 

What is Direct-Coupled FET Logic? 
Direct-coupled FET logic (DCFL) is a technique used to design logic structures from enhancement and 

depletion mode FETs. DCFL has been in use since the mid-1970's to build nMOS circuits and is widely recog­
nized for its density and simplicity in the creation of large integrated circuits. 

On paper, GaAs DCFL logic looks virtually identical to nMOS with the exception that nMOS uses MOS­
FETs while GaAs DCFL uses MESFETs. 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 V OH level to 
about -1.3 V, or one diode drop above V 1T 

Figure 1 shows a 2-input NOR driving an inverter. The depletion mode FETs (Ql & Q4 ) have their gates 
shorted to their drains and act like current sources. When both DO and Dl are low, Q2 and Q3 ate off, allowing 
ZNl to rise and turn on Q5. The current from Ql in this case will flow through the gate of Q5. If either DO or Dl 
are pulled high, the Ql current is shunted through Q2 and/or Q3, pullingZNllow. 

DO 

DO 

01 

Figure 1: DCFL 2-lnput NOR and Inverter 

2-input NOR Inverter 

ZN1 ZN2 
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The key advantages of DCFL are circuit simplicity and the ability to switch very quickly using a small sup­
ply voltage. The 2-input NOR gate shown in Figure 1, uses only three transistors (resistors are not necessary). 
OaAs 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 OaAs DCFL circuits. All logic switches 
around the enhancement-mode PET threshold (about 250 m V above the source voltage, V IT). 

On the flip side, however, OaAs DCFL does not allow the use of series-gated structures, wire-ORs, or col­
lector-dotting (all features of ECL). This is offset by the higher circuit density and corresponding shorter device 
interconnection lengths found in OaAs DCFL. Virtually all logic structures which have been created for Vitesse 
ASIC products are constructed from simple inverters or two to four input NOR gates. Figure 2 depicts a full 
adder macro implemented in OaAs 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 effec­
tively drive large capacitive loads with very little skew between the rising and falling edges. Table 1 is a com­
parison of the OaAs DCFL full adder macro with an equivalent version implemented in silicon bipolar ECL 
technology. Note that the OaAs DCFL version has a significantly shorter propagation delay, dissipates less than 
30% of the power and uses only 70% of the space needed by its silicon counterpart. 

Figure 2: Full Adder Implemented in GaAs DCFl 

A~~--~--~~--~~------~--------~--------~--~ 
BCJ~--~------+---r-~------~----------~----------------~ 
qnCJ~--~----------~--------~--------------------------------~ 

Table 1: GaAs DCFl vs. Silicon ECl: Full Adder Macro Comparison 

AIB~SUM 560ps l125ps 

340ps 1338ps 

Power (typ) 2.6mW 16.58mW 

Area 9144~ 31750 18112 
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Many ECLASIC products allow for a tradeoff between speed and power. This is generally accomplished by 
allowing the designer to select different switch and emitter follower current values by paralleling resistors using 
the metal personalization. Generally, the resistors necessary for at least two different speed/power versions of 
many functions are included in the basic cell. In GaAs DCFL, however, the trade-offs involved in buffering are 
somewhat different. In Vitesse's FURY 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 of the macro 
function. In general, the presence ( or absence) of buffering 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 per­
formance. 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-input NOR and a D flip flop in the FX Series macrocelllibrary. 

Figure 3: FX Macro Buffering Options for a 2-input NOR Gate 
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Figure 4: FX Macro Buffering Options for a D Flip-Flop 
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Like most third generation EeL gate arrays, the Vitesse FURY Series of gate arrays employ a channeled 
architecture. Metal! is used to route within macro cells and in the vertical channels between macrocell 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 macrocell columns. Figure 5 shows the layout of the FURY 
VSC15K array. 

Figure 5: FURYVSC15K Array Architecture 

The YO 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 196 YO pads. A D-latch or buffer can· be implemented in the input-only ce11s and a D­
flip flop or a 2 or 3-input ORINOR gate may be placed in the output ce11 structure. In addition, each FURY array 
contains a small number of high-drive input ce11s which are used for distributing large fanout Signals, such as 
clocks, to local buffers in different areas of the core. 
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Each cell column in the core is composed of a large number of "slices" (192 in the case of the VSCI5K). A 
slice consists of four 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 addressable 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 JlO macrocells and both generally use channeled architectures with two layers of user 
metal and one layer of power/ground metal. 

FX Array Architecture 
The FX Series offers the integration level of BiCMOS gate arrays With speed performance exceeding that of 

ECL devices. Implemented using Vitesse's proprietary H-GaAs III 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 channelless 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 archi­
tectures. Due to an advanced 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 array technology. The speed of leading edge ECL technology is 
achieved at a fraction ofECL's power. In addition, because of the frequency independent power consumption of 
H-GaAs technology, power dissipation levels comparable to, or lower than, similar ~ensity BiCMOS arrays can 
be achieved at frequencies above 50 MHz (see VitesseApplication Note 10,"Power Dissipation: BiCMOS vs. 
GaAs"). This power savings can add up to substantial cost savings to users in terms of overall cooling require­
ments. 

The FX Family includes support for the creation of custom masterslices. Functions such as SRAMs, multi­
port register files, and others can be merged with FX arrays resulting in unique architectures and optimum per­
formance. 

As with all ofVitesse's ASIC products, the FX arrays interface with TTL and EeL devices directly. The FX 
array family uses standard power supplies and is supported on the ASIC industry's most popular CAE platforms 
for schematic capture, behavioral modeling and logic synthesis. 

The FX arrays contain three cell types: intemallogic cells, input only cells and input/output (1/0) cells. All 
input only and input/output cells contain undedicated logic which the user may personalize. There is enough 
configurable logic in these cells to implement moderately complex functions such as IDUX'es and flip flops, 
allowing the arrays to conform to the JTAG boundary scan standard. 
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FX arrays can be designed to implement full custom megacells such as SRAM and pre-defined core based 
megacel1s such as register files. In addition, a proprietary compiler is available to customers wishing to incorpo­
rate custom RAM configurations in their designs. A depiction of a VGFX350K with megacells incorporated is 
shown in Figure 6. 

Agure 6: FX Array Architecture 

RAMIROM Megacells 

f ·mpu/ c.-gI 
I I 

k¥W~\ E~ 

N:b: /K) cBIIs wrap around fils 
~ and boftom d tho array and 
iti:Iuds aUldlitJIY grounds so no 
IIgnIllB need ID be sllCli_. 

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 BieMOS for the implementation of 
dense RAM, the FX arrays use the same GaAs FJD process and design rules for RAM and ROM blocks that are 
used for standard DCFL logic. 
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At the system level (i.e., looking at a packaged part as a black box), Vitesse GaAs ASICs are virtually iden­
tical 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 differences and power supply requirements. 

ECLVO 
Vitesse ASICs support ECL lOOK input and output levels. Unlike standard ECL lOOK, however, 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 dig­
ital applications, but may necessitate the use of a higher VIT (approximately -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 10m levels (which vary 
with temperature), then an external VBB reference should be supplied. 

Power Supply Considerations 
Nearly all VitesseASICs use -2Vas the primary supply voltage. In fact, for an ECL-only interface, -2V is 

the only supply required. Although the power dissipated by GaAs DCFL circuits is relatively small, the -2V reg­
ulator 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 +5V is required. Some gate arrays can be configured 
to a +5Y, +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 ECLASICs, the two technologies are virtually identical at the system level. 
The density and performance of GaAs DCFL ASICs make them attractive alternatives 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 performance than ECL while dissipating only 1/4 to 115 of the 
power. 
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Introduction 

Generating an Extemal 
EeL Reference 

The use of multiple ECL (or ECL-compatible GaAs) ASIC devices on a circuit board may require the addi­
tion of an externally generated ECL input reference voltage (VBB)' Providing this reference ensures that the 
input receivers of the EeL devices will all switch at the same threshold voltage independent of power supply or 
temperature variations. 

This application note describes a method for providing an external EeL input reference (-1.32 Volts) from a 
standard -2.0 Volt EeL supply using an adjustable micropower 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 devices available from National Semiconductor Corporation. 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 LM185/285/385 is shown in Figure 1. The circuit 
shown in Figure 2 is used to create the voltage reference. 

Figure 1: Block Diagram of the LM18512851385 

+r---~~----------------~ 

The reference circuit shown in Figure 2 uses V IT and Vee as external voltages to produce the reference volt­
age, V REP In order to create a reference which can be used with Vitesse EeL-compatible ASIC parts, the values 
for R}t R2, andR3 must be chosen under the following operating conditions: 

• SupplyVoltage,(VIT) -2.0 Volts (± 10 %) 

• Current through LM1851285/385 from + to -, (ID) 0.10 
to 20 mA 

• ADJ Current through LM1851285/385, (IA ) ::; 10 nA 
(guaranteed by LM185/285/385 specs) 

• Current to each Vitesse EeL compatible input cell from 

V REP! (hnput) ::; 5 J.lA 
• Potential between Vee and ADJ, (~V R2 ) 1.24 Volts (ref­

erence voltage produced by the LM385) 
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Figure 2: ECl Reference Circuit 
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v @i 
{~ LOAD 

VTT = -2.0 Volts (± 10%) 

The values for R2 and R3 must satisfy the following condition: 

R3 
V REF= -1.24 (R2 + 1) 

Application Note 8 

[1] 

By equation [1], the following commonly available resistor values can be used for R2 and R3 to create a -
1.32 Volt ± 10m V reference: 

R2 = 16Kn 
R3 =lKn 

The stability of V REF depends on the tolerances of these two resistors. If k is the maximum normalized 
value and p is the minimum normalized value of the resistors R 2 and R 3 expressed as decimals, then the varia­
tion in V REF is given by the following equation: 

[2] 

Page 588 <fj) VlTESSE Semiconductor Corporation 



Application Note 8 Generating an External 
EeL Reference 

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

[3] 

IlVREF = 0.6% or -8mV 

Although use of 5% resistors gives a tight V REP! it is advisable to use 1 % metal film resistors instead of the 
commonly available 5% carbon composition resistors to minimize aging effects and to compensate for the toler­
ance on the 1.24 Volt band-gap reference voltage. 

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

R = 1.8-1.32 = 2.7 kn 
1 17S,....A 

Since the regulator can source up to 20mA, as many as 4000 Vitesse EeL 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 extemal VREF pad is shown in FJ.gure 4. The exact number of 
IC's is dependent upon the number of EeL inputs per IC. The load current per input cell is ~ 5f,lA, with an addi­
tionall00f,lA ESD diode leakage current per chip. For example, if 3 ASIC devices with 40 inputs each are ser­
viced by the external V REF circuit, then: 

h = (3x40x5~) + (3xlOOJ.1A) 
=900~ 
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Figure 3: Implementation of Reference Circuit 
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Application Note 8 

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 "F 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 reference 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 (TTL, ECL, NMOS, etc.) the power dissipated 
by a CMOS or a BiCMOS gate is dependent on the frequency of its operation. When CMOS or BiCMOS gates 
are not toggling they dissipate almost no power. As operational frequencies in the gates increase, however, the 
amount of power dissipated proportionately increases. At these higher frequencies, GaAs Direct Coupled PET 
Logic (DCFL), which is capable offaster gate delays, dissipates less power than BiCMOS. 

This application note shows hoW power dissipation is calculated in both BiCMOS and DCFL GaAs and 
examines and compares power dissipation in the two technologies. 

Power Calculations for SiCMOS 
little or no static power is dissipated in most practical topologies of BiCMOS gates because current is used 

exclusively to charge and discharge load capacitance. BiCMOS ASIC design manuals instruct the user to com­
pute the internal cell power dissipation by multiplying a factor, whose units are microwatts/(gate-MHz), by the 
frequency of operation. 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: 

Where: 

F= 
Av= 
G= 

Pgm= 

(1) 

the highest frequency in MHz for gates in the design 
average fraction of the gates which are switching at a given time 
the total number of gates in the design 
the power per gate-MHZ (typically between 20 and 40 microwattslgate-MHz) 

To obtain accurate results from a particular design, however, it would be a mistake to use theAv estimation 
factor blindly. Not using any derating factor could also result in an incorrect estimate of the power dissipated in 
a sequential circuit. Between two successive registers in a sequential circuit there may be several levels of logic. 
As a result, 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 explicitly calcu­
late 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 frequency 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 fre­
quency. 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. 
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Figure 1: Benchmark Circuit. 
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----1D 
Q 

CK 

Note: This circuit is analyzed in the ntext to compare its power dissipation vs. frequency when implemented in BiCMOS and GaAs. 

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

Power = F(O.5)GPgm 

and for the gates in between: 

Power = F(O.5)(O.5)GPgm 

(2) 

(3) 

Power Calculation for DCFL GaAs Circuits 
Unlike CMOS or BiCMOS, DCFL GaAs circuits have a power dissipation which is independent 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 because when both pull down FETs are off 
(corresponding 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 down FETs are on (corresponding to a logic high at their input) the pull down FEr sinks 
all of the pull up FET current while maintaining a very small V ds. AB a result a valid logic low is created at the 
gate's output. 

Figure 2: DCFL Logic 

In 
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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, I, 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 dissipation 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 tech­

nology 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 calculated. 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 inversions into account. The worst case path for 
each situation is designated by arrows in Table 1. 

Table 1: Macro Delay 

DELAY (BiCMDSI DELAY (GaAaI 

MACRO 

Rising Falling Rising Failing 

FIF ClK. Q 2.75 + 2.59 0.59 + 0.36 

2:1 MUX (Fo. 11 1.93/2.10 0.61 + 0.28 

2 input XOR (Fo = 31 1.66,2.10 1.34,0.45 

2 Input NOR (Fo = 31 1.26/0.50 1.15 /0.56 

4 input NOR (Fo • 11 2.88 0.45 0.49 0.26 

FIF Setup Time 0.25+ 0.25 0.14 + 0.14 

Rising Delay 9.97 nS 3.73 nS 

Falling Delay 9.98 nS 3.20 nS 

Max Operating Fraq. 100.2MHz 268.1 MHz 
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Table 1 indicates that, for the benchmark circuit, the maximum frequency attainable in BiCMOS is 100.2 
MHz. GaAs technology is capable of a 268.1 MHz frequency. The GaAs macros selected for this particular 
analysis are optimized for low power dissipation. As a result 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 Figure 3 (following page) depict the power dissipated by each tech­
nology as a function of frequency for the benchmark circuit. The power for the BiCMOS circuit was calculated 
using equations (2) and (3). ThePgm value NBC attributes to their BiCMOS-5 process is 0.038 mWIMHz. 

Table 2: Macro Power 
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Frequency (MHz) 

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 III pro­
cess. Since, for the circuit in question, BiCMOS is limited in frequency to about 100 MHz one can only specu­
late 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 frequencies above 150 MHz BiCMOS power dissipation is unreasonably high. 
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Figure 3: Power Dissipation vs. Frequency for Benchmark Circuit 

BieMOS GaAs 
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2511Hz 5011Hz IOMHz 100MHz 
FUNCTION 

FURY MACRO POWER(mW) 

NAME 
H-<IoAoII H·_.nl 

Fllp-Rop F8.1 1 .... 2.85 4.58 5.7 

2:1 MUX F571 0,", 0.95 1.52 1.' 
Flip-Flop LFPIlJ 3.1 1.55 

2~nputXOR F511 0.47 0.95 1.52 1.' 2:1MUX LMIU 1.3 0.65 

2~nput NOR F202 0.24 0.475 0.78 0.95 2~putXOR LXIU 1.7 0.85 

"~npul NOR F204 0.24 0.475 0.78 0.95 2~nput NOR LN2IJ 0.33 0.16 

FUpoflop Fe"1 1 .... 'B5 4.58 5.1 
.~putNOR LN4U 0.33 0.18 

4.a. U5 1011 ... 17.1 
Flp.fIop LFPIU 3.1 1.55 

SourcI: NEC BiCMOS·S Desle" M/JItlUll, Oc' '89 
ViIu .. FURY Desig" M/JItlUll, v. 3.0 0.86 4 ... 

Conclusion 
BiCMOS, which has earned a reputation as a low power technology, earns that reputation at low frequen­

cies only. Since its power dissipation increases 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 capa­
ble 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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Introduction 
When one or more outputs of a semiconductor 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 inter­
preted 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 consequences 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 of SSO's. These effects have been characterized by Vitesse 
using a test chip personalization of the FURY VSCI OK gate array packaged in a multilayer ceramic 211 pin grid 
array. 

The purpose of this application note, therefore, is to help the system designer minimize the probability of 
device or board level problems associated 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 

Electrical Effects of Output Switching: A Basic Model 
Figure 1 shows an ECL source-follower output driving a capacitive load and a 50n resistor. Figure 2 dem­

onstrates the relationship between the drain voltage of the output PET (node A) and the source voltage of the 
output PET (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 PET causing its 
source-drain conductance to increase dramatically. 

Figure 1: Eel SSO Model 

J 
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As the transient current is conducted through the device to charge the capacitive load, an instantaneous 
demand for current is placed on the VCCA (output ground) supply terminal of the output node A. If inductance 
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 PET. A falling output edge conversely creates a 
positive transient voltage on the VCCA node. Increasing the inductance in the tends to impede the transient cur­
rent ftow and increase the size of the SSO noise pulses shown in Figure 2. At the system level, these effects are 
manifested as degradations in the pin-ta-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. 

Figure 2: Power Supply Noise 
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ASIC Device and Package Features to Alleviate ssa 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 con­
fined 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 minimizes mutual coupling (crosstalk) between output and input bond wires by 
placing them at 90° with respect to one another. 
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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 produced a test chip specifically designed to examine these effects. The sche­
matic of the test chip is shown in Figure 3. The SSO test chip, or SSOTC, is implemented using a Vitesse FURY 
VSCI0K 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 turn bonded to conductor planes in the 211 PGA package. 

Figure 3: Benchmark Circuit 

Upset Struchlr" 

UPOUT 

Upset Structures 
In order to mouitor 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 clock inputs of these structures 
(UPCLK bus) are driven by ECL input pins. The outputs of these structures are connected directly to ECL out­
puts (UPOUT bus). If the noise generated by the simultaneous output switching is sufficiently coupled to the 
upset structure input, the flip-flop will toggle, thus signifying an upset failure. 
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Characterization of SSO effects was performed on a Teradyne 1953 VLSI tester. 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 first a group of simultaneous ris­
ing 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 SSO delay was due to the device test fixture. The test 
fixture was re-worked to minimize the impedance 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: 

TpJsso) = 15 ps/SSO 

for EeL outputs which share a common VCCA pad. 
A maximum total delay degradation of approximately 100 ps was observed when switching up to six EeL 

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 simulta­
neously. Results for more than 40 outputs switching were inconclusive due to the noise inherent in the VLSI test 
environment. 
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Figure 4: SSO Test Chip Block Diagram 

I I 
I --,...- I I I I 

I~,~l~/] 
L/ t "".1 I .-~ . .,... I I I .'HFT~_ I 

t I 

~V1TESSE Semiconductor Corporation 



Application Note 11 The Effects of Simultaneously 
Switching Outputs in GaAs Devices 

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 theASIC as well as in the construction of the board on which the inte­
grated circuit(s) will reside. The following guidelines summarize these precautions. 

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 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 ofVCCA (Figure 5). 

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

Bypass CapaCitor Recommendations 
Bypass capacitors must be used in high frequency (> 100MHz) designs to filter out high frequency varia­

tions in the power supply voltages at the device power inputs and on the board. The following bypassing is rec­
ommended. 

1. A 0.DlJ.tF high frequency capacitor should be placed between ground (VCCA) and each V IT (-2Volt) 
pin as close to the V IT pin as possible. 

2. A 1 to 10 J.tF capacitor should be placed on the board at the power supply inputs to filter 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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Application Note 13 

Introduction 

Calculating Path Delays 
in FX Gate Arrays 

The following information is provided to aid in estimating AC path delays in the FX Series of gate arrays. A 
delay equation is a first order approximation of the actual delay and is a convenient way to estimate delays with 
manual calculations. The simulation tools Vitesse provides in its software suite use a delay equation that is far 
more sophisticated. For this reason, simulation delays will not match perfectly with hand calculations using this 
model. For most preliminary investigations, however, the follOwing delay equation is sufficient. 

Delay Equation 
The delay for each macro is expressed in terms of an equation which specifies the delay as a function of 

intrinsic delay, pin loading, metal length, pin drive, and derating based on a composite measure of process, tem­
perature, and voltage. The standard form of the delay equation is shown below. 

DELAY= Tp + -K1 + -K2 K* [ I-NI ML] 
NO NO 

For output macros the following equation is used for the delay from A to PAD: 

DELAY (A to PAD) = [T P + k T P K 1{ C L)] K* 

For TTL output macros the following equation is used to determine the TRI to PAD delay: 

DELAY (TRI to PAD) = [rp]K* 

where: 
T p = The intrinsic delay of the macro for fan-out = 0, 0 mm of wire, and typical conditions (ps) 
I-Nr = Sum of the AC input loads being driven by the output (fan-out) 
ML = Metal length being driven by the output (mm) 

No = Drive capability of output (dimensionless) 

Kl = Fan-out derating factor (pslfan-out) 

K2 = Metal load derating factor (pslmm) 
K* = Composite derating factor (dimensionless) 
CL = Load capacitance (pF) 
kTp = Load dependent delay (pslpF) 
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The fan-out factor, K1, and metal load factor, K2 • are parameters which have different values for low to 
high and high to low output signal transitions. They are used to convert the driven load drive strength ratios into 
time units. Their values are given in Table 1. 

Table 1: Fan-Out (K1) and Metal Load (K:z) Derating Factors 

· .•.••.• :1Wimt#tJ~.: .:::. ::.: •••• trli~~t#tJ~.: ••• ··· 
HHtQ.WiQH.tgh •••• ·i:l;i#h~.~H 

14 . 23 

86 86 pshnm 

Notes: 1) Applies to propagation delays with an output signal transition from low to high. 
2) Applies to propagation delays with an output signal transition from high to low. 

The composite derating factor, K*, given in Table 2, represents the extreme cases of process, temperature 
and voltage. 

Table 2: K* Composite Performance Derating Factors 

Notes: 1) Applies to propagation delays with an output signal transition from low to high. 
2) Applies to propagation delays with an output signal transition from high to low. 

The information required to estimate path delays is found in the macro library contained in the FX Series 
GateArray Design Manual, version 2.0. Each dat~ sheet in this library contains the macro name, functional 
description, cell utilization, the macro's icon as it appears on the workstation screen, a logical truth table, intrin­
sic delay, power dissipation, and loading factors. 

The propagation delay (T p) for every path through the macro is an intrinsic number based on a fan-out of 0, 
a wire load of 0 rom, and junction temperature of 25° C. They do not represent actual delay, but are used as the 
first entry in the delay equation. The loading factors give the fan-in load factor (AC and DC) for input pins (N[) 
and the output drive (N o)(AC and DC) which each of the macro outputs provide. 
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Estimating Metal Lengths Before Place and Route 

Calculating Path Delays 
in FX Gate Anays 

The following formula should be used to predict the metal interconnect length on a critical path net when 
estimating timing using hand calculations. This formula assumes that all macros have been hand placed to opti­
mize metal interconnect lengths or have been grouped into sections smaller than a few thousand gates each prior 
to automatic placement. 

where: 
ML 
N = 

ML= (N -1)O.17mm 

predicted metal interconnect length in mm 
number of connections on the net 

Figure 1: Sample Critical Path Calculation 

Sample Critical Path Calculation ... In the example at right, a critical path 
interconnect length of 0.17 mm of wire 
per driven inptA is assumed. To calcu­
late the maximum clock frequency un­
der worst case conditions through the 
path, the worst case delay must first 
be determined. A summary of this 
calculation is shown below. 

~'"' : c'" 

"". 

roNI ML 
K* MIICI'O Signa' Tp + --Kl + -K2 

No No 
REG rise 180 + 52.7 + 24.8 1.01 

fall 290 + 42.3 + 16.6 1.04 

NOF12 rise 00 + 28.3 + 24.8 1.01 
fall SO + 17.4 + 13.7 1.04 

BUF rise 00 + 71.7 + 22.5 1.01 
fall 40 + 52.2 + 13.7 1.04 

XNOR2 rise 340 + 8.8 + 24.8 1.01 
f.1I 310 + 7.4 + 17.4 1.04 

MUX41 rise 210 + 59.8 + 28.1 1.01 
fall 270 + 44.4 + 17.4 1.04 

NOR2 rise 00 + 28.3 + 24.8 1.01 
fall SO + 17.4 + 13.7 1.04 

REG rise 100 + - + - 1.01 
t",(set-up) fall 100 + - + - 1.04 

Delay 

280.1 
362.9 

132.4 
64.3 

155.7 
110.1 

377.3 
348.2 

300.9 
345.1 

132.4 
64.3 

104 
104 

NOTE: WOlSt cast derated setup time is used irrespective of signal trandion. 

Poaible Delay Pat".: 

1. T .... (REG1)+ T , ..... (NOR2) + 

T .. ",(BUF) + T, .... (XNOR2) + 

T, .... (MUX41) + T .... (NOFl2) + 

T ... (REG)= 1429.8 ps 

2. T,.....(REG1)+T .... (NOR2)+ 

T,....(BUF) + T .... (XNOFl2) + 

T .... (MUX41)+ T , ..... (NOFl2)+ 

T ... (REG)= 1471.9ps 

Tota, WoNt ea.e Path Delay: 

1471.9ps 

MlVClmum Clock Rate: 

111471.9 p.. =679 MHz 
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In most designs a large block of logic will be partitioned into smaller sections called soft groups. 
Autoplacement will be improved by the specification of soft groups. The purpose of soft groups is to specify to 
the router those macros which should be placed in proximity to each other. In addition, you can specify timing 
assurance restrictions. These will also positively influence the correct placement of your design. 

The most accurate method for estimating interconnect lengths is to have Gate Ensemble auto-place your 
design. Placement is about two times faster than place and route combined. The fully placed design can be 
annotated using a Vitesse-provided intermediate back annotation program called VSCmA. In addition, a Vit­
esse-provided pre-placement tool (VSCGPRE) can be used to modify the placement obtained with autoplace­
ment to iterate the placement. 

A second option is to use the Intermediate Back Annotation (VSCmA) program directly. This program will 
calculate the interconnect lengths based on the manhattan distance of all nets between placed macros. The 
placement is provided by the user in the form of the pre-placement file. If the design is fully placed and meets 
the desired timing using VSCIBA there is a very good chance that the first actual place and route will result in 
acceptable timing performance. 

Further detailed discussion on timing driven placement can be found in the FX Series Gate Array Design 
Manual, version 2.0. 

Estimating Metal Length for Automatic Place & Route 
In rare instances a customer may wish to have his full design automatically place and routed. A statistical 

analysis of auto-routed FX personalizations has shown that the metal length per connection has a probabilistic 
distribution which varies with the size of the array. The following equation may be used to predict the intercon­
nect length for a fully auto placed design based on the number of connections on a net. Note that the number of 
connections includes the output. For example, if a gate is driving one other gate, the number of connections, N, 
is equal to 2. . 

ML= (N+K)L 
where: 

ML = predicted metal length in mm 
N = number of connections on the net 
K = array constant (see table below) 
L = length constant (0.25 mm for FX auto-placed macros) 

Table 3: Array Routing Length Constants 
........................ 

H:1t#i?: ..... ::~y:.::::: .. 
. ....................... . ...••••• t<: .r<:. 

FX20K FX200K 4 

FX40K FX350K 7 

FXl00K 
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Working With The 
344 Pin LDCC Package 

The 344 pin LDCC is a state-of-the-art leaded ceramic chip carrier used to package the VSC864 Crosspoint 
Switch and the VSC30K Gate Array. This surface mount package has many advantages, including high density 
and high pin count. These advantages are coupled with several important considerations for board designers. 
This application note lists hardware requirements and sources in addition to assembly guidelines using the 
socket and carrier. 

1. Hardware Requirements 
As board designers transition from prototypes to high volume production, needs will arise ranging from 

socketing to pick and place robotic equipment. The companies mentioned below provide sockets and carriers, 
lead trim equipment, and robotic place equip~ent. Similar equipment may also be available from other sources. 

A. Sockets and Carriers 
For prototyping at lower clock frequencies (up to 200 MHz) Vitesse has developed a socket that must be 

used with an accompanying carrier. The socket and carrier can be purchased from Vitesse. Part numbers and 
pricing are listed below: 

Table 1: Pricing Table 

344 LDCC Socket $395.00 

344 LDCC Carrier $40.00 

Figure 1: 344 Socket and Carrier 
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Figure 2: 344 Socket and Carrier Dimensions 
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When using the socket and carrier it is important to note that the heat spreader will now be facing down 
towards the PCB. This means that pin 1 is now at the upper right hand comer of the PCB rather than upper left. 
The pinout on the socket will also now run clockwise rather than counterclockwise. 

When inserting the 344 LDCC into the carrier the "V" (indicating pin 1) should line up with the pointer 
( ... ) on the carrier. 

B. Lead Trim and Form Equipment 
In order to reduce the PCB area which the 344 LDCC occupies, many customers will want to trim and form 

the leads. Fancort is a leading supplier of this equipment. Their address is listed below: 

Fancort 
31 Fairfield Place 
West Caldwell, NJ 07006 
(201) 575-0610 

C. Robotic Placement Equipment 
Automatic pick and place equipment for packages with 20 mil centers is available from the following 

sources: 

Table 2: Vendor Table 
... ..... .. . 

••.••.•.•••.• M#~~tq#tI#~r •••• • ...............................• M~d~t.···· ....... . 
Taltek 
148-D Aero Camino 
Goleta, CA 93117 
8051968-2127 

Fuji 
(See your local sales rep for 
further information.) 

FPS360 
(Also does ttim and form.) 

IP series with 54 mm field of view 
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Procedures for Attachment to a Printed Circuit Board 
The technique described below requires considerable expertise. Vitesse therefore recommends using a third 

party vendor (such as Tetratech or others) which has experience with fine pin pitch packages to perform the 
operation. 

Tetratech 
155 Granada Street, Suite Q 
Camarillo, CA 93012 
(805) 482-1792 

The following steps should be taken when assembling on a "hybridized" PCB (printed circuit board inte­
grated with through hole and surface mounted components). Sequence of assembly is key: 

1.0 Insert all through hole components on the component side of the PCB EXCEPT those in close proximity 
with the fine pitch LDCC. 

2.0 Epoxy ceramic chip capacitors to thesolder side of the PCB. 

2.1 Epoxy should contact body of part only. It should not spread to the terminations. 

2.2 Cure the epoxy according to the manufacturer's recommended curing schedule. 

3.0 Wave solder the board so that the solder side of the board goes through the wave. 

3.1 63% Sn 137% Pb solder is preferable. 

3.2 Use RMA fiux. 

3.3 The terminations of the ceramic capacitors will wet and affix in this process. 
The epoxy will hold them in place. 

4.0 Clean the board in a commercial board cleaner thoroughly. 

5.0 Now we are ready to place the LDCC [Note: The following procedure for LDCC placement applies to rela­
tively low volume applications (fewer than 20 parts per day). Semi-automatic and automatic equipment and 
procedures are appropriate for higher volume applications. The associated variations and complexities of 
these procedures are not applicable to the present discussion.] 

5.1 The surface and pads on which the LDCC is to be attached must be as fiat as possible. Do not pre-tin 
the pads. Bare copper or plated pads are OK. The resulting meniscus shapes are not conducive to fine 
pitch attachment. 
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5.2 Apply a very thin layer ofRMA!lux over the pads. 

Working With The 
344 Pin LDCC Package 

5.3 If an appropriately fitted vacuum tweezer is not available, handle the part manually. Use finger cots and 
apply appropriate ESD safeguards. 

5.4 Place the LDCC in its proper orientation under a magnifying lamp. Stronger magnification may be nec­
essary depending upon the visual acuity of the operator. 

5.5 Use .015 diameter RMA core, 63/37 solder to tack down comers of the LDCC diagonally. This proce­
dure holds the component in place during the remaining soldering operation. 

5.6 Use a fine tip soldering iron to solder each of the remainingLDCC leads. Use an Exacto blade or other 
fine instrument to carefully orient leads into exact position. 

6.0 Hand solder the remaining through-hole and SMD components that are in close proximity to the LDCC. 

7.0 Clean the board of the remaining RMA !lux. 

8.0 Inspect the soldered leads of the LDCC thor-oughly under 20-3Ox magnification for solder bridges or other 
anomalies. 
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Package Thermal Properties 
The 344 pin LDCC package has a set of thermal properties which have been characterized and are shown in 

the following table and figure. Using this information, the nOOd for a heat sink and the proper air flow over the 
packages can be determined. 

Figure 3: Sca vs Air Velocity for the 344 LDCC 
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Table 3: Sca vs Air Velocity for the 344 LDCC 

Natural Convection 8.2 400 6.10 

50 8.00 500 5.82 

100 7.42 700 5.34 

150 7.06 900 4.92 

200 6.80 1200 4.34 

300 6.40 1500 3.76 

Trim And Form Equipment 
Fancort Industries offers a trim and form press for the 344 LDCC (Fancort part # F-1A14L). For further 

information please contact Fancort at (201) 575- 0610 

Conclusion 
The 344 LDCC package offers a Significant packing density advantage. It also offers some challenges for 

companies not accustomed to fine pitch packages. Many large companies including Convex Computers have 
chosen this package and have it running in volume production. It is our goal at Vitesse to help you through the 
challenges involved in acquiring this assembly capability. 
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Implementing the Fixed Clock 
1i"ee in FX Gate Anays 

This application note is intended as a guide for implementing fixed clock trees in FX Gate Arrays from Vit­
esse Semiconductor Corporation. The topics which are covered include: 

• System Clock Design Issues 

• Design Trade-oft's: FIXed Clock Tree vs. Custom Clock Distribution 

• Fixed Clock Tree Performance 

• Logic Modeling and CAD Issues 

• Custom Masterslice Fixed Clock Tree 

Background 
The clock distribution hierarchy in a typical system includes the system level distribution, the board level 

distribution, and the chip level distribution. In this environment, clock skew, duty cycle, and edge rate can have 
significant impacts on system performance. 

Clock skew is defined as the difference between the time that the critical clock edge arrives at a synchro­
nous element relative to the time it arrives at another synchronous element. Clock skew can affect system per­
formance by causing set-up and hold violations in registered elements. 

In a typical sequential system using a pipeline approach as shown in Figure 1, registers are followed by 
combinatorial logic, followed by additional registers. If the clock skew is positive (the clock arrives at the first 
register before it arrives at the second), and the logic delay is small, hold violations can result at any system 
clock frequency. This is known as double clocking. 

Figure 1: Typical Sequential System 
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To avoid hold violations, the following equation must be met: 

Where: 

T cQ(min) + T D(min) +' T Rdmin) 
- T HOW(max) > TSKEW 

Application Note ·17 

TCQ 
TD 
TRC 
THOW 

TSKEW 

Signal propagation delay from clock input to data output for register Ul 
Signal propagation delay due to combinatorial logic 
Signal propagation delay due to metal interconnect RC effects 
Data valid hold time requirement for register U2 
Maximum skew between clock signals CLKl & CLK2 

This issue becomes important in circuits such as shift registers or scan chains. If the clock skew is negative 
(the clock arrives at the second register before it arrives at the first), the logic delay must be decreased or the 
system clock period must be increased to satisfy setup times. To avoid setup violations, the following equation 
must be met: 

Where: 

TSET-UP 
t 

TcQ(max) + TD(max) + TRc(max) 
+TsET-up(max) + TSKEw< t 

Data valid set-up time requirement for register U2 
TIme for one period of the clock 

Two categories of clock skew are defined for ASICs: on-chip skew and chip-to-chip skew. On-chip skew is 
determined by RC delay, loading variations, and transistor drive variations. This skew can be minimized with 
the fixed architectures described in Section III, "Clock Tree Architectures" . Chip-to-chip skew is determined by 
board level clock loading and drive variations, and on-chip clock latency variations from die to die. Special 
clock drivers and board layout techniques can minimize board level clock skew, and clock delay variations from 
one chip to another can be minimized by using one or more of the following methods: 

l) By using special board level clock driver chips with multiple outputs, clock edges can be adjusted to cancel 
the clock delay on the die. 

2) Ceramic delay lines are included in series with each cloCk line to each chip on the board. Delay lines of var­
ious lengths can be added to the board to tailor the clock edge to each part. 

3) A variable tap delay line (vernier) can be included on each chip. This delay line will add extra clock delay 
to faster parts for clock edge alignment with slower parts. 

4) APhase-Lock-Loop (PLL) can be included on each chip to lock the edge of the internal clock to a lightly 
loaded global reference clock edge. 
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Items 1, 2, and 3 require a clock monitor output signal on each chip. Item 3 requires several input signals to 
adjust the clock edge. Item 4 requires a reference clock input signal. 

The clock duty cycle can become distorted as the clock signal travels through several levels of buffering. 
Flip-Hops have minimum clock pulse width specs that must be satisfied. In addition, latch based designs must 
maintain close to 50% duty cycle in order to achieve high clock frequencies. 

Clock edge rate can affect both skew and pulse width. The input switching thresholds of clock buffers and 
Hip-Hops vary due to process, temperature, and power supply variations. This variation translates into clock 
skew. The amount of skew is defined by the following equation: 

skew = (Vsw mismatch)/(edge rate V/ns) 

For very slow edge rates, a small threshold mismatch can cause race conditions even within latches and Hip­
Hops. Also, if slow edge rates keep the clock signal from reaching full voltage swing. Minimum pulse width 
violations can result To avoid these violations, it is desirable to maintain edge rates that are less than 20% of the 
clock period and a maximum of 1 ns for high speed designs. 

Clock Tree Architectures 
Clock tree architecture and layout are key elements affecting skew and edge rate. When considering clock 

tree architectures, the main objectives are to minimize overall clock tree propagation delay while maintaining 
good edge rates (chip-to-chip skew), and to minimize differences in the clock tree branches (on-chip skew). 
Secondary objectives include minimizing the place-and-route blockages created by the clock tree and providing 
standard 110 interface levels (ECL, TTL). 

The input capacitance on the clock input buffer must be minimized so that it does not represent a large 
capacitive stub to the PC board clock transmission line. Typical ASIC clock trees have to drive a total capaci­
tance in the 100s of pF range. To drive this capacitance, current is typically amplified through several stages of 
buffers while maintaining minimum capacitance to the input pin. The goal is to minimize the number of buffer 
stages while maintaining good edge rates and low duty cycle distortion. Minimum and maximum clock tree 
delays can be established by multiplying the total clock tree delay by the composite ASIC derating factors. The 
difference between these delays is the device's contribution to chip-to-chip skew. Therefore, minimizing total 
clock tree delay will also minimize chip-to-chip clock skew. 

On-chip skew can be minimized by carefully balancing the clock tree. The traditional approach is to use a 
hierarchy of 'H' patterns as shown in Rgure 2. Typically, additional buffers are used at the four ends of the 'H'. 
This approach provides a very well balanced RC delay to any local driver on the die. It also minimizes RC delay 
by having several buffer stages along the RC path. However, the 'H' pattern approach also has several disadvan­
tages including: 
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Figure 2: Clock Tree with Three Levels of 'H' Patterns 

1) Several stages of clock bu1Iers are typically used, increasing clock tree delay and chip-ta-chip skew. 

2) Local driver delay variations must be accounted for in the on-chip Skew budget 

3) Local clock bu1Iers are placed in the middle of the array, restricting the placement of large on-core mega­
cells such as register files. 

4) There are a limited number of local clock. bu1Iers at the end of the tree. Therefore, a significant portion of 
the clock tree will be routed with a place and route tool, adding to on-chip skew. 

5) Depending on clock tree bu1Ier placement, embedded memory blocks can cause unbalanced clock 
branches. Rebalancing the clock tree may require added bu1Ier stages, leading to higher chip-ta-chip skew. 

The clock tree must also support I/O bu1Iers and embedded memory blocks. Many designs use registered I/ 
o synchronized to the core logic. In addition, pipelined memories have registered inputs and outputs. Both of 
these structures typically connect to the clock tree and must maintain the same clock skew specification as other 
registers in the design. In many cases, the clock tree must be tailored for these applications. 

Skew can also be reduced by routing the clock on the thickest metal available. This will minimize RC delay. 
The RC product for a Imm length of metal versus metal width is shown in Figure 3. In this example, widening 
the line greater than 5 microns has little effect on the RC delay, because the parallel plate capacitance becomes 
dominant above this width. Figure 3 clearly shows that Metal 2 and Metal 3 have much lower RC delay than 
Metal 1. The thicker metal in Metal 2 and Metal 3 reduces resistance but does not significantly affect capaci­
tance. The thicker dielectrics surrounding these metals also contribute to their lower RC delay. 
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Figure 3: RC Product for 1 mm Wire vs. Wire Width (Approx for H-GaAs III) 
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Vitesse has designed fixed clock trees for the FX gate array family to minimize most of the problems asso­
ciated with the 'H' clock trees described above. Figure 4 shows the basic architecture and layout of this fixed 
clock tree. An input receiver at the top of the array drives a single large 'H' pattern through a very large buffer. 
Across the top and bottom of the array, local drivers feed local clock lines over every utilized column. In the 
comers, additional local drivers connect to local vertical and horizontal clock lines near the I/O buffers serving 
any registered I/O requirements. All clock routing is done in vertical Metal 3 and horizontal Metal 2, conform­
ing to the signal routing convention and minimizing place and route blockages. In addition, the thick Metal 2 
and Metal 3 used in the clock tree minimizes RC delay as discussed above. Finally. all outputs from the local 
drivers are shorted together to minimize skew. 

The single drawback of the fixed clock tree approach is that the RC paths to each local driver are not identi­
cal. However, this adds less than lOOps to the skew on the largest array. This minor disadvantage is far out­
weighed by its many features including: 

1) Only two stages of clock buffers are used, minimizing total propagation delay. 

2) Since the outputs of all the local buffers are shorted together, local driver variations are virtually eliminated. 

3) The local clock drivers are located only on the top and bottom edges of the gate array core. On-core mega­
cells such as register files can therefore be placed anywhere in the core area. 

4) Each usable gate array column has a dedicated local clock driver and clock line. Flip-Hops make connec­
tions to the local clock lines through short stubs of Metal 2. The small length variations in these Metal 2 
stubs add no additional skew. 

5) Embedded memory blocks can easily be added by subtracting only local clock lines. This maintains skew 
balance on the global 'H' clock bus. 
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Figure 4: Vitesse Fixed Clock Tree 

Clock Input 

• Note: drawing not to scale 
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Vitesse offers two types of input buffers for the clock trees. The ECL buffer is a differential input that can 
be used on EeL only or mixed ECUTTL FX gate arrays. If a high-speed clock is required on a TTL only array, 
this buffer can also be used, with its input levels referenced to V MM (+2V) instead of ground. The second type of 
buffer is a TTL single-ended input for the TTL only FX arrays. 

The I/O buffer and SRAM clock tree interfaces have been designed to add no additional skew to the overall 
clock tree. On the sides of the arrays, the local clock is routed with a vertical Metal 3 line over the core cells that 
exist inside the I/O buffer. On the top and bottom of the arrays, the local clock lines are routed in Metal 2 just 
outside the I/O core cells. To accommodate this, different registered I/O personalizations are used on the 
sides of the arrays than are used on the top and bottom. 

The SRAM layouts contain a horizontal Metal 2 clock line that is part of the compiled SRAM layout. Sev­
erallocal clock buffers are connected in parallel to drive this line depending on the fan-out load. 

Table 1 lists some of the key clock tree characteristics for the S gate arrays in the FX family. Skew and 
power dissipation specifications are all maximums. Keep in mind that the across die skew listed is a maximum 
value. This skew number must be derated along with the logic delays. Also, the numbers listed are for worst 
case points on the die. The skew will be much smaller «SOps) for flip-flops in close proximity. 
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Table 1: ECl Fixed Clock Tree Characteristics 

Max. Prop Delay (rise) 1200 ps 1540ps 

Across Die Skew 50ps 70ps 

Chip-Chip Skew 840ps 1080ps 

Max Frequency! 650 MHz 600 MHz 
Min Input Pulse 770ps 830ps 

Cells Required' 1198 1284 

Max. Flip-Flops 1120 1960 

Min Flip-Flops 56 92 

Max. DC Power 202mW 316mW 

1) Assumes maximum jlip-ftip utilization. 
2) Subtract from raw cell count. . 

Table 2: TTL Fixed Clock Tree Characteristics 

1) Assumes maximumjlip-ftip utilization. 
2) Subtract from raw cell count. 
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This section discusses the clock trees in relation to the Vitesse ASIC CAD flow. Each clock tree is offered 
as a macrocell in the FX macrocelllibrary. One macrocell is listed for each particular FX array size and are 
named accordingly; CLK20K, CLK40K, CLKIOOK, CLK200K, or CLK350K for ECL level clocks and 
CLK20KT, CLK40KT, CLKIOOKT, CLK200KT, or CLK350KT for TTL level clocks. The array specific sec­
tion of the FX Design Manual lists the specific pad numbers for which the fixed clock inputs are reserved. 

In utilizing the fixed clock tree the user creates one global clock net and drives it with the special clock tree 
macrocell during schematic capture. Since the metal in the clock tree is fixed, the change in delay after back 
annotation is insignificant. Fan-out on the clock tree is automatically extracted from the netlist during netlist 
compilation so that the overall clocktree delay can be adjusted due to loading. The resulting ERC report will 
issue errors if the maximum or minimum fan-out is violated for the clock tree in the netlist. 

The fixed clock tree input buffer is placed in a reserved position in the 110 pad ring and the subsequent 
branch buffers cannot be placed by the user. Placement is performed automatically and is therefore transparent 
to the user. As a result, the number of available cells in the gate array socket set is reduced when a fixed clock 
tree is chosen because the local clock drivers use 5 or 6 rows of core cells at the top and bottom of the gate array. 
These rows are automatically subtracted from the total available cells by the ERC when estimating gate array 
utilization. A Vitesse post-placement software routine has been developed that pre-routes the short Metal 2 stubs 
connecting the pre-placed flip-flops to the local clock lines. This routine also balances the loading across the 
array. Final timing simUlations including on-chip skew are run on LASAR before CDR. Skew is included by 
using a fixed value, per a table, and adding it to each connection in the clock tree. This skew is the maximum 
specified for the global clock tree. 

Custom Masterslices 
Custom masterslices require modifications to both the clock tree layout and the CAD software. First, local 

clock lines are removed in the locations of the embedded memory blocks. In some cases, more extensive modi­
fications are required. Next, SPICE simulations are run on the new tree to determine skew and edge rate. 
Finally, the socket set and pre-routing software must be modified with the new clock tree information. Because 
of these steps, a masterslice with a fixed clock tree has a higher NRE charge than a masterslice without one. 
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Application Note 18 Generation of +2V or +3.3 V 
Supplies from a +5V Supply 

Some Vitesse products require both +2 and +5 Volt power supplies. In the event that a +2 V supply is not 
available in the system, a simple method exists to generate the +2 V from a +5 V supply. This method involves 
the use of a low cost voltage regulator. Voltage regulator ICs are offered by several vendors including National 
Semiconductor Corp., linear Technology Inc., and Advanced Micro Devices. 

Figure 1: Generating +2V or +3.3V with the LT117 A 

LT117A 
VREF ~+~) IN OUT 

VOUT = 
T + I A(lJ R2 

ADJ VREF RI 

I 1 
IADJ -, 

R2 

==--
A voltage regulator IC, such as the LT117 A made by Linear Technology, is a 3 terminal device. The 

LT117 A develops a 1.25 V reference voltage between the OUT and theADJ terminal (see Figure 1). By placing 
a resistor, R l' between these two terminals, a constant current is caused to flow through R 1 and down through 
R2 to set the overall output voltage. Normally this current is the specified minimum load current (approximately 
5 rnA). An additional current, called lAD}' flows from theADJ terminal through R2• This is a very small and 
constant current with a magnitude of approximately 50 !lAo 

Figure 2: Generating +2V from a +5V Supply 
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It can be seen from the equation in Figure 1 that the accuracy of the output voltage is limited by the accu­
racy of V REF and the tolerance of the R 1 andR2 resistors. The LT117 A has a very tight initial tolerance of V REF 

which permits the use of relatively inexpensive 1 % film resistors for R 1 and R2 while setting an output voltage 
tolerance which is compatible with the ±5% need ofVitesse products. If voltage regulators with wider reference 
tolerance are used (such as industry standard LMl17), a trim pot may be needed to set the exact value of the 
output voltage. 

Figure 2 depicts the LT117A with the resistor values needed to generate the +2 V supply. The output current 
of the LT117 A is limited to 1.5 Amps. For systems which use several chips, and regular larger currents regula­
tion can be accomplished by devices such as the LTl038 (also from Linear Technology) which can handle an 
output current up to 10 Amps. The use of this larger regulator is identical to the LT117 A. 

Some Vitess~products, such as the VSC7105n106 chipset, require a single +3.3V supply. Such a supply 
can be created from a +5V supply with theLT117A with the circuit shown in Ft.gUre 3. 

Figure 3: Generating +3.3V from a +5V Supply 
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Protection Diodes 

Generation of +2V or +3.3V 
Supplies from a +5V Supply 

The LTl17 A does not require a protection diode from the adjustment terminal to the output as shown in 
Figure 2. Improved internal circuitry eliminates the need for this diode when the adjustment pin is bypassed 
with a capacitor to improve ripple rejection. 

If a very large output capacitor is used, such as a 1001JP shown in Figure 4, the regulator could be damaged 
or destroyed if the input is accidentally shorted to ground or crowbarred. This is due to the output capacitor dis­
charging into the output terminal of the regulator. To prevent damage a diode Dl is recommended to safely dis­
charge the capacitor. 

Rgure 4: Implementing Protection Diodes for a Larger COUT 
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Application Note 20 Plastic Packaging Moisture 
Sensitivity Levels 

Plastic packages are moisture sensitive. This may cause problems if not attended to properly. This applica­
tion note describes suggested handling procedures for Vitesse products shipped in plastic packaging. 

When the epoxy molding resin used in the plastic package molding process is left in the open, moisture in 
the air penetrates the package and diffuses internally throughout the package. When plastic packages are subse­
quently heated during the soldering process, this moisture vaporizes. 

To minimize the effects of moisture absorbed in the package, these moisture-sensitive parts must be dry 
prior to being subjected to the high temperatures of second level assembly. A dry pack and handling procedure 
has been established to help ensure low moisture levels in the components prior to second level assembly. The 
dry pack procedure consists of a 24-hour bake at 125°C. After baking, the units are virtually dry. Within one 
hour of completion of the bake cycle, the units are sealed in moisture-barrier bags with a dessicant bag and a 
humidity indicator. These moisture-barrier shipping bags provide a shelf storage life of 12 months from the date 
of sealing, when stored at a temperature of :S;30°C and 60% relative humidity. After this time, the parts must be 
baked again for 24 hours at 125°C to ensure no moisture related problems during second level assembly. 

Moisture absorption depends upon several factors including package size and thickness. This means that 
each package may have different moisture sensitivity. JEDEC has standardized moisture sensitivity levels with 
the proposed specification #A112. It specifies 6 levels of moisture sensitivity as well as the handling procedures 
to be followed at the customer site to protect the parts against moisture-related problems. These levels are sum­
marized in the table below. 

Table 1: Levels of Moisture Sensitivity 

•••••.••• H < H >... ill"a#1IfUrn, jriQQhWe··· ••• ..................... ••••••.••••••••••••• .li@i~"g~...........'" 

::;30°C 90% Unlimited 

2 ::;30°C 60% 1 year 

14x14x2.0mm 52L, 144L QFP 

3 ::;30°C 60% 168 hours 28 x 28 x 3.5mm 184L. 208L QFP 

14x20x2.7mm 100LQFP 

4 ::;30°C 60% 72 hours lOx 10 2.0 mm 52LQFP 

5 ::;30°C 60% 24 hours 

6 ::;30°C 60% 6 hours 

Note: 1) Deduct 1 hour from the maximumjtoorlife time to comprehend the time between bake and drypack prior 
to shipment to the customer. 
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Handling of Devices at Customer Site 
Moisture sensitive devices require specific care at the customer site where second level assembly is per­

formed. The dry pack bags should be inspected prior to use. If the moisture-barrier bags have been opened at 
any time prior to the expiration date, or if upon opening, the humidity card reads greater than 30% relative 
humidity, the following precautions must be taken: 

• If the humidity card reads greater than 30% relative humidity, the units must be 
rebaked for 24 hours at 125°C. 

• If the expiration date on the dry pack bag has elapsed, the units will require a rebake 
for 24 hours at 125°C prior to second level assembly. 

• The units must be rebaked for 24 hours at 125°C if the moisture-barrier bag has been 
opened for longer than specified in the previous table: Levels of Moisture Sensitivity. 

As an example, consider the 28 rom x 28 rom x 3.5 rom, 208L thermally enhanced PQFP. According to the 
previoous table, this package is a level 3 package. Vitesse bakes the 208L QFP at 125°C for 24 hours, seals it in 
a dry pack bag within 1 hour of the completion of the bake cycle, and ships it to the customer. Because this 
package is a level 3 package, it has a maximum floor life of 168 hours. The customer receives the part, opens the 
bag after confirming that the dry pack expiration date has not passed, and verifies that the humidity indicator 
reads :S:30% relative humidity. Since one hour is consumed between bake and dry pack, the customer must 
assemble the 208L QFP within 167 hours of opening the dry pack bag. During this period, the parts should be 
stored in a controlled environment as indicated in the table. 

Vitesse currently ships in high temperature trays that can withstand the 125°C bake temperature. If low 
temperature trays are used, a low-temperature bake must be used. This has not been specified by Vitesse 
although other sources have verified that baking at 40°C for 192 hours achieves a moisture level below the criti­
cal level necessary lime for second level assembly. 
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Introduction 

Interfacing Vitesse +3.3V 
TTL with +5V CMOS 

As the world transitions from purely 5V systems to 3V systems, there will be a number of systems incorpo­
rating both 3V and 5V logic. Driving 5V logic from 3V logic does not present a problem so long as the V1H and 
V LL limits are met. However, when driving 3V logic from 5V logic, an overdrive condition may occur. This 
application note discusses potential problems and suggests two interface techniques for driving a 3.3V Vitesse 
chip with a 5V CMOS chip. 

The primary concern when driving a Vitesse TTL input from a +5V CMOS output is exceeding the elec­
tromigration limit of the common ESD Bus inside the Vitesse chip. When the signal exceeds V Tll,+ 1 V (approx­
imately 4.3V), the ESD diodes become forward biased, (see Figure 1). A number of TTL inputs will share a 
common ESD bus and if all of the TTL input ESD diodes are forward biased at the same time the current on the 
common ESD bus can become excessive. Exceeding the electromigration limit on the common ESD bus can 
cause reliability problems over a period of time. Therefore, Vitesse recommends either limiting the current into 
the ESD diodes or limiting the V OH (max) seen at the TTL input pad. 

Figure 1: TTL Input ESC Structure 
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One solution to the problem is the addition of a current limiting resistor in series with each TIL input, as 
shown in Figure 2. This will limit the amount of current that each input will contribute to the common ESD bus. 
The minimum size of the resistor is dependent on the number of TTL inputs sharing the common ESD bus. 

Rgure 2: Series Resistor 

Common ESD Bus 

Resistor l L:. :J. L:J. L~ 

+3.3V 
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Chip Boundaries 

The equation for determining the minimum resistor size is as follows: 
RMlN ;50NIN, 

Where: 
RMIN = the minimum resistor size 
NIN = number of inputs from a common octant 
The maximum allowed N IN is 10. 

• • • 
~ 

Common 
ESDDiode 

ESDDiodes 

Vitesse 
TTL Inputs 

The Maximum NIN value will degrade VIL noise margin by 250 mY. NINis determined by input location 
and is therefore design dependent. An octant is a group of IIO's that share a common ESD bus. As the name 
implies, there are 8 octants per chip, as shown in Figure 3. 

Figure 3: Octants on a FX Vltesse Ole 
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Power dissipated across a single resistor can be calculated using the following equation: 

P = (V OH- (V:m.+1»2R, 

Where: 
V OH = the CMOS output high voltage 

The maximum frequency of an input signal will now depend on the RC time constant where R is Rmin and 
C is the total capacitance of the package, pad and input buffer. The fewer CMOS driven inputs on a shared com­
mon ESD bus, the lower the resistance and the higher the frequency of operation. The maximum frequency can 
be approximated as follows: 

Max Freq = 1/(27rRC) 

Note: This solution is not applicable to bidirectional TTL JlO's. 

Solution #2 Bus Switch 
A second recommended solution is to limit the V OH (max) as seen at the TTL input as shown in Figure 4. 

This approach uses a 3384 chip, available from either Pericom or Quality Semiconductor, which is placed in 
series with the +5V CMOS output and the +3.3V Vitesse TTL input. This chip has a 10-bit interface, so 10 TTL 
inputs can be serviced by a single 3384 part. The part is available in a 24 pin DIP, surface mount SOIC or 1/4 
size surface mount QSOP with a cost of $1 to $2 depending on quantity and package selection. 

Vi/esse 
3.3V 

Circuits 

FIgure 4: Bus SWItch 
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When this part is used to convert from 5V to 3V logic, it consumes almost no power. However; in addition 
to the 3384 part, this solution requires a diode and a resistor. The diode is required to drop the supply voltage 
from +5V to 4.2V. The resistor creates a constant voltage drop across the diode. This diode and resistor can be 
shared between a number of 3384 chips. As shown in the graph in Figure 5, the output signal is limited to 3.2V 
max which will not cause any problem to the 3.3V TTL circuit. For more information about this part, contact: 

Pericom Semiconductor Corporation 
2380 Bering Drive 
San Jose, CA 95131 
(408) 435-0800 
FAX: 435-1100 

Quality Semiconductor 
851 Martin Avenue 
Santa Clara, CA 95050 
(408) 450-8000 
FAX: 496-0773 

Agure 5: Input and Output Signals of 3384 at Vee = 4.2V 
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The current limiting resistor is simple and inexpensive, however this solution may limit the maximum fre­
quency of the interface. The bus switch is a more elegant solution dissipating little power and able to handle fre­
quencies over 100 MHz. However, the bus switch is more costly at $1 to $2 dollars per bus switch chip (which 
can service up to 10 inputs) and requires two extra components, a resistor and a diode. 

Table 1: Bus SWitch Power and Cost 

Power' -10mW -4mW 

Cost $0.05 - $0.10 $1.00 - $2.00 

Note: 1) For 10 TILInputs 
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for Fibre Channel 

The interest level in Fibre Channel has been running very high. This application note summarizes sources 
of information about Fibre Channel which can be readily accessed by the public. Fibre Channel is being devel­
oped by the ANSI X3T11 Technical Committee with Roger Cummings as the chairman. Formal distribution of 
Fibre Channel Specification is handled by Global Engineering. An industry trade association to promote Fibre 
Channel was formed called the Fibre Channel Association. Additionally, a substantial amount of information is 
available through internet. The listing below summarizes some of the more interesting locations for informa­
tion. 

ANSIX3Tll 

ANSI Documents 

Fibre Channel Association 

World Wide Web 

ANSI X3T11 Minutes 
ftp_site 

filename 

FC-AL Working Document 
ftp_site 

filename 

Roger Cummings, Chairman 

Storage Technology 
2270 South 88th Street 
Louisville, CO 80028-0268 

Ph: 303-673-6357 
Fx: 303-673-8196 
roger3ummings@stortek.com 

Global Engineering 

Ph: 800-854-7179 

Jeff Silva, Chairman 

Fibre Channel Association 

12407 MoPac Expressway North 100-357 

P.O. Box 9700 

Austin, TX 78758 

Ph: 5121301-2402 
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anonymous ftp 
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VITESSE 

Application Note 25 Measuring Eye Diagrams 
on the VSC7105 Transmitter 

This Application Note describes how Vitesse Semiconductor measures the Data Eye on the VSC7105 fuIl­
speed Fibre Channel Transmitter. It includes details of how to generate the data, input data "Jitter", the output 
Data Eye and the Data Eye at the end of a 60', 50 ohm Coaxial cable. 

A block diagram of the test setup is shown in Figure #1. In this measurement, an HP 70845A BERT Pattern 
Generator is used to generate an internaVexternal clock at 1.0625 GHz and a Data pattern of '0000011111' gen­
erates a 106.25 MHz output which is used as the REFCLK input to the VSC7105. The VSC71 05 is on a Device 
Under Test board (DUT) which allows 20 bits of data to be selected through DIP switches which were set to an 
arbitrary pattern. The Digital Storage Oscilloscope is triggered with the 1.0625 GHz clock from the BERT and 
the Data Eye is using in relation to this clock. 

The inputs to the VSC71 05 are very clean. The Data Bus is static and the REFCLK from the BERT has only 
5.2ps RMS 140 ps peak-to-peakjitter when measured against the 1.0625 GHz clock (See Figure #2). The result­
ant data eye from the VSC7105 is shown in Figure #3. This was measured with a short 2' 50 ohm coaxial cable 
(RG-142U) and has jitter of only 21.5 ps RMS /120 ps pk-pk. The rectangular box in these figures shows the 
sampling area for the histograms which are shown at the bottom of the scope trace. The data eye was also mea­
sured with a 60' coax cable between the VSC7105 DUTboard and the attenuatorinput to the scope. The ampli­
tude and jitter have increased due to the losses in the cable but a very acceptable signal is still available which 
shows 38.8 ps RMS 1244 ps pk-pkjitter. 

The Fibre Channel FC-PH document calis for the use of a fourth-order, low-pass Bessel-Thompson filter 
when measuring Data Eyes but Vitesse has chosen not to use this filter since it would lower the measured jitter. 
Measuring Data Eye patterns is one of several methods used to determine how signal integrity varies with cable 
distance and quality. Additional testing is required to better understand these dependencies in order to determine 
maximum cable distances for Fibre Channel solutions. 

Eye Diagram Test Setup 

1.0625 GHz Clock I------~;.:;.;.....;.;;...::--------_I~ Trigger 
HP7084SA 

Pattern 
Generator 

Clock = 1.0625GHz 
Data = 0000011111 

Data 106.25 MHz 

REFCLK TX+---~ 

ThktroDics 
11801A 

Digital SampUng 
OsciHoscope 

2O-bit 
Data ---~~ Data 

VSC7105 
'ftansmitter 

50 Ohm 
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Figure 1: Data Eye of BERT Data 
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Figure 2: VSC71 05 Data Eye, 2' Coax Cable 
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Figure 3: VSC7105 Data Eye, 60' Coax Cable 
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