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Figure 7. H601110 Gate 

Figure 8. H603 Output Gate 
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Figure 9. H601 Output Subcircuits 
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Figure 10, H603 Output Subcircuits 
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Figure 11. H604, H606 Output Gate 
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Figure 12. H605 Output Gate 
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SPICE Parameter List 

TTL Subcircuit Models 

.MODEL GRS001 D (IS=4.27E-14 RS=53 N=1.044 TI=10PS 
+ CJO=54FF VJ=.4 M=.33 
+ EG=.69 XTI=3 FC=.5 BV=30) 
.MODEL DSUBS001 D (IS=1E-16 RS=O N=1TIt=500PS 
+ CJO=87FF VJ=.51 M=.24 
+ EG=1.115 XTI=3 FC=.5 BV=35) 

.MODEL DSUB1 N05 D (CJO=203FF VJ=.51 M=.24) 

.MODEL DSUB2N05 D (CJO=388FF VJ=.51 M=.24) 

.MODEL PNN05A NPN (IS=1.662E-17 BF=70 NF=1.008 VAF=30 IKF=10A 
+ ISE=O NE=1 BR=5 NR=1 XCJC=.1 VAR=100 
+ IKR=. 7125MA ISC=1.803E-16 NC=1 RB=656.7 RBM=218 
+ RE=O RC=91.62 
+ CJE=86.47FF VJE=.9 MJE=.4 
+ CJC=58.32FF VJC=.53 MJC=.37 
+ TF=40P XTF=O VTF=100 ITF=3.89MA PTF=O 
+ TR=200P XTB=1.51 EG=1.115 XTI=5 FC=O.5) 
.MODEL PNN05B NPN (IS=1.583E-16 BF=70 NF=1.008 VAF=30 IKF=1 OA 
+ ISE=O NE=1 BR=5 NR=1 XCJC=.1 VAR=100 
+ 
+ 
+ 
+ 
+ 
+ 

IKR=6.78MA ISC=1.717E-15 NC=1 RB=77.29 RBM=31.25 
RE=O RC=9.61 
CJE=751.6FF VJE=.9 MJE=.4 
CJC=445.2FF VJC=.53 MJC=.37 
TF=40P XTF=O VTF=100 ITF=37.1MA PTF=O 
TR=200P XTB=1.51 EG=1.115 XTI=5 FC=O.5) 
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.MODEL WN05 D (IS=1.0578E-12 RS=37.6 N=1.044 TT=10PS 
+ CJO=141. 75FF VJ=.4 M=.33 
+ EG=.69 XTI=3 FC=.5 BV=30) 
.MODEL DSUBS114 D (IS=1E-16 RS=O N=1 TT=500PS 
+ CJO=2.75PF VJ=.51 M=.24 
+ EG=1.115 XTI=3 FC=.5 BV=35) 
.MODEL QPS114 D (IS=2.52E-12 RS=1.35 N=1.044 TT=10PS 
+ CJO=2.1PF VJ=.4 M=.33 
+ EG=.69 XTI=3 FC=.5 BV=30) 
.MODEL DSUB025X D (CJO=284FF VJ=.51 M=.24) 
.MODEL PN025X NPN (IS=4.32E-17 BF=113 NF=1.008 VAF=30 IKF=10A 
+ ISE=O NE=1 BR=5 NR=1 XCJC=.1 VAR=100 
+ IKR=10.85MA ISC=4.68E-16 NC=1 RB=175 RBM=65 
+ RE=O RC=35.2 
+ CJE=193FF VJE=.9 MJE=.4 
+ CJC=158FF VJC=.53 MJC=.37 
+ TF=40P XTF=O VTF=100 ITF=5.7MA PTF=O 
+ TR=200P XTB=1.51 EG=1.115 XTI=5 FC=0.5) 
.MODEL FP025X D (IS=1.08E-13 RS=48.3 N=1.044 TT=10PS 
+ CJO=90FF VJ=.4 M=.33 
+ EG=.69 XTI=3 FC=.5 BV=30) 
.MODEL DSUB025 D (CJO=284FF VJ=.51 M=.24) 
.MODEL PN025 NPN (IS=2.45E-17 BF=113 NF=1.008 VAF=30 IKF=10A 
+ ISE=O NE=1 BR=5 NR=1 XCJC=.1 VAR=100 
+ IKR=1MA ISC=2.66E-16 NC=1 RB=193 RBM=89 
+ RE=O RC=62 
+ CJE=123FF VJE=.9 MJE=.4 
+ CJC=108FF VJC=.53 MJC=.37 
+ TF=40P XTF=O VTF=1 00 ITF=5.7MA PTF=O 
+ TR=200P XTB=1.51 EG=1.115 XTI=5 FC=0.5) 
.MODEL FP025 D (IS=1.4E-13 RS=52 N=1.044 TT=10PS 
+ CJO=117FFVJ=.4 M=.33 
+ EG=.69 XTI=3 FC=.5 BV=30) 
.MODEL DSUB139 D (CJO=2.12PF VJ=.51 M=.24) 
.MODEL PN139 NPN (IS=1.03E-16 BF=113 NF=1.008 VAF=30 IKF=10A 
+ ISE=O NE=1 BR=5 NR=1 XCJC=.1 VAR=100 
+ 
+ 
+ 
+ 

IKR=4.4MA ISC=1.22E-16 NC=1 RB=117 RBM=47 
RE=O RC=8,41 
CJE=493FF VJE=.9 MJE=,4 
CJC=244FF VJC=.53 MJC=.37 

+ TF=40P XTF=O VTF=100 ITF=96.7MA PTF=O 
+ TR=200P XTB=1.51 EG=1.115 XTI=5 FC=0.5) 
.MODEL GR139 D (IS=7E-14 RS=10 N=1.044 TT=10PS 

CJO=88FF VJ=.4 M=.33 
+ EG=.69 XTI=3 FC=.5 BV=30) 
.MODEL GRS003 D (IS=4.27E-14 RS=53 N=1.044 TT=10PS 
+ CJO=54FF VJ=.4 M=.33 
+ EG=.69 XTI=3 FC=.5 BV=30) 
.MODEL DSUBS003 D (IS=1E-16 RS=O N=1 TT=500PS 
+ CJO=127FF VJ=.51 M=.24 
+ EG=1.115 XTI=3 FC=.5 BV=35) 
.MODEL DSUB009E D (CJO=106FF VJ=.51 M=.24) 
.MODEL PN009E NPN (IS=3.92E-16 BF=113 NF=1.008 VAF=30 IKF=10A 
+ ISE=O NE=1 BR=5 NR=1 XCJC=.1 VAR=100 
+ IKR=.3MA ISC=4.25E-15 NC=1 RB=185 RBM=39 
+ RE=O RC=3.9 
+ CJE=1.37PF VJE=.9 MJE=.4 
+ CJC=609FF VJC=.53 MJC=.37 
+ TF=40P XTF=O VTF=100 ITF=1.64MA PTF=O 
+ TR=200P XTB=1.51 EG=1.115 XTI=5 FC=O.5) 
.MODEL GR009E D (IS=5.4E-13 RS=9.57 N=1.044 TT=10PS 
+ CJO=683FF VJ=.4 M=.33 
+ EG=.69 XTI=3 FC=.5 BV=30) 
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.MODEl DSUB108 D (CJ0=163FF VJ=.S1 M=.24) 

.MODElPN108 NPN (IS=1.7SE-17 BF=113 NF=1.008 VAF=30 IKF=10A 
+ ISE=O NE=1 BR=S NR=1 XCJC=.1 VAR=100 
+ IKR=.7SMA ISC=1.9E-16 NC=1 RB=638.8 RBM=222 
+ RE=O RC=87 
+ CJE=90.6FF VJE=.9 MJE=.4 
+ CJC=SO.3FF VJC=.53 MJC=.37 
+ TF=40P XTF=O VTF=1 00 ITF=4.1 MA PTF=O 
+ TR=200p XTB=1.51 EG=1.115 XTI=5 FC=0.5) 
.MODEl W108 D (IS=5.1E-13 RS=58.8 N=1.044 TI=10PS 
+ CJO=68.3FF VJ=.4 M=.33 
+ EG=.69 XTI=3 FC=.5 BV=30) 

Eel Transistor Models 

.MODEl TOSI1 NPN 
+ IS=21.18E-18 BF=112 BR=5.108 RE=1.S33 IKF=.0213 VAF=41.8 
+ ISE=250E-18 RB=52.7 RBM=O IRB=O IKR=53E-S VAR=3.766 
+ ISC=9S.62E-18EG=1.11 RC=26.33 NC=1.141 NR=.997 
+ CJE=67.7E-15 VJE=1.037 MJE=.5718 NF=1.000 XTI=4.7 
+ CJC=99.SE-15 VJC=.603 MJC=.266 NE=2.000 XTB=1.15 
+ CJS=152E-15 VJS=.50S2 MJS=.346S TR=9.92E-9 PTF=20 
+ TF=35E-12 XTF=2.25 VTF=1.67 ITF=.00808 XCJC=.069 FC=.8 
.MODEl TPNP2 PNP 
+ IS=7.69E-17 BF=5 BR=1 RB=164 RC=56 CJE=.086E-12 
+ CJC=1.4E-12 
.MODEl T0811 NPN 
+ IS=33.33E-18 BF=114.5 BR=2.029 RE=1.333 IKF=.0336 VAF=42.7 
+ ISE=1.0E-15 RB=56.6 RBM=O IRB=O IKR=.115 VAR=3.665 
+ ISC=184.7E-18 EG=1.11 RC=22.86 NC=1.085 NR=.995 
+ CJE=99.3E-15 VJE=1.037 MJE=.5718 NF=1.000 XTI=4.7 
+ CJC=124.4E-15VJC=.603 MJC=.266 NE=2.000 XTB=1.15 
+ CJS=170.4E-15 VJS=.5052 MJS=.3465 TR=9.92E-9 PTF=40 
+ TF=3SE-12 XTF=2.25 VTF=1.67 ITF=.00808 XCJC=.089 FC=.8 
.MODEl T12B1 NPN 
+ IS=5.7E-17 BF=113 BR=1.116 RE=1.25 IKF=.0828 VAF=4 
+ ISE=2.4E-15 RB=170 RBM=170 IRB=1.7E-3 IKR=.27 VAR=3.6 
+ ISC=1.01E-16 EG=1.11 RC=13.3 NC=1.028 NR=1.019 XTI=3 
+ CJE=15E-15 VJE=.658 MJE=.273 NF=1.000 
+ CJC=27e-15 VJC=.603 MJC=.369 NE=2.000 
+ CJS=101E-15 VJS=.429 MJS=.259 TR=5E-9 
+ TF=39E-12 XTFf=3 VTF=1.4 ITF=.008 XCJC=.620 FC=.005 
.MODEl T5406 NPN 
+ IS=3.3E-16 BF=113 RB=86.6 BR=5 
+ RC=23.6 RE=.833 CJE=.495E-12 CJC=.722E-12 CJS=.576E-12 

Resistor Diode Model 

.MODEl RES-DIODE D (IS=1E-16 TI=1NS VJ=.759V M=.333 CJO=50FF) 
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This application note explains the consequences of 
driving an ECUnPS device with an input voltage HIGH 
level (VIH) which does not me9t the maximum voltage 
specified in the ECUnPS Databook. 
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ECLinPS Circuit Performance at Non-Standard VIH Levels 

Introduction 

When interfacing ECLinPS devices to various other 
technologies times arise where the the input voltages do not 
meet the specification limits outlined in the ECLinPS data 
book. The purpose of this document is to explain the 
consequences of driving an ECLinPS device with an input 
voltage HIGH level (VIH) which does not meet the maximum 
voltage specijied in the ECLinPS Oatabook. 

The results outlined in this document should not be viewed 
as guarantees by Motorola but rather as representative 
information from which the reader can base design decisions. 
It is up to the reader to assess the risks of implementing the 
non-standard interface and deciding ij that level of risk is 
acceptable for the system design. Motorola's guarantee on 
VIH will continue to be the specification standards established 
for the 10HTM and 100K ECl technologies. 

Overview 

The upper end of the VIH spec of an ECLinPS, or any other 
ECl, input is limited by saturation affects of the input 
1ransistor. Figure 1 below illustrates a typical ECl input 
(excluding pulldown resistors and ESO structures); the 
structure is a basic differential amplijier configuration. With a 
logic HIGH level asserted at the input the collector of that 
transistor will be pulled down below 1he VCC rail by the gate 
current passing through the collector load resistor. The 
voltage at the collector of the input transistor (VC) will be 
dependent on the gate current and the size of the collector 
load resistor associated with the input gate. 

Vee 

Figure 1. Typical ECLlnPS Input Structure 

As the input VIH increases towards VCC the collector base 
junction olthe input transistor becomes forward biased; as this 
forward bias condition increases the transistor will move into 
the saturation region. The value of VCB at which the transistor 
begins to saturate is process dependent and will vary from 
logic family to logic family. Fortunately the MOSAIC III process 
used to implement the ECLinPS family incorporates a deep n+ 
collector doping. This deep collector helps to mitigate the 
effects of saturation of transistors by requiring a larger 
collector-base forward bias to enter the saturation region. 
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VIHmax and the ECLlnPS Family 

As previously mentioned the MOSAIC III'" process allows 
for ECLinPS devices to operate at VIHmax levels somewhat 
higher than those specijied in the databook, however the 
exact value of VIH for which saturation problems will occur 
varies from device to device and even among different inputs 
for a given device. This variation is a result olthe different input 
configurations used on the various inputs of ECLinPS 
devices. 

The easiest way to define an acceptable VIHmax for each 
device in the family is to define at what point the input transistor 
will saturate and specify for each input what the worst case 
input transistor collector voltage will be. With this information 
designers will be able to determine on a part by part, input by 
input basis what input voltage levels will be acceptable fortheir 
application. 

Simulation Results 

The input saturation phenomenon was characterized 
through SPICE simulations and the results will be reported in 
the following text. For simplicity of simulation a buffer similar to 
the E122 was used; Since the outputs of this buffer drive off 
chip, the VIHmax performance of this structure will be worse 
than the typical input structure. Both a 100K and a 10H style 
buffer were analyzed to note any discrepancies between the 
two standards. As expected the simulation results showed no 
difference in the saturation susceptibility of a 100K versus a 
1 OH style buffer. Therefore the simulation results of only the 
1 OOK style buffer will be presented to minimize redundancy of 
information. 

The following text will referto Figures 4-8 in the appendix of 
this document. Figures 4-8 are graphical plots of the input and 
output waveforms of an E122 style buffer (structure similar to 
that of Figure 1) for various VIH levels. V(in) represents the 
input voltage while V(q) and V(qb) represent the output 
voltages. The V(vbb) line was included for measurement 
purposes only and will be ignored. 

Figure 4 represents the "standard" operation of the device 
as a standard VIH input was used. Note that in this condition 
the propagation delays measure in the 215-225ps range and 
the IINH was 42.51JA. The IINH of this device is simply a 
measure of the base current of the input transistor when that 
transistor is conducting current. We will be monitoring both of 
these conditions as well as any degradation in the output 
waveforms as a sign of the input transistor becoming 
saturated. As can be seen in Figures 5 and 6 none of the 
parameters change for VIH levels of up to -O.4V. With a 
collector voltage, VC, of .... t.OV these VIH'S correspond to a 
collector base forward bias of 600mV. As the VIH of the input 
moves closer to V CC, Figures 7 and 8, three phenomena start 
to occur: the IINH increases, the delays increase and 
signijicant changes occur to the output low level of the OB pin. 

In Figure 7 the IINH of the input transistor has more than 
doubled from the "standard" level. This increase in base 
current leads to an increase in the VOL level as the collector 



current must reduce to maintain the constant emitter current. 
As the collector current reduces, the IR drop across the 
collector load resistor reduces, thus raising the VOL level on 
the OB output. A~hough the VOL level has shifted the overall 
propagation delay has remained essentially unchanged. 

Finally, when the input is switched all the way up to Vec the 
VOL level no longer remains in spec as the input base current 
has jumped to almost 1 ma and there has been sign~icant 
degradation in the high-low propagation delay. ~ is apparent 
that lor this condition an E122 style buller will not perform 
adequately lor most systems. 

From this inlormation it can be concluded that lor a 
collector-base lorward bias 01 S600mV there will be no 
adverse conditions on the performance 01 the device. The 
performance starts to degrade with lurtherlorward bias until at 
a lorward bias vo~age 01 =1.0V the device williail both its De 
and AC specilications. 

ECLlnPS Input Structure. 

There are lour basic input structures which will allect the 
VIHmax performance 01 ECLinPS devices. Thelourstructures 
are as lollows: an internal buller, an external buller, an emitter 
lollower input buller and a series gated emitter lollower input. 

The internal bullers are input structures whose outputs 
drive other gates internal to the device, the vo~age swings 01 
the input transistor collectors (Vel on these devices will be 
=800mV. An external buller is one in which the outputs are led 
external to the chip. Because 01 the relatively large base drive 
01 the output emitter lollower lor these structures the Vc 
voltage will typically be a couple hundred milivo~s lower than 
lor the internal buller. Note that because 01 the larger output 
swings 01 alOE device, alOE style external buller will require 
a VIHmax input level more near the spec~ied value. Both 01 
these structures are similar to that pictured in Figure 1. 

The third and lourth structures are somewhat dillerent in 
design than the lirst two. Figure 2 illustrates an emitter 
lollower input structure. For the basicemitterlollower inputthe 
input voltages are dropped by an additional VBE (=800mVl 

Vss' 

belorethey are led into the differential ampl~ier input gate. The 
switching relerence is also shifted down by one diode drop to 
remain centered in the input swing. Obviously this input 
structure will represent the "best case" in the area 01 extended 
VIHmax performance. In lact this type 01 input structure will 
allow lor input vo~ages even several hundred millivo~s above 
the VCC rail. This characteristic makes these type devices 
ideal lor interfacing with dillerential oscillators whose outputs 
lack any DC ollset. In the emitterlollower structure the limiting 
lactor will be the saturation 01 the emitter lollower device 
whose collector is at VCC. From the previous simulation 
results this would suggest a maximum VIH 01 +O.6V. 

Vss 

Figure 2. Emitter Follower Input Structure 

The series gate emitter lollower input will represent the 
absolute worst case situation for a IOOE device. Figure 3 
represents a series gate emitter lollower input for a I OE and a 
100E device. From this figure it is apparent that the lower 
switching level (B input levell is going to be much more 
susceptible to VIHmax lor the IOOE device than the 10E 
device. The two diode drops used for the 10E device is not 
possible lor a I OOE device due to the smaller VEE voltage 01 a 
IOOE device. 

To summarize the external gate will represent the worst 
case VIHmax situation for a IOE device while the series gate 
emitter follower case will represent worst case for a looE 
device. In either situation the standard emitter follower will 
allow the most leeway for non-standard VIHmax performance. 

InpuIA Vss 

Input S 

Vss" 

Figure 3_ Emitter Follower Serle. Gate Input Structure 
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Other Considerations 

When driving ECLinPS devices with other than standard 
input levels there is another phenomena that should be 
considered; namely effects of non-centered switching 
references on the AC performance of a device. For 
non-standard input voltages the midpoint of the voltage swing 
may not correspond to the internal Vee switching reference. If 
this is the case the resulting AC variation should be included in 
the evaluation of a design. 

An input voltage swing not centered about the switching 
reference will exhibit a delay skew between the two input edge 
transitions. The size of this skew will be dependent on both the 
voltage offset of the reference voltage and the midpoint of the 
input swing and the slew rate of the input as it passes through 
the threshold region. As an example for the case in which the 
VIH - -O.5V and the VIL remains at -1. 7V the midpoint of the 
swing will be at-1.1Vversus a-1.32V Vee reference. With a 
typical slew rate of 1 ps/mV for ECLinPS type edge rates the 
rising input edge delay will be 220ps longer than normal and 
the falling edge delay will be 220ps faster. This results in a 
440ps skew between the two input transitions that would not 
be seen for an ideal switching reference. 

The only means of correcting this skew is to lower the VIL 
level to recenter the swing or provide a different switching 
reference for the device. The latter can be accomplished by 
buffering the signal with a differential input device with one 
input tied to an externally generated switching reference. 
Raising the VIL level is not recommended due to the obvious 
loss of low end noise margin accompanied by any such shift. 
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Conclusions 

Simulations show that forward bias levels of :s600mVon the 
input transistor will keep the input transistor in the active 
region and the performance of the device will not be 
compromised. This forward bias voltage can be increased 
with varying degrees of performance degradation to levels 
somewhat higher than 600mV. Initial effects will be an 
increase in the IINH current and a decrease in the output VOL 
level on the oe output of the input gate. As the forward bias 
increases further the propagation delays through the device 
will be adversely affected. 

The following example will outline the use of the table in the 
appendix to analyze the potential performance of a design 
using non-standard VIH levels. If a design called for the 
10El12 and the 10E416to be driven by a-O.2V input signal a 
designer would want to know ~ these two devices would 
perform to specifications under these conditions. From the 
table the worst case collector voltage Vc would be -1.05V and 
O.OV respectively. Subtracting these values from -O.2V yields 
forward bias voltages of 850mV and -200mV respectively. 
From this information the designer would conclude that the 
10E416 will function with no problems however the 10El12 
could suffer performance degradation under these same 
conditions. 

The device information contained in the appendix of this 
document will provide designers with all of the information 
necessary to evaluate the input transistor forward bias 
conditions for all of the ECLinPS devices for different input 
voltages. With these numbers and the information provided in 
this document designers will be able to make informed 
decisions about their designs to meet the performance 
desired at an acceptable level of risk. 



Appendix 

Vc (10E Typical) Vc (10E Wor.t c ••• ) Vc (l00E Typical) Vc (lODE Wor.t c ... ) 
Device Input Input Structur. (V) (V) (V) (V) 

E016 All INT -{l.BO -<l.90 -{l.BO -<l.90 
El0l All EF -{l.15 -<l.25 -{l.10 -{l.20 
El04/107 Dna EXT -{l.95 -1.05 -{l.90 -1.00 

Onb SG -{l.SO -<l.60 -1.20 -1.30 
El11 All INT -{l.BO -<l.90 -{l.BO -{l.90 

E112 On EXT -{l.95 -1.05 -{l.90 -1.00 
ENI INT -{l.BO -<l.90 -{l.BO -{l.90 

E116 All EXT -<l.95 -1.05 -{l.90 -1.00 
E122 All EXT -<l.95 -1.05 -{l.90 -1.00 
E131 D INT -{l.90 -1.00 -{l.90 -1.00 

Other SG -<l.SO -<l60 -1.20 -1.30 
E141 All INT -<l.BO -<l.90 -{l.BO -<l.90 
E142 All INT -<l.BO -<l.90 -{l.BO -{l.90 
EI43 All INT -{l.BO -<l.90 -{lBO -{l.90 

E1SO On EXT -{l.95 . -1.05 -<l.90 -1.00 
Other INT -<l.BO -<l90 -<l.BO -<l.90 

E151 All INT -<l.BO -<l.90 -{l.BO -<l.90 
EI54 All INT -{l.BO -<l.90 -{lBO -<l.90 
EI55 All INT -<l.BO -<l.90 -{l.BO -{l.90 
EI56 All INT -{l.BO -<l.90 -{l.BO -<l.90 
E157 On EXT -<l.95 -1.05 -{l.90 -1.00 

SEl INT -<l.BO -<l.90 -{l.BO -{l.90 
EI58 On EXT -<l.95 -1.05 -{l.90 -1.00 

SEl INT -<l.BO -<l.90 -<l.BO -<l90 
EI60 R,elK SG -<l.SO -<l.60 -1.20 -1.30 

Other INT -<l.BO -<l.90 -{l.BO -{l.90 

EI63 All INT -{l.BO -<l.90 -<l.BO -<l.90 
EI64 All INT -<l.BO -<l.90 -{l.80 -{l.90 

EI66 All INT -<l.BO -<l.90 -{l.BO -{l.90 

E167 All INT -<l.BO -<l.90 -<l.BO -{l.90 
E171 All INT -<l.BO -<l.90 -{l.BO -<l.90 
E175 All INT -<l.BO -<l.90 -<l.BO -{l.90 

EI95 All INT -<l.BO -<l.90 -{l.BO -<l90 
EI96 All INT -<l.BO -<l.90 -{l.80 -{l.90 

E212 All INT -{l.BO -<l.90 -{l.BO -{l90 
E241 All INT -{l.BO -<l.90 -{l.BO -<l.90 
E256 All INT -{l.BO -<l.90 -{l.BO -<l.90 
E336 All INT -<l.BO -<l.90 -<l.BO -{l.90 
E337 All INT -<l.BO -<l.90 -<l.BO -<l90 
E404 All EF 0.00 0.00 0.00 0.00 
E416 All EF 0.00 0.00 0.00 0.00 
E431 All INT -<l.BO -<l.90 -{l.BO -{l.90 
E451 All INT -<l.BO -<l90 -{l.BO -{l.90 

E452 All INT -<l.BO -<l.90 -{l.BO -{l.90 
E457 On EF 0.00 0.00 0.00 0.00 

SEl INT -{l.SO -<l.90 -<l.BO -{l.90 

INT = Internal Gate; EXT = External Gate; EF = Emitter Follower Input; SG = Senes Gated Input 
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ECl Clock Distribution Techniques 

INTRODUCTION 

The ever increasing performance requirements oltoday's 
systems has placed an even greater emphasis on the design 
01 low skew clock generation and distribution networks. Clock 
skew, the difference in time between ·simultaneous· clock 
transitions within a system, is a major component 01 the 
constraints which lorm the upper bound lor the system clock 
Irequency. Reductions in system clock skew allow designers 
to increase the performance 01 their designs without having to 
resort to more complicated architectures or more costly, laster 
logic. ECliogic technologies offer a number 01 advantages lor 
reducing system clock skew over the aiternative CMOS and 
TIL technologies. 

SKEW DEFINmONS 

The skew introduced by logic devices can be divided into 
three parts: duty cycle skew, output-to-output skew and 
part-to-part skew. Depending on the specilic application, each 
01 the three components can be 01 equal or overriding 
importance. 

Duty Cycle Skew 

The duty cycle skew is a measure 01 the difference between 
the TPLH and TPHl propagation delays (Rgure 1). Because 
differences in TPlH and TPHL will resuit in pulse width 
distortion the duty cycle skew is sometimes relerred to as 
pulse skew. Duty cycle skew is important in applications 
where timing operations occur on both edges or when the duty 
cycle 01 the clock signal is critical. The later is a common 
requirement when driving the clock inputs 01 advanced 
microprocessors. 

PWlo 

Figure 1. Duty Cycle Skew 

Output·\o-Output Skew 

Output-to-output skew is defined as the difference between 
the propagation delays 01 all the outputs 01 a device. A key 
constraint on this measurement is the requirement that the 
output transitions are identical, therelore il the skew between 
all edges produced by a device is important the 
output-to-output skew would need to be added to the duty 
cycle skew to get the total system skew. Typically the 
output-to-output skew will be smaller than the duty cycle skew 
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lor TIL and CMOS devices. Because 01 the near zero duty 
cycle skew 01 a differential ECl device the output-to-output 
skew will generally be larger. The output-to-output skew is 
important in systems where either a single device can provide 
all 01 the necessary clocks or lor the lirst level device 01 a 
nested clock distribution tree. In these two situations the only 
parameter 01 importance will be the relative position 01 each 
output with respect to the other outputs on that die. Since 
these outputs will all seethe same environmental and process 
conditions the skew will be signfficantly less than the 
propagation delay windows specilied in the standard device 
data sheet. 

IN--""/ 
OUTa -----;::~-----

OUTb----

OUTc ----+-+ ........ , 
OUTPUT·TO-OUTl'llT SKEW 

Figure 2. Output-to-Output Skew 

Part-to-Part Skew 

The part-to-part skew specilication is by lar the most difficuit 
performance aspect 01 a device to minimize. Because the 
part-to-part skew is dependent on both process variations and 
variations in the environment the resultant specffication is 
significantly larger than lor the other two components 01 skew. 
Many times a vendor will provide subsets 01 part-to-part skew 
specffications based on non-varying environmental 
conditions. Care should be taken in reading data sheets to 
lully understand the conditions under which the specified 
limits are guaranteed. lithe part-to-part skew is specified and 
is different than the specified propagation delay window lor the 
device one can be assured there are constraints on the 
part-to-part skew specification. 

Power supply and temperature variations are major 
contributors to variations in propagation delays 01 silioon 
devices. Constraints on these two parameters are commonly 
seen in part-to-part skew specilications. Although there are 
situations where the power supply variations could be ignored, 
it is difficult lor this author to perceive 01 a realistic system 
whose devices are all under identical thermal conditions. Hot 
spots on boards or cabinets, interruption in air llow and 
variations in IC density 01 a board all lead to thermal gradients 
within a system. These thermal gradients will guarantee that 
devices in various parts 01 the system are under different 
junction temperature conditions. Aithough it is unlikely that a 
designer will need the entire commercial temperature range, a 
portion 01 this range will need to be considered. Therelore, a 



part-to-part skew specified for a single temperature is of little 
use, especially n the temperature coefficient of the 
propagation delay is relatively large. 

For designs whose clock distribution networks lie on a 
single board which utilizes power and ground planes an 
assumption of non-varying power supplies would be a valid 
assumption and a specification lim~ for a single power supply 
would be valuable. H, however, various pieces of the total 
distribution tree will be on different boards w~hin a system 
there is a very real possibil~that each device will see different 
power supply levels. In this case a sp$Cification lim~ for a fixed 
VCC will be inadequateforthedesign of the system. Ideally the 
data sheets for clock distribution devices should include 
information which will allow designers to tailor the skew 
specnications of the device to their application environment. 

SYSTEM ADVANTAGES OF Eel 

Skew Reductions 

ECl devices provide superior performance in all three 
areas of skew over their TTL or CMOS competitors. A skew 
reducing mechanism common to all skew parameters is the 
faster propagation delays of ECl devices. Since, to some 
extent, all skew represent a percentage of the typical delays 
faster delays will usually mean smaller skews. ECl devices, 
especially clock distribution devices, can be operated in e~her 
single-ended or differential modes. To minimize the skew of 
these devices the differential mode of operation should be 
used, however even in the single-ended mode the skew 
performance will be signnicantly better than for CMOS or 
TTL drivers. 

ooT ___ ,,,; 

-----DELAYIo 

---- DELAYnom 

Figure 3. Vaa Induced Duty Cycle Skew 

ECl output buffers inherently show very little difference 
between TplH and TpHl delays. What differences one does 
see are due mainly to switching reference levels which are not 
ideally centered in the input swing (see Figure 3). For worst 
case sw~ching reference levels the pulse skew of an ECl 
device will still be less than 300ps. H the ECl device is used 
differentially the variation in the sw~ching reference will not 
impact the duty cycle skew as it is not used. In this case the 
pulse skew will be less than SOps and can generally be ignored 
in all but the highest performance deSigns. The problem of 
generating clocks which are capable of meeting the duty cycle 
requirements of the most advanced microprocessors, would 
be a trivial task n differential ECl compatible clock inputs were 
used. TTL and CMOS clock drivers on the other hand have 
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inherent differences between the TpLH and TPHl delays in 
add~ion to the problems w~h non-centered sw~hing 
thresholds. In devices specnically designed to minimize this 
parameter ~ generally cannot be guaranteed to anything less 
than Ins. 

The major contributors to output-to-output skew is IC layout 
and package choice. Differences in internal paths and paths 
through the package generally can be minimized regardless of 
the silicon technology utilized at the die level, therefore ECl 
devices offer less of an advantage in this area than for other 
skew parameters. CMOS and TTL output performance is tied 
closely to the power supply levels and the stabil~ of the power 
busses w~hin the chip. Clock distribution trees by definition 
always sw~ch simu~aneously, thus creating signHicant 
disturbances on the internal power busses. To alleviate this 
problem mu~iple power and ground pins are utilized on TTL 
and CMOS clock distribution devices. However even w~h this 
strategy TTL and CMOS clock distribution devices are lim~ed 
to SOOps - 700ps output-to-output skew guarantees. With 
differential ECloutputs very little H any noise is generated and 
coupled onto the internal power supplies. This coupled with 
the faster propagation delays of the output buffers produces 
output-to-output skews on ECl clock chips as low as SOps. 

Two aspects of ECl clock devices will lead to signnicantly 
smaller part-to-part skews than their CMOS and TTL 
compet~ors: faster propagation delays and delay insens~ivity 
to environmental variations. Variations in propagation delays 
with process are typically going to be based on a percentage 
of the typical delay of the device. Assuming this percentage is 
going to be approximately equivalent between ECl, TTL and 
CMOS processes, the faster the device the smaller the delay 
variations. Because state-of-the-art ECl devices are at least S 
times faster than TTL and CMOS devices, the expected delay 
variation would be one fifth thosa of CMOS and TTL devices 
without even considering environmental dependencies. 

The propagation delays 01 an ECl device are insens~ive to 
variations in power supply while CMOS and TTL device 
propagation delays vary signnicantly with changes in this 
parameter. Across temperature the percentage variation for 
all technologies is comparable, however, again the faster 
propagation delays 01 ECl will reduce the magn~ude of the 
variation. Figure 4 on the following page represents 
normalized propagation delay versus temperature and power 
supply for the three technologies. 

low Impedance line Driving 

The clock requirements 01 today's systems necessitate an 
almost exclusive use 01 controlled impedance interconnect. In 
the past this requirement was unique to the performance 
levels associated with ECl technologies, and in fact 
precluded ~s use in all but the highest performance systems. 
However the high performance CMOS and TTL clock 
distribution chips now require care in the design and layout 01 
PC boards to optimize their performance, w~h this criteria 
established the migration from these technologies to ECl is 
simplnied. In fact, the difficu~ies involved in designing with 
these ·slower" technologies in a controlled impedance 
environment may even enhance the potential of using ECl 
devices as they are ideally su~ed to the task. 
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The low impedance outputs and high impedance inputs of 
an ECl device are ideal for driving son to 130n controlled 
impedance transmission lines. The specWied driving 
impedance of ECl is son, however this value is used only for 
convenience sake due to the son impedance of most 
commonly used measurement equipment. Utilizing higher 
impedance lines will reduce the power dissipated by the 
termination resistors and thus should be considered in power 
sensitive designs. The major drawback of higher impedance 
lines (delays more dependent on capacitive loading) may not 
be an issue in the point to point interconnect scheme generally 
used in low skew clock distribution designs. 

Dlfferentlallntarconnec:t 

The device skew minimization aspects of dWferential ECl 
have already been discussed however there are other system 
level advantages that should be mentioned. Whenever clock 
lines are distributed over long distances the losses in the line 
and the variations in power supply upset the ideal relationship 
between input voltages and switching thresholds. Because 
differential interconnect "carries· the switching threshold 
information from the source to the load the relationship 
between the two is less likely to be changed. In addition for 
long lines the smaller swings of an ECl device produce much 
lower levels of cross-talk between adjacent lines and 
minimizes EMI radiation from the PC board. 

There is a cost associated with fully dWferential ECl, more 
pins for equivalent functions and more interconnect to be laid 
on a typically already crowded PC board. The first issue is 
really a non-issue for clock distribution devices. The 
output-ta-output and duty cycle skew are very much 
dependent on quiet internal power supplies. Therefore the 
pins sacrWiced for the complimentary outputs would otherwise 
have to be used as power supply pins, thus functionality is 
actually gained for an equivalent pin count as the inversion 
function is also available on a dWferential device. The 
presence of the inverted signal could be invaluable for a 
design which clocks both off the positive and negative edges. 
Figure 5 shows a method of obtaining very low skew (<SOps) 
1800 shWted two phase clocks. 
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It is true that dWferential interconnect requires more signals 
to be routed on the PC board. Fortunately with the wide data 
and address buses of today's designs the clock lines 
represent a small fraction of the total interconnect. The final 
choice as to whether or not to use differential interconnect lies 
in the level of skew performance necessary for the design. It 
should be noted that although single-ended ECl provides less 
attractive skew performance than differential ECl, it does 
provide signWicantly better performance than equivalent 
CMOS and TTL functions. 

CLKa 

CLKb 

o Q 

o Q 

ClKb 

Figure 5.1800 Shifted Two Pha .. Clocka 

USING ECl WITH POSlTlVE SUPPUES 

It is hard to argue with the clock distribution advantages of 
ECl presented thus far, but it may be argued that except for all 
ECl designs it is too costly to include ECl devices in the 
distribution tree. This claim is based on the assumption that at 
leasttwo extra power supplies are required; the negative VEE 
supply and the negative Vrr termination voltage. Fortunately 
both these assumptions are false. PECl (Positive ECl) is an 
acronym which describes using ECl devices with a positive 
rather than negative power supply. II is important to 
understand that all ECl devices are also PECl devices. By 



using ECL devices as PECL devices on a +5 volt supply and 
inoorporating termination techniques which do not require a 
separate termination voltage (series termination, thevenin 
equivalent) ECL can be incorporated in a CMOS or TIL 
design whh no added cost. 

The reason for the choice of negative power supplies as 
standard for ECL is due to the fact that all of the output levels 
and internal swhching bias levels are referenced to the VCC 
rail. It is generaUy easier to keep the grounds quieter and equal 
potential throughout a system than it is whh a power supply. 
Becausethe DCparametersarereferencedtothe Vccrail any 
disturbances or voltage drops seen on VCC willtranslate1:1to 
the output and internal reference levels. For this reason when 
communicating whh PECL between two bollrds it is 
recommended that only differential interconnect be used. By 
using dillerential interconnect V CC variations whhin the 
specified range will not in any way affect the performance of 
the device. 

Finally mentioning ECL to a CMOS designer invariably 
conjures up visions of space heaters as their perception of 
ECL is high power. A~hough h is true that the static power of 
ECL is higher than for CMOS the dynamic power dillerencel' 
between the technologies narrows as the frequency 
increases. As can be seen in Figure 6 at frequencies as low as 
20MHz the per gate power of ECL is actually less than for 
CMOS. Since clock distribution devices are never static it 
does not make sense to compare the power dissipation of the 
two technologies in a static environment. 

20.-------------~ 

15 

FREQUENCY (MHz) 

Figure 6. ICC/Gate vs Frequency Comparison 

MIXED SIGNAL CLOCK DISTRIBUTION 

ECl Clock Distribution Networks 

Clock distribution in a ECL system is a relatively trivial 
matter. Figure 7 illustrates a two level clock distribution tree 
which produces nine dillerential ECL clocks on six different 
cards. The EClinPS E211 device gives the flexibility of 
disabling each of the cards individually. In addition the 
synchronous registered enables will disable the device only 
when the clock is already in the LOW state, thus avoiding the 
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problem of generating runt pulses when an asynchronous 
disable is used. The device also provides a muxed clock input 
for incorporating a high speed system clock and a lower speed 
test or scan clock within the same distribution tree. The 
EClinPS E111 device is used to receive the signals from the 
backplane and distribute it on the card. The worst case skew 
between all 54 clocks in this shuation would be 275ps 
assuming that all the loads and signal traces are equalized. 

Figure 7. EeL Clock Distribution Tree 

Mixed Technology Distribution Networks 

Building clock networks in TIL and CMOS systems can be 
a little more complicated as there are more a~ernatives 
available. For simple one level distribution trees fanout 
devices like the MECL 10H645 1:9 TTL to TTL fanout tree can 
be used. However as the number of levels offanout increases 
the addition of EeL devices in an other wise TTL or CMOS 
system becomes attractive. In Figure 8 on the next page an 
E111 device is combined with a MECL H641 device to produce 
81 TTL level clocks. Analyzing the skew between the 81 
clocks yields a worst case skew, allowing for the full 
temperature and VCC range variation, of 1.25ns. Under ideal 
situations, no variation in temperature or VCC supply, the skew 
would be only 750ps. When compared with distribution trees 
utilizing only TTL or CMOS technologies these numbers 
represent ..s0% improvement, more if the environmental 
conditions vary to any degree. For a 50MHz clock the total 
skew between the 81 TTL clocks is less than 6.5% olthe clock 
period, thus providing the designer extra margin for layout 
induced skew to meet the overall skew budget of the design. 

Many designers have already realized the benefits of ECL 
clock distribution trees and thus are implementing them in 
their designs. Funhermore where they have the capability, I.e. 
ASICs, they are building their VLSI circuits with Eel 
compatible clock inputs. Unfonunately other standard VLSI 
circuits such as microprocessors, microprocessor suppon 
chips and memory still cling to TIL or CMOS clock inputs. As a 
resun many systems need both EeL and TTL clocks within the 
same system. Unlike the situation outlined in Figure 8 the ECL 
levels are not merely intermediate signals but rather are 
driving the clock inputs of the logic. As a resun the EeL edges 
need to be matched with the TTL edges as pictured in Figure 9. 



Figure 8. ECl to TTL Clock Distribution 

Figure 9. Mixed ECl and TTL Distribution 

An ECL clock driver will be significantly faster than a TTL or 
CMOS equivalentfunction. Therefore to de-skew the ECL and 
TTL signals of Figure 9 a delay needs to be added to the input 
of the ECL device. Because a dynamic delay adjust would not 
lend itseH to most production machines a static delay would be 

used. The value of the delay element would be a best guess 
estimate of the differences in the two propagation delays. It is 
highly unlikely that the temperature coefficients of the 
propagation delays of the ECL devices, TTL devices and 
delay devices would be equal. Although these problems will 
add skew to the system, the resultant total skew of the 
distribution network will be less than H no ECL chips 
were used. 

Pll Based Clock Drivers 

A potential solution for the problem outlined in Figure 9 is in 
the use of phase locked loop based clock distribution chips. 
Because these devices feedback an output and lock it to a 
reference clock input the delay differences between the 
various technology output buffers will be eliminated. One 
might believe that with all of the euphoria surrounding the 
performance of PLL based clock distribution devices that the 
need for any ECL in the distribution tree will be eliminated. 
However when analyzed further the opposite appears to be 
the case. 

For a single board design with a one level distribution 
system there obviously is no need for ECL. When, however, a 
multiple board system is required where nested levels of 
devices are needed ECL once again becomes useful. One 
major aspect of part-to-part skew for PLL based clock chips 
often overlooked is the dependence on the skew of the various 
reference clocks being locked to. As can be seen in Figure 10 
the specified part-to-part skew of the device would necessarily 
need to be added to the reference clock skew to get the overall 
skew of the clock tree. From the arguments presented earlier 
this skew will be minimized H the reference clock is distributed 
in ECL. It has not been shown as of yet where a PLL based 
ECL clock distribution chip can provide the skew performance 
of the simple fanout buffer. From a system standpoint the 
buffer type circuits are much easier to design with and thus 
given equivalent performance would represent the best 
alternative. The extra features provided by PLL based chips 
could all be realized H they were used in only the final stage of 
the distribution tree. 

Unfortunately none of the PLL based devices available 
today feature differential ECL compatible reference clock 
inputs. Look for BiCMOS based PLL clock devices from 
Motorola in the near future. There will be a family of devices 
featuring various technology compatible inputs and outputs to 
allow for the building of precisely aligned clock trees based on 
either ECL, TTL or CMOS (or a mixture of all three) 
compatible levels. 
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Figure 10. System Skew For PLL Clock Distribution 

Conclusion 

The best way to maximIZe the performance of any 
synchronous system is to spend the entire clock period 
performing value added operations. Obviously any portion of 
the clock period spent idle due to clock skew lim~s the 
potential performance of the system. Using EeL technology 
devices in clock distribution networks will minimize all aspects 
of skew and thus maximize the performance of a system. 
Unfortunately the VlSI world is nof yet Eel clock based so 
that the benef~s of a totally Eel based distribution tree cannot 
be realized for many systems. However there are methods of 
incorporating Eel into the intermediate levels of the tree to 
significantly reduce the overall skew. In addition the system 
designers can utilize their new found knowledge to 
incorporate Eel compatible clocks on those VlSI chips of 
which they have control while at the same time pressuring 
other VlSI vendors in doing the same so that future designs 
can enjoy fully the advantages of distributing clocks with EeL. 
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EB27A 

Get 300 watts PEP Linear 
Across 2 to 30MHz from this 
Push·Pull Amplifier 

(The heat sink shown with amplifier is sufficient only for short test periods under forced air cooling.) 

This bulletin supplies sufficient infonnation to build a 
push-pull linear amplifier for 300 watts of PEP or CW 
output power across the 2- to 30-MHz band. One of 
Motorola's new high-power transistors developed for 
single-sideband, MRF422, is used in this application. 

Like all transistors in its family of devices, MRF422 
combines single-chip construction that is advancing the 
state-of-the-art, and improved packaging to accommo­
date the low collector efficiencies encountered in class 
B operation. Rated maximum output power is 150 watts 
CW or PEP with intennodulation distortion spec'd at 
- 30 dB maximum, - 33 dB typical. Although not rec­
ommended, a saturated power level of 240- to 250-W 
is achievable. Maximum allowable dissipation is 300 W 
at 25°C. 
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Because of its excellent load and line voltage regulating 
capabilities, an integrated circuit bias regulator is used 
in the amplifier. The MPCIOOO, originally described in 
this bulletin, consisted of a MCI723 chip and a built-in 
pass transistor. The manufacture of this device has been 
discontinued however, and the' board lay-out was mod­
ified to incorporate the above two in separate packages. 
The load regulation typically measures less than 2% at 
current levels up to 0.5 A, which assumes an hFE of 40 
for the RF power devices. The board surface provides 
a sufficient heat sink for the 2N5990 pass transistor, but 
a separate heat dissipator, such as Thennalloy 6107 can 
be added if necessary. With the component values 
shown, the bias is adjustable from 0.4 to 0.8 volts. 



Transformer Construction 

Gain flatness over the band is achieved using base input 
networks RIC2 and R2C3 and negative feedback through 
R3 and R4. The networks represent a series reactance of 
0.69 ohms at 30 MHz rising to 1.48 ohms at 2 MHz. 
A single-turn winding in the collector choke provides a 
low-impedance negative feedback source, thus R3 and 
R4 determine the amount. The reactance of C4 reduces 
feedback at high frequencies with the result that feedback 
increases an average of 4 dB per octave at decreasing 
frequency. 

For continuous operation at full power CW, It IS rec­
ommended that heat sink compound, such as Dow Corn­
ing #340, be applied between the board surface and R3 
and R4, and if possible have air circulating over the top 
of the circuit board as well. 

caD 
C 

E Q, 

R3~ 14 e16 

OPt::~.1 r'H~8' 1: 1 ~~ R~ 
Input l t.~'" T1 ..J \3' 
Atten ~: .. ~ Q3 <8> 

uator fii-C::::l- g~. 0 @ 

Al1~j 0 OAB . R5 
. "'0 MC'n,3C 

A. 

The effective base-to-base impedance, increased by the 
RC networks is about 5 ohms at midband. As a result 
of this and the 9: I impedance ratio in the input trans­
former Tl, the input VSWR is limited to 1.9:1 or less 
across the band. Transformer T2, in addition to providing 
a source for the feedback and carrying the dc collector 
current, acts as the rf center tap of the output transformer. 
To construct T2, wind 5 turns of 2 twisted pairs of A WG 
No. 22 enameled wire on a Stackpole 57-9322 toroid 
(Indiana General F627-8QI). 

Vee ~ 28 v POUT a lOO W PEP 

---

20 
FREOUENCY (MHz) 

Figure 1 - Collector Efficiency. 
Power Gain and VSWR vs Frequency 

A Stackpole dual balun ferrite core 57-1845-248 is used 
for Tl. The secondary is made of W' copper braid, 
through which three turns of the primary winding (No. 
22 Teflon@ insulated hook-up wire) are threaded. The 
construction of T3 is similar to that of T I. It employs 
two Stackpole 57-3238* ferrite sleeves which are ce­
mented together for easier construction. The primary is 
made' of 'I'" copper braid, through which three turns of 
No. 16 Teflon@ insulated wire are threaded for the 
secondary. 

Terminal Pins and 

Feedthroughs 
Feedthrough Eyelets. 

Stand Off's 

)( 

" " 

© 

B. 
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C2 

3OO-Watt Un .. r Amplifier Schematic Diagram 

- , j Tl 

'" •• , .on OJ' : 
.rCl 

TC:~[1-
c5U'L_ I : ---0 Output 50n 

C7 ~ vcc+ R5 -=-

R8 

Mounted To 
Heatsink --.... 

MC1723G 

4 

,2 

3 

R9 
RIO 

R11 

+ 

I C15 

VCC -

Cl - 100 pF 
C2, C3 - 5600 pF 

C4, C5 - 680 pF 

C6, C7 - 0.101'F 
C11 - 470 pF 

R 1, R2 - 2 X 3.3n, 1/2 W in parallel 

R3. R4 - 2 X 3.9 fl, 1/2 W in parallel 

R5-47n,5W 

C12, C13 - 0,331'F 

RS - 1.0n, 112 W 

R7, R8 - 1.0 k,1I2 W 

R9 - 18 k, 112 W 

C14 - 10 J.l.F - 50 V electrolytic A 10 - 8.2 k, 1/2 W 

C15 - 5QOJ.l.F - 3 V electrolytic R1l - 1,0 k Trimpot 

CIS - 1000 pF 01 - 2N5190 

aI, 02 - MRF422, 03 - 2N5990 

Tl. T2. T3 - See text 

All capacitors except electrolytlcs end C16 
are chips -

Union Carbide type 1813 and 1225, 

or Varadyne size 18 or 14, or equivalent 

Ll. L2 - Ferroxcube 
VK20020/48 Table I. Output harmonic contents, 
L3, L4 - 6 ferrite beads 

each, Ferroxcube 

5659065/38 

measured at 300-W CW (all test data 
taken using a tuned output, narrow 
band signal source). 

2nd 3rd 4th 5th For production quantities, the braid in T, may be made 
of brass or copper tubes with their ends soldered to pieces 
of PC board laminate. See cover picture and Motorola 
AN-749 for details. 

f (Mhz) (dB below the carrier) 

The bandwidth characteristics of these transformers do 
not equal those of the transmission line type, but they're 
much easier to duplicate. 

The measured performance of the amplifier is shown 
in figures I, 2, and 3 and harmonic rejection data in 
table I. 

30,0 

20.0 

15,0 

7.50 

4,0 

2.0 

*A similar product is available from Fair-Rite Products Corp., Wallkill, N.Y., 12589 

®Registered trademark of DuPont 

PCB, chips capacitors, transformers T
" 

T~, T" and ferrite beads are available from: 
COMMUNICATIONS CONCEPTS, 2648 N. Aragon Ave., Kettering, Ohio 45420. 
Telephone: (513) 294-8425. 
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The Common Emitter TO·39 
and its Advantages 

The common emitter T0-39 package is one of Motorola's 
latest innovations in low-{;ost rf packages. It differs from 
conventional TO-39's or TO-5's in that the emitter, not 
the collector, is connected to the metal casco To achieve 
this, a BeO insulating block metallized on top and bot­
tom is brazed to the can bottom and the transistor chip 
brazed to the BeO insulator. Wires are then bonded from 
the chip and insulator block to the terminals and the can 
bottom as shown in the photo. With NPN transistors, 
this configuration permits direct connection of the can 
to rf and negative dc ground for many class Band C 
circuits. 
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Two important advantages can be derived from the 
common emitter TO-39: By connecting the case to the 
rf circuit ground, emitter inductance is reduced and gain 
increased by 3 to 5 dB over that of comparable, conven­
tionally wired transistors. And the case may be directly 
pressed, clipped, or soldered to the heat sink with no 
effect on rf performance. This feature may eliminate the 
need for the heat radiating "coolers" because soldering 
the transistor bottom to the circuit, typically a PC 
board, improves dissipation by removing heat through 
the thick metal base rather than the thin can. 



Fixture for Functional Testing of the Common Emitter TO-39 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A B.B9 9.40 0.350 0.370 
B B.OO B.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
D 0.406 0.533 0.016 0.021 
E 0.229 3.1B 0.009 0.125 
F 0.406 0.4B3 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.B64 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 0.500 
L 6.35 0.250 
M 45' NOM 45' NOM 
P 1.27 0.050 
Q 90' NOM 90' NOM 
R 2.54 - 0.100 -

All JEDEC dimensions and notes apply. 

CASE 79-02 
T0-39 

For example, the MRF227 was mounted in this manner 
and a 8jc of I SOC/W was measured using a Barnes RM-2A 
Infrarea Microscope_ Compared to an MRF607 in a 
conventional package operating under identical condi­
tions, this is greater than a 2: I reduction in thermal 
resistance_ And as side benefits, the lower 8jc also re­
duces power slump and improves reliability_ 

In many mobile radios CE-T039 devices can replace stud 
or flange mounted stripline parts used for 1- to 4-watt 
drivers. This conversion should normally offer a signifi­
cant savings in the cost of parts as well as the costs of 
mounting hardware and labor. 

The designer of compact handheld radio equipment will 
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STYLE 5: 
PIN 1. COLLECTOR 

2. BASE 
3. EMITTER 

find the CE-T039 offers a real advantage from the elimi­
nation of interstage RFI or coupling because the can is 
at rf ground. Stability is usually improved and the higher 
available gain may reduce the number of transmitter 
stages. Simplified and improved cooling may also be 
obtained by connecting the can directly to the radio 
housing or chassis. 

To sum it up: The emitter-to-can wired TO-39 known 
as the CE-T039 offers the designer significant improve­
ments in both gain and thermal performance. Because of 
its price, compared to SOE and T0-60 packages, the 
designer can use the CE-T039 to reduce costs. And he 
can make his design easier to assemble with no loss in 
rf performance. 
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Predict Frequency Accuracy for 
MC12060 and MC12061 Crystal 
Oscillator Circuits 

Crystal oscillators are used when it is necessary to gener­
ate a precise and highly stable signal. Such circuits typi­
cally provide this stable signal at a frequency close to 
the resonant frequency (either parallel or series) of their 
crystal. However, circuit components and other factors 
external to the crystal influence the crystal's natural 
resonance to some degree, an effect often referred to as 
"pulling" or "warping." A discussion of the variation in 
crystal frequency as a function of differing lCs·, temper­
ature, and dc supply voltage is presented in this bulletin 
to aid the designer in predicting the amount of fre­
quency pull in his particular design. 

Crystal Characteristics 

As shown by the equivalent circuit of Figure I, crystals 
behave as open circuits to dc. For ac signals below a 
crystal's series resonant frequency, the crystal exhibits 
a capacitive reactance. As frequency increases, the series 
resonance of Cs and LS is reached. The crystal then ap­
pears as a low value resistor, RS, shunted by a small 
capacitance, CO. At frequencies above series resonance, 
the CS, LS combination appears as an inductive react­
ance. As frequency increases even higher, the inductive 
reactance grows eventually equalling the capacitive re­
actance of CO. This is the high impedance, parallel reso­
nant frequency for the crystal. Although the separation 
in frequency between series and parallel resonance varies 
for different crystals, series resonance will typically 
occur several hundred Hertz to a few kilohertz below 
parallel resonance. 

FIGURE 1 - Crvstal Equivalent Circuit 
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Crystals used with MC 12060/61 devices must meet the 
requirements specified in their data sheet. Since these 
devices oscillate at the frequency that provides the low­
est impedance (series resonance) between pins 5 and 6, a 
crystal must not exhibit a spurious response resulting in 
impedance values near or less than the desired series 
resonance impedance. In the evaluations discussed here, 
standard commercial crystals with ±0.0025% calibration 
tolerance, fundamental mode, were used with the 
MC 12060/61 devices. Measured series resonance fre­
quencies for the crystals used, along with equivalent 
series inductance (LS) and resistance (RS) values are 
presented in Table 1. 

·Specifically, the Motorola MC 12060/12560 and 
MC12061/12561 integrated circuits which are designed 
for use with an external fundamental series resonant 
crystal. Specified operating frequency range is 100 kHz 
to 2 MHz for the 12060/12560 and 2 MHz to 20 MHz 
for the 12061/12561. Complementary sine wave, com-

Series 

TABLE I 
Crystal Parameters 

Equiv. Series 
Resonant Frequency Resistance RS 

(MHz) (Ohms) 

2.500025 38.0 
8.079977 8.4 

13.411100 6.9 
18.749563 12.5 
19.999528 9.2 

(kHz) 
100.002 497 
200.Q12 509 
500.031 995 
999.985 380 

2000.032 96 

Equiv. Series 
Inductance LS 

(mH) 

274.0 
17.6 

7.0 
2.9 

-

-
-

9857 
2629 

526 



plementary ECL, and single ended TTL outputs are 
available. Complete technical specifications for these 
ICs can be found on the device data sheet. Additional 
applications information is available in Motorola appli­
cation note AN-756 and engineering bulletin EB-60. 

MC12060/61 Performance 

The circuit elements in an oscillator environment have 
an effect on the fundamental resonant frequency of a 
crystal. To measure the influence of the MC12060/61 
devices, tests were made using the circuit of Figure 2. 
Frequency measurements were taken at the sine wave 
output (pin 2 or pin 3), the 680 ohm resistor making it 
possible to drive a 50 ohm load. Laboratory quantities 
of the ICs were tested, consequently some variation in 
results could be expected if a production run cross sec­
tion were evaluated. 

MHz. Table III shows the variation in pull on the same 
crystal resulting from the use of different MC 12060 and 
MC 12061 devices. 

Figure 3 gives the frequency shift, ,/:aused by the 
MC 12560/61 devices operating over their temperature 
range of -55°C to +125°C. Similar resultS can be ex­
pected for the MC 12060/61 devices over their specified 
range of O°C to +75°C. Data was taken with the crystals 
at a constant temperature of approximately +25°C to 
isolate the effect of temperature on the ICs. Since the 
curves are normalized, one must add the appropriate 
room temperature value (see Table II) to obtain the net 
frequency pull at a specific temperature. For example, 
the MC12561 device operating with the nominal 8.08 
MHz crystal would exhibit a net pull of approximately 

VCC = 5.0 Vdc 
UNLESS OTHERWISE NOTED 

=f O,01I'F 

UNUSED PINS 
9THROUGH 16 
ARE CONNECTED 
TO GROUND 

D.U.T. 

680n 

6 8 

FIGURE 2 - MC12060/61 , MC12560/61 
Evaluation Circuit 

The measured pull of the MC12060/61 devices on a 
crystal's series resonant frequency is shown in Table II 
for room temperature operation. Resonant frequency is 
always reduced, the effect becoming more pronounced 
with increasing operating frequency. Where minimum 
pull is required, the MC 12061 rather than the MC 12060 
should be considered for use at or slightly below 2.0 

-40 - 11 = - 51 PPM at + 125°C. The curves show a 
small temperature dependence at lower frequencies that 
increases significantly above midband. Although not 
plotted, over the -55°C to +85°C range MC12560 at 2 
MHz and MC12561 at 18.75 MHz changed from +155 to 
-275 and from +7 to -45 PPM respectively, referenced 
to +25°C. 

TABLE II 
Crystal Frequency Pullin Percent For MC12060/61 IC's 

DEVICE MC12060 MC12061 

NOMINAL CRYSTAL 0.100 0.200 0.500 1.00 2.00 2.50 8.08 13.41 18.75 20.0 
FREQUENCY (MHz) 

CRYSTAL PULL IN . -0.0005 -0.0012 -0.0040 -0.03 -0.0002 -0.004 -0.01 -0.03 -0.05 
PERCENT 

'LESS THAN 1 Hz, MEASUREMENT LIMITED BY RESOLUTION OF TEST EQUIPMENT. 
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TABLE III 
_ ... FrequencY Dwl8tlon From DlYloo to 0 .. 100 

MC12060 

NOMINAL FREQUENCY FREQUENCY DEVIATION 
(MHz) (Hz) (PPM) 
0.100 . . 
0.200 . . 
0.500 2 4.0 
1.000 10 10.0 
2.000 165 82.5 

MCI2061 

2.50 2 0.8 
B.08 110 13.6 

13.41 485 36.2 
lB.75 1755 93.6 

-Less than 1 Hz, Measurement limited by resolution of test 
equipment. 

..... ....... 10 

............. ."C' 
,,~ 

-9'0 

pacitor and its effect on increasing frequency. Therefore, 
if only a small increase in frequency is required, the trim 
capacitor value may become unreasonably large. To 
assure a suitable value for the capacitor, it may be neces­
sary to specify the crystal frequency lower than the 
actual desired operating frequency. The pulling effect of 
the ICs will normally be much less than that of the trim 
capacitor and therefore the crystal can simply be speci­
fied such that the series combination of crystal and trim 
capacitor is in series resonance at the desired operating 
frequency. If it is also desired to account for the effects 
of the ICs, this may be approximated by considering the 
MCI2060 to add 266 pH and the MCI2061 1.6 pH in 
series with the crystal. 
As a typical example, assume that the MC12061 is to be 

~.f~ .... ~ 
MCI2561 •2•0 MHz -o -- ~ 

"' r"... ~ ~C', .. ~ 
"- ~~~Oe.-

"\. ~~ .. 
"- " -10 

"-
NOTES: 

, 
1. NO MEASURABLE CHANGE -55·C TO +125·C FOR MC12560 OPERATING 

"' AT 100 kHz. TEST EQUIPMENT RESOLUTION <1 Hz. 

2. FREQUENCY SHIFT BECOMES SIGNIF ICANTL Y WORSE WHEN DEVICES "--20 ARE OPERATED ABOVE MID-FREQUENCY RANGE. 

"' I I I 

-100 -50 o 50 100 130 

TEMPERATURE. ·C 

FIGURE 3 - Frequency Shift VS Temp. with Crystal 
Located Outside Temp. Chamber 

Figure 4 provides plots of frequency pull as a function 
of change in dc supply for the MC 12060/61 devices. 

Design Example 

The ICs are designed to pull the crystal's natural series 
resonant frequency lower . .If desired, this permits a trim 
capacitor to be inserted in series with the crystal to set 
the oscillator "on frequency". Since this trim capacitor 
is approximately in series with Cs of the crystal, there is 
an inverse relationship between the value of the trim ca-
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used with a nominal 8 MHz crystal having an equivalent 
series inductance LS = 17.6 mHo Figure 5 shows the 
equivalent circuit. With no CTRIM added, the IC will 
lower the crystal's resonant frequency by approXimately 

JC17.6 + 0.0016)/17.6 or 0.0045%. Use of a 10 pF trim 
capacitor would place a net impedance in series with the 
crystal of jwLIC - j l/wCTRIM = -j 1.909 X 103. This 
corresponds to an equivalent capacitance in series with 

I 
the crystal of CEQUIV = 21T X 8 X 106 x 1.909 x 103 -
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10 41 .. 0 FOR MC12061 OPERATING WITH 2.5 MHz CRYSTAL AND VDC 
CHANGED '10%. 

::; 
l>-
I>-

~ 0 

<i 

-10 

MC12061 AT 18.7 MHz 

-20 

4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 

SUPPLY VOLTAGE IN VOLTS 

FIGURE 4 - MC12060/61 Frequency Shilt Versus 
DC Supply Voltage Value 

Co is assumed negligible at the frequency of series resonance for the crystal. 

FIGURE 5 - Crystal/Ie Oscillator Equivalent Circuit 

10.42 pF. The crystal should be specified so that the 
crystal reactance and that of CEQUIY are in series reso­
nance at the operating frequency (8.000 MHz). In effect, 
this requires a crystal with a series resonance slightly 
below 8.000 MHz so that at precisely 8.000 MHz it pre­
sents a +j impedance which equals the -j impedance sup­
plied by CTRIM in series with LIC, i.e., CEQUIY. 

If the crystal is not resonant below 8 MHz as suggested, 
but rather at exactly 8 MHz, CTRIM must then be 
chosen to resonate with an LIC inductance of 1.6 /lH 
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requiring an undesirably large value of 247 pF. The 
CTRIM value can approach infinity if the crystal cali­
bration tolerance allows the crystal to be series resonant 
on the high side of 8 MHz. 

A similar procedure can be followed for the MC 12060 
device. In this case the approximation LIC = 266 /lH is 
used. The calculated frequency pull for the nominal 500 
kHz, 1 MHz and 2 MHz crystals described in Table I is 
then -0.0013, -0.0051 and -0.0253 percent respec­
tively. This agrees closely with the measured values of 
-0.0012, -0.0040, and -0.03 percent given in Table II. 
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A 60 watt 225·400MHz Amplifier 
- 2N6439 

This bulletin describes a 60 watt, 28 volt broadband 
amplifier covering the 225 -400 MHz military com­
munications band. The amplifier may be used singly as a 
60 watt output stage in a 225 -400 MHz transmitter, or by 
using two of these amplifiers combined with quadrature 
couplers, a 100 watt output amplifier stage may be con­
structed. Typical performance curves of gain, efficiency, 
and input SWR are shown in Figures 5, 6, and 7. 

Circuit Description 
This circuit is designed to be driven from a 50 ohm 

source and work into a nominal 50 ohm load. The input 
network consists of two microstrip L-sections composed 
of ZI, Z2 and C2 through C6. CI serves as a dc blocking 
capacitor. A 4:1 impedance ratio coaxial transformer Tl 
completes the input matching network. L1 and ferrite 
bead serve as a base decoupling choke. 

The output circuit consists of shunt inductor L2 at 
the collector, followed by two microstrip L-sections 
composed of Z3, Z4 and C8 through C II. C 12 serves as 

FIGURE 1 - Component Layout of the Amplifier 
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a dc blocking capacitor, and is followed by another 4: I 
impedance ratio coaxial transformer. 

Collector decoupJing is accomplished through the use 
ofD, L4, C14 through CI6 and Rl. 

Construction 
The circuit is constructed on a 3.375 X 2.5 inch (8.57 

X 6.35 cm) double sided PC board. Board material is 
3M Glass Teflon*, with a thickness of 0.031 inch (0_0787 
cm). Glass Teflon was selected for its low loss and dielec­
tric consistency. Figure 2 is a I: I photomaster print of 
the top side of the board. Eyelets are placed at the points 
marked by a plus sign to carry the top ground to the 
bottom side ground return. The edges of the transistor 
mounting hole beneath the emitter leads are also wrapped, 
using copper foil soldered in place to insure a solid emitter 
ground.(i,2) Construction details of the 4:1 transformers 
are shown in Figure 4. 

*Registered Trademark of Dupont 

+ + + + + + 
IJ 

0 
+ + + + + "t-

O 
2N6439 GAIN BLOCK DSH 

FIGURE 2 - Photo master (not full size) 



Rl 
.---ic-:::-'>-..... J't:-':'''-+ ....... ",ic=''---o + 28 Vdc 

L3 l14 .J:,.C16 1 

RF~-rrfl ZI 
'" l"1J ~ "II" 

Cl - 63 pF Chip 
C2, CS - 27 pF Chip 
C3' - 24 pF Chip 
C4 - 15 pF Chip 
C5, C9 - 30 pF Chip 
C6, C7 - 50 pF Chip 
Cl0-10pF Chip 
ell - 5,1 pF Chip 
C12 - 150 pF Chip 
el3 - 270 pF Chip 
C14, C16 - 680 pF Feedthru 
C15 - 1.0 ",F 50 V Tantalum 

All Chip Capacitors are 100 mil TOK-ACI Co, 

Stvle FC282 BAG 

L 1 - 0.15,uH Molded Choke with Ferroxcube 
Bead #56·590-65/48 on ground end of coil 

L2 - 1 Turn #22 AWG. l/S" 10 
L3 - 0.' 5 ",H Molded Choke 
L4 - Ferroxcube VK-200-19/48 

Ql - 2N6439 

Rl - 10.0 2 Watt 

T1, T2 - 25 n Subminiature Coax (Type UT25) 
2.25 inches (57.15 mm) long 

Z1 - Microstrip Line 
800 mils L X 225 mils W 
20.32 mm LX 5,715 mm W 

Z2 - Microstrip Line 

200 mils L X 225 mils W 
5.08 mm L X 5.715 mm W 

23, 24 - M icrostrip Line 
550 mils L X 125 mils W 
13.97 mm LX 3.175 mm W 

Board - 0.03'" (0.787 mm) Glass Teflon 
t'r = 2.56 

FIGURE 3 - 2N6439 60 Watt Building Block 225-400 MHz 

SCHEMATIC REPRESENTATION 

A B """ill""·'" 
ASSEMBLY AND PICTORIAL 

1f--------0 ---j-----l® I 
Ii' Transformer D;mens;~,+t=.------------"!'S 
\!..J (not to scale) -----cL ! - -

o Transformer Connections 

0- 2,25 inches (5.715 cm) 

o -0.1875 inch (0.476 cm) 

-=s 50n 

FIGURE 4 - Construction Details of the 4:1 Unbalanced to Unbalanced Transformers 
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AMPLIFIER PERFORMANCE 

FIGURE 5 - Power Gain versus Frequency 
Efficiency versus Frequency FIGURE 6 - Output P __ venus Input Power 
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FIGURE 8 - Amplifier Assombly 
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A 1 watt, 2.3GHz Amplifier 

Introduction 
Simplicity and repeatability are featured in this 

l-watt S-band amplifier design_ The design uses aI) 
MRF200I transistor as a common base, Class C ampli­
fier. The amplifier delivers I-watt output with 8 dB 
minimum gain at24 V, and is tunable from 2.25 to 2.35 
GRz. Applications include microwave communica­
tions equipment and other systems requiring medium 
power, narrow band amplification. A photograph of 
the amplifier is shown in Figure 1. 

Circuit Description 
The amplifier circuitry consists almost entirely of 

distributed microstrip elements. A total of six addi­
tional components, including the MRF2001, are 
required to build a working amplifier. Refer to Figure 2 
for the schematic diagram of the amplifier. 

E889 

FIGURE 1 - 1-W. 2.3 GHz Amplifier 

RF 
Input 

Cl - 0.4-2.5 pf Johanson 7285· 
C2, C3 - 68 pF, 50 mil ATe'" 
C4 - 0.1 "F. 50 V 
C5 - 4.7 ~F, 50 V Tantalum 

Z1-Z10 - Microstrip; see Photomaster, Figure 3 

Z9 

r-----~---4~--__ ---------------_< ~~~VdC 

Z10 

Board Material - 0.0625" 3M Glass Teflon .. •• 
f"r ::: 2.5 ± 0.05 

RF 
Output 

• Johanson Manufacturing Corp., 400 Rockaway Valley Road, Boonton, NJ 07005 
•• American Technical Ceramics, One Norden Lane, Huntington Station, NY 11746 

... ·Registered Trademark of Du Pont 

FIGURE 2 - Schematic Diagram 
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The input and output impedances of the transistor 
are matched to 50 ohms by double section low pass 
networks. The networks are designed to provide about 
3% 1 dB power bandwidth while maintaining a collec· 
tor efficiency of approximately 30%. There is one 
tuning adjustment in the amplifier - C1 in the output 
network. Ceramic chip capacitors, C2 and C3, are used 
for DC blocking and power supply decoupling. Addi­
tionallow frequency decoupling is provided by capac· 
itors C4 and C5. Refer to Figure 3 for a 1: 1 photomaster 
of the circuit boards. 

r 
_.,niUM,,',' 'MM 
00" 0.5" 10" 

Lu.ulLWJ 
FIGURE 3 - Circuit Photomaster 
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Amplifier Assembly 
The circuit boards are mounted on a 3.125" x 1.875" 

x 0.750" aluminum block. A 0.062" deep and 0.260" 
wide slot is milled in the heat sink as shown in 
Figure 4. 

The transistor mounts in the slot with two 4·40 
screws. An alternate approach that would eliminate 
the need for milling is the laminated structure shown 
in Figure 5. 

Using the laminated assembly, the transistor is 
mounted on the surface of the block and 0.062" alumi· 
num shim stock is sandwiched between the block and 
the circuit boards. Connector mounting plates are 
required if SMA type connectors are used for the RF 
input and output. The SMA connectors can be fastened 
directly to the block if the milled approach is used. 
Either method results in the same performance for this 
1·watt design. The laminated structure, however, may 
not be suitable for higher power designs. With higher 
power levels the transistor impedances are lower. The 
RF ground impedance through the laminated metal 
may be sufficiently high to impair gain and stability. 
This point emphasizes the fact that the successful 
design of RF amplifiers is dependent not only on atten· 
tion to electrical considerations, but to the physical 
construction as well. While construction related para­
sitics cannot be totally ignored at medium frequencies, 
they can pose serious problems at microwave 
frequencies. It is recommended that the following con· 
struction techniques be followed when building this 
amplifier. Refer to Figure 6 for the component 
placement diagram. 

Material - Aluminum 
All dimenSIOns in inches 

A - Board Mounting Holes, Tap 2-56 8 Places 

B - DevIce Mounting Holes, Tap 4-40 2 Places 

C - Mounting Holes for SMA Type Connectors. Tap 2-56 4 Places 

0.000 0.770 1.110 1 875 

I I I I .-m------rrro -- 0000 
-- 0.083 

FIGURE 4 - Amplifier Heat Sink 
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Circuit Board 

"."0." '"'""~ --1:;;"''''1 rmamnOd:~+ 
AlumInum Block _I _ 

SMA Extended 
Dielectric Connector 

Connector 
Mounting Plate 

FIGURE 5 - Laminated Assembly 

C4 C3 C5 

1\1. Foil Wrap Asterisked Edges to Bottom Ground Plane 

FIGURE 6 - Assembly Diagram 

Construction Notes 
1. The transistor is fastened to the heat sink with 

two 4-40 screws. The mounting surface should be flat 
and clean. Thermal compound should not be used on 
the underside of this device; the flange provides the 
transistor base connection and must make good elec· 
trical contact with the heat sink. The wide lead is the 
emitter and the narrow lead is the collector. 

2. The edges of the boards marked with an aster­
isk (see Figure 6) must be foil wrapped to the bottom 
ground plane to provide a low impedance RF ground 
connection for C3, C4, C5 and the emitter choke, Z9. 
This is accomplished by soldering a l!4"·wide strip of 
1- to 5-mil thick copper foil to the top ground plane and 
then wrapping it around the edge of the board. The 
other edge of the foil is soldered to the bottom ground 
plane. 

3. Use a #31 drill bit to drill the board mounting 
holes. With the transistor already mounted to the heat 
sink, slide the boards into position so they butt up 
against the transistor. This will insure that the excess 
lead inductance of the transistor is kept to a minimum. 
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The boards can now be fastened to the heat sink and 
the remaining components mounted. 

4. Use a minimum of heat when soldering C2 and 
C3. Excess heat could cause the end metal of the chip 
capacitor to separate from the ceramic. 

5. C1 is a miniature variable capacitor whose 
high self-resonant frequency makes it ideal for use at 
microwave frequencies. The package design makes it 
very convenient to use wherever a shunt capacitive 
element is de&:red and is used here to vary the capaci­
tance of microstrip stub, Z5. The capacitor is mounted 
by drilling a 0.120" diameter hole (#31 drill bit) at the 
point indicated in Figure 6. Using the circuit board as 
a template, mark the point on the heat sink directly 
below the mounting hole. Since the capacitor is 
slightly longer than the thickness of the board, a 
clearance hole is needed at this point. The bottom of 
the capacitor is soldered to the ground plane on the 
bottom of the board. The flange of the capacitor is 
soldered to Z5. Avoid getting solder into the area above 
the flange as this will prevent the movement of the 
tuning piston. 
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Performance Data 
Amplifier tune-up is accomplished by adjusting Cl 

for maximum output power with minimum collector 
current. The amplifier will tune from 2.25 to 2.35 GHz 
while maintaining an input VSWR of less than 2:1. 
Typical performance curves appear in Figure 7. 
Figures 7a and 7b show performance with the 
amplifier re-tuned for each frequency. Figure 7c 
shows performance without re·tuning. Note from 
Figure 7c that the instantaneous 1 dB bandwidth is 
approximately 70 MHz with the amplifier tuned to a 
center frequency of 2.3 GHz. 

Pill '" 150mW 2.is GHz 
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1.4 

1.3 

1.2 

V ....-2.iOGHz 

......... V V ....-2.3ISGHZ ...----- V f-"" --
1.1 

............ ....... ~ 
........ --V 

1.0 ........ 
0.9 

20 24 28 

Vec. SUPPLY VOLTAGE (VOLTS) 

FIGURE 7b - Output Power verlul Supply Voltaga 
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FIGURE 7 - Performance Curv .. 
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--V -~OGHZ 
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./ -V ....... V V --V V --

/" 
....... 

80 100 120 140 160 

P;n.INPUT POWER (mW) 

FIGURE 7a - Output Power versus Input Power 
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P;n=IS~~,... -"""t-... -- I'-.. 

~ 
~ 
:;:; 
U 

35 ffi 
0.6 

0.4 

n i'.... 
V"" --r- " ........ .......... 

'" 30 0 

25 ~ 
20 :3 

0' 

......... r- - VSWR 

3;1 ~ 
> 

2;1 ~ 

2.25 2.30 
1:1 !: 

2.35 
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FIGURE 7c - Output Power, Efficiency and 
VSWR versus Frequency 

NOTE: The MRF2001 is one of a family of 2 GHz power transistors with RF 
output powers as indicated below: 

MRF2001 1 W MRF2005 5 W 
MRF2003 3 W MRF2010 10 W 
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EB90 

Low Cost VHF Amplifier Has 
Broadband Performance 

Introduction 
This bulletin presents two VHF amplifier designs 

intended for FM or CW service in the 136-174 MHz 
band. Both amplifiers feature the Motorola MRF260 
and MRF262 plastic encased VHF transitors which 
are rated at 5.0 Wand 15 W power output respectively. 
This new series is derived from a line of highly 
successful device types of similar capability, but 
packaged in a standard configuration, (i.e., stripline 

packages). The MRF260 and MRF262 are in a 
standard TO-220 silicone epoxy case with the emitter 
wired to the metal tab and center lead of the device. 
This common emitter configuration results in good 
RF performance, improved thermal conductivity, 
and ease of mounting in an RF amplifier, by con­
necting the transistor mounting flange to RF and 
DC ground. 

FIGURE 1 - Engineering Models. A Common Board Layout is Used for Both Versions 
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Design Considerations 
The lower frequencies (136-160 MHz) are serviced 

by a design utilizing low-cost dipped silver mica 
capacitors_ For a broadband response in the higher 
frequencies; (160-174 MHz), low inductance, ceramic 
chip capacitors are used_ 

Ease of assembly, repeatability and fast economi­
cal construction received the utmost consideration 
in the design of this amplifier_ TO-220 devices 
result in a low profile circuit which minimizes the 
volume occupied by the amplifier_ Additionally, the 
MRF262 transistor used in the output stage is a 
rugged device, able to tolerate high load SWR 
conditions_ Maximum use of printed inductors 
assures good repeatability. 

Both amplifiers utilize stagger tuned networks to 
enhance bandwidth. Additionally, each design 
retains excellent gain and stability characteristics 
when narrow banded. All of these merits are 
attributed to optimum device gain and the 
reasonably high inter-stage impedance levels 
incurred at these power levels. 

Circuit Description 
The amplifier has two stages and uses 5.0 Wand 

15 W rated transistors to accomplish the desired 
gain and power output. Two stage transmission line 
Chebyshev networks accomplish coupling and 
impedance transformation at the input and output. 
Nominal impedance levels are 50 ohms, while the 
interstage network transforms device impedances 
directly. Values for the reactive elements of these 
networks were almost entirely generated by 
computer aided design. Although the interstage 
network is straight forward in design, it required 
some modification and refinement of computer 
generated values to achieve the final results and 
accomodate available component values. 

Construction 
The amplifier is assembled on double-sided G-10 

fiberglass board with 1 oz. copper cladding. The 
format is 2.0" x 3.5" and a photomask is provided 
(Figure 13). Some method of electrically connecting 
the upper and lower ground plane is required. Eye­
lets or plated through holes are recommended, but 
alternative measures such as short pieces of wire 
soldered to both planes can be used successfully. 
Failure to provide an adequate or consistent ground 
plane may result in poor RF performance, instability, 
and unpredictable tuning. The reverse side of the 
board retains all copper and forms the ground plane. 
Component placement and the recommended 
position of grounding eyelets is shown in Figures 13, 
5, and 7. All component leads are positioned and 
soldered above the board. There are no through 
connections other than grounding points. This 
facilitates component positioning, replacement, 
and access ability. The transistors are fitted into a 
0.4" by 0.65" opening in the board and are installed 
directly against the heat sink. A coating of heat 
sink compound such as Dow Corning 340 between 
each device and the heat sink improves thermal 
contact and helps prevent power slump. 
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At frequencies beyond 100 MHz, dipped silver mica 
capacitors generally become inductive, and do so 
with a high degree of unpredictability. This 
phenomenon is also dependent upon component 
value and becomes more pronounced with an 
increase in frequency_ (Ref: 1, 2, 3). To maintain 
predictable performance beyond 160 MHz, a second 
layout featuring ceramic chip capacitors is offered 
(Figure 3, 6, 7)_ The design ofthese capacitors allows 
them to remain capacitive beyond the VHF frequen­
cies. Maintaining the bandwidth of 160-174 MHz 
with this circuit board, the networks become lossy 
and power output suffers slightly. Variable 
capacitors may make this condition more tolerable 
and can be installed in the input and interstage 
networks. In some cases the ease of adjustment and 
added flexibility would justify the added cost of 
the variable capacitors. 
Performance 

Normally, this amplifier will not require tuning 
provided that components are as described and are 
positioned as shown on Figure 5 and 7. If an accurate 
method of measuring power is available, a quick 
check of amplifier performance can be accomplished 
by comparing its parameters with the performance 
data of Figures 8 through 11. Drive must be 
maintained at 220 m W (±20 m W)and V CC held to 12.5 
V dc to accurately reproduce the overall response 
noted here. Allow some degree of tolerance (10%) in 
output power to account for differences inherent in 
component values and transistor performance. To 
assure broadband performance and tailored 
frequency response, the amplifier should be checked 
using a swept frequency generator capable of 
200-300 m W output. Tuning for maximum power out 
and minimum reflected power at band centers will 
not necessarily provide a broadband response. 
Figures 8 through 11 graphically depict typicallevels 
of performance achieved with this amplifier. Either 
version is stable into higher than 3:1 VSWR load 
mismatch at all phase angles. The output device is 
tolerant of short term operation into an open or short 
circuit load at full drive. 

Harmonic content of a 150 MHz signal at the out­
put ofthe dipped silver mica version is illustrated in 
Figure 12. The 2nd harmonic is approximately -50 dB 
with respect to the fundamental. This level of 

performance cannot be maintained across the entire 
band, therefore, some additional filtering of the 
output signal will be required to meet more stringent 
requirements. 

With the amplifier mounted on aluminum stock, 
2.0" x 8.5" and 0.090" thick, a 25% duty cycle (1 min on, 
4 min off) produced a temperature of 500 e (122°F) 
after two hours of operation. A 50% duty cycle (1 min 
on, 1 min off) raised this temperature to 600 e (140°F) 
and full key down operation caused a stabilized 
temperature of80oe (176°F). All temperatures were 
measured on the heat sink at the final device with 
output power maintained at 15 watts. One can safely 
assume that a panel on the outside edge (i.e., back­
side) of a transceiver could be successfully used as a 
heat sink for this amplifier. 
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FIGURE 2 - 136-160 MHz Amplifier 

FIGURE 3 - 160-174 MHz Amplifier 
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L1 

Cl - 200 pF 
C2 - 33 pF 
C3 - 47 pF 
C4 - 18 pF 
C5, C8 - 43 pF 
C6 - 12 pF 
C7, C9 - 50 pF 

RFC6 

C8~ 
L3 

C41 IC6 
C71: II 

lRFc2 

-= -= -= -=-= 

RFC5 

+ 
::;J;C12 

L5 Cll 
r-4-~~~~~~~~ 

r r 
FIGURE 4 - Schematic Diagram of Dipped Silvered Mica Capacitor Version '136-160 MHz) 

Cl0- 22 pF 
Cll-l00pF 
C12 - 1.0 /LF Tan1alum 

~ -1L....-----1RFC6 

C13, C14 - 0.05 I'F Erie Redcap 
L1-L5 - Printed Inductor 
L3 - 1.25" #18 AWG, 1-1/2 Turns, 9/6410 
01 - MRF260 

+12,5Vdc 

L4 ~
F 

:: Output . 

u . 

CtO 

02 - MRF262 
RFC1, RFC2 - 2 Turns #26 Enameled 

on Ferrite 8ead Ferroxcube 56-590-65/38 
RFC3 - 10 I'H Molded Choke 
RFC4 - 0.15 I'H Molded Choke 
RFC5, RFC6 - VK200-4B 
8 - Bead, Ferroxcube 56-590-65/38 

FIGURE 5 - Component Placement, 136-160 MHz Amplifier 
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L5 C8 
,-~~~~~~~~r< 

r r 
FIGURE 6 - Schematic Diagram of Chip Capacitor Version (160-174 MHz) 
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L1 RF~RFC4 

§]~ 
L2 

RF 

~ 
Input 

~ 
~ 

Cl - 220 pF, TDK 100 mil Chip Capacitor 
C2 - 43 pF, TDK 100 mil Chip Capacitor 
C3 - 150 pF, TDK 100 mil Chip Capacitor 
C4 - 15 pF, TDK 100 mil Chip Capacitor 
C5 - 63 pF, TDK 100 mil Chip Capacitor 
C6 - 27 pF, TDK 100 mil Chip Capacitor 
C7 - 22 pF. TDK 100 mil Chip Capacitor 
C8 - 100 pF, TDK 100 mil Chip Capacitor 
C9 - 1.0 /,F Tantalum 
Cl0 - 0.1 /,F Erie Redcap, 100 V General Purpose 
Cll - 0.05 /'F Erie Redcap, 100 V General Purpose 

L3 

T 
5/8'" Hairpin 
loop, #18 AWG 

12.5 Vdc 

~ 

L4 

L5 

L 1-L5 - Printed Inductor 

RF 
Output 

EL 
~ 

L3 - 5/8" .t18 AWG Wire formed into hairpin loop 
Ql - MRF260 
Q2 - MRF262 
RFC1, RFC2 - 2 Turns #26 Enameled Wire 

through Ferrite Bead Ferroxcube 56-590-65/38 
RFC3 - 0.15 /'H Molded Choke 
RFC4 - 10 /,H Molded Choke 
RFC5, RFC6 - VK200-48 
8 - 8ead, Ferroxcube 56-590-65/38 

FIGURE 7 - Component Placement, 160-174 MHz Amplifier 
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EB93 

60 watt VHF Amplifier Uses 
Splitting/Combining Techniques 

Using proven combining techniques to obtain 
higher output power or added reliability at VHF can be 
accomplished with excellent results. Simple matching 
networks and power transistors featuring moderate 
gain capability can produce a level of performance 
comparable to that of a single-stage amplifier using 
a larger, more expensive device. Though not the 
ultimate answer in VHF amplifier design, the splitter! 
combiner method does have distinct advantages over 
designs that brute force the transistors into a parallel 
configuration. Current hogging and reduced imped. 
ance level problems associated with that technique 

are minimized. The exotic materials or expensive 
board layout required to produce a true push·pull 
design operating at VHF again makes combining 
techniques more appealing. 

This 60 W amplifier operates from 150 to 175 MHz 
and features two, low·cost Motorola MRF264 transis· 
tors. These devices are designed for operation at VHF 
and individually produce 30 watts of rated output 
power and 6.0 dB of gain with a 12.5 volt supply. The 
amplifier design makes use of a modified Wilkinson 
combiner technique to produce 60 watts output with a 
drive level of 15 watts. 

FIGURE 1 - Engineering Model 

451 



Design Considerations 
Experimental work with 90° (quadrature) couplers 

proved unsuitable for this application. Generally, they 
are sensitive to mismatch and tend to create instability 
and loss of power when used in an amplifier. In·phase 
(Wilkinson) couplers provide an adequate solution to 
this problem. (Ref: 1) They are relatively insensitive 
to phase changes and offer good bandwidth 
characteristics. 

Printed transmission lines for the frequency of 
interest can become somewhat cumbersome on 
standard circuit board material. Therefore, lumped 
reactances (Ll, 2, 9, 10 and C1, 2, 3,14, 15, 16, Figure 5) 
are used to simulate 70.7 ohm 114 wave transmission 
lines, the main element in the couplers. This approach 
not only conserves board space, but provides a means 
to compensate for small variations in associated 
component values. 

Microstrip techniques are incorporated in the 
amplifier networks to balance RF performance and 
promote reproducibility. Because of the lower circu· 
lating currents and reduced component heating in 
the collector circuitry of low·powered stages, smaller 
capacitors can be used in the networks at that point 
than would be required for a single-ended 60 watt 
design. Separating the major heat producing devices 
to two areas on the heatsink produces a more even 
heat transfer to the ambient air. The combined ampli· 
fier presented here has good harmonic suppression 
(Figure 8). A low·pass filtering effect is noticeable with 
the Wilkinson combiners. 

Construction and Alignment 
A 1:1 photomask of the circuit is provided in Figure 9 

and double-sided G·10 fiberglass board with two·ounce 
copper cladding is recommended for construction. The 
ground points are indicated on the PCB photomask. 

The inductors required for the splitter/combiner 
are constructed by winding the appropriate num ber of 
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turns (closewound) on a temporary 118 inch form and 
then separating the individual turns by 0.020 inch. An 
Xacto number 11 knife blade was used for this purpose 
and provides the correct turns spacing. The 10().ohm 
isolation resistors, Rl and R2, must be noninductive 
and carbon composition resistors proved to be entirely 
adequate. In a properly tuned and balanced amplifier 
these resistors should remain fairly cool to the touch 
during normal operation. Each amplifier and coupler 
input and output port is designed to be terminated into 
5().ohms to facilitate testing into a 5().ohm system. 

A PCB bridge (Figures 3 and 9) is used to carry all 
of the dc feed circuitry. It acts as a continuation of the 
ground plane and enhances circuit stability. Solid 
copper (0.027 inch) and double·sided circuit board 
were used as a construction medium and no difference 
in performance was noted with either material. 

Initial alignment is accomplished by driving the 
amplifier with a 5 watt CW source at approximately 
160 MHz. The applied voltage is set at 12.5 volts and 
the variable capacitors, C4 and C5, are adjusted in an 
alternating manner to provide maximum output power. 
Full drive (15 watts) is then applied and the capacitor 
adjustments are repeated. At this point, the circuitry 
should be delivering 60 watts or more to the 5().ohm 
load with the 15 watts input. After the final adjust· 
ments are made, the isolation resistor temperature in 
either coupler should be relatively cool to the touch and 
the input VSWR should be at a minimum. Best results 
will be obtained if the transistors are beta matched 
(±10%) prior to installing them in the circuit. 

Additional Comments 
This amplifier has been extensively tested for rug· 

gedness and reproducibility. The 15 watt input level 
makes it compatible with the EB·90 two-stage VHF 
amplifier as a driver. Together they form a chain 
requiring 200 mW of input power for a 60 watt or 
more output. 

2. Ernest J. Wilkinson; "An N·Way Hybrid Power 
Divider," PGM TT Transactions, pg. 116-118, 
January, 1960. 



FIGURE 2 - Amplifier Layout - Top View 

FIGURE 3 - Component Placement 

LB +12.5 V Input L7 

a. Output Side b. Base Side 

FIGURE 4 - PCB Bridge Details 
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0 

0 

Cl, C16 - 25 pF Unelco (Jl0l) 
C2, C3 -15 pF CM04 Mica 
C4, C5 - 68 pF Standex 
C6, C7 - Arco 404 Variable 
C8, C9 - 150 pF Standex 
Cl0, Cll - 56 pF Standex 
C12, C13 - 39 pF Standex 
C14, CIS - 15 pF Standex 
C17 - 100 /IF @ 16 V Electrolytic 
C18, C19, C20 - 680 pF Allen 8radley Feedthru 

Ll, L2 -7 Turns #18, 0.125"10 
L3, L4, L5, L6 - Printed Inductors 
L7, L8 - Printed Inductors 
L9, Ll0 -7 Turns #18 AWG, 0.12510 
Lll, L12 -4 Turns #18 AWG, 0.250 lOw/Bead 
01, 02 - MRF264 
RFC1, RFC2 - 0.15 /lH Molded Choke w/Bead, 

Ferroxcube 56-590 65/3B 
RFC3, RFC4 - 4 Ferrite Beads each on #18 AWG 
Rl-l00nl/2WCarbon 
R2 - lOOn 2.0 W Carbon 

FIGURE 5 - Schematic· 60 W Amplifier 
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FIGURE 8 - PCB Photomaster (not full size) 
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Mounting Considerations for 
Motorola RF Power Modules 

INTRODUCTION 
The packaging used for standard Motorola RF Power 

modules consists of a copper flange on which the sub­
strates are soldered and a non-conductive cover which 
is either of a "snap-on" or epoxy attached design. The 
ceramic substrates are either 96% alumina (AI,03)' 
99.5% alumina or 99% Beryllium oxide (BeO). These sub­
strates are attached to the copper flange using either 
lead-tin or indium based soft solders. Typical liquidus 
temperatures of these solders are in the 149°C to 163°C 
range. 

The purpose of this paper is to present the mechanical 
factors which should be considered in mounting these 
modules in equipment. 

MAJOR MOUNTING FACTORS 
There are three major considerations in mounting an 

RF power module. First, the flange is used for the RF 
electrical ground reference. Typical inductance of the 
connection pins used on these modules is about 18 nano­
henries per inch or 1.8 nanohenries per 100 mils. Since 
at 800 MHz a nanohenry has about 5.0 ohms reactance, 
it is easy to see that it would be almost impossible to 
achieve a low reactance ground through the use of pins 
alone. Second, the copper flange provides the thermal 
path for the removal of the heat produced in the active 
devices present in the module. Thus, proper thermal han­
dling must be considered in mounting the module. Fi­
nally, we must consider the mechanical stresses placed 
on the module by the mounting techniques used. Here 
we consider stresses placed on the leads and bending or 
twisting of the mounting flange which would cause ce­
ramic fractures. 

MODULE FLANGE FLATNESS 
During the processing ofthe module, consideration has 

to be given to the various stresses produced. Through 
analysis of these stresses and the materials used we can 
arrive at the maximum allowable flange bending which 
can be tolerated from a mechanical standpoint. In de­
termining the allowable flange flatness conditions, both 
analytical and empirical analyses were performed. 
Agreement between both of these analyses was very 
good. The theoretical analysis was performed by Moto­
rola Government Electronics Group, Mechanical Engi-
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neering Laboratory. GEG was selected to do this work 
because they have done extensive work in the area of 
laminate stresses and have available several proven com­
puter programs which apply directly to this problem. The 
assigned task was to provide an estimate of the maximum 
amount of initial bow (curvature) in the mounting flange 
which would not subsequently cause the ceramic sub­
strate to fracture in the final assembled state. For the 
results of this analysis, see Table 1. 

MOUNTING CONSIDERATIONS 
The theoretical analysis shows that some of the re­

sponsibility for proper mounting rests on the user. Proper 
consideration should be given to the following items: 

1. Flatness of the mounting area must be such that 
the final mounting of the module will not bend the flange 
beyond the limits given in Table 1. 

2. Attention must be given to surface finish and clean­
liness of the mounting surface. For instance, if one 
mounts the module with thermal compound and uses a 
dirty work area which allows 3 to 5 mil particles to be 
present in the compound, a failure mode can be produced. 

3. Another consideration is the movement of material 
around tapped or punched holes. A tapped or punched 
hole which leaves a burr on the mounting surface can 
lead to fail ure modes. 

4. In addition, rigidity of the mounting surface and its 
material should be considered. For instance, the copper 
flange on an aluminum heatsink will result- in a bi­
metallic system which can create a bending problem. 
Consideration of the direction of ribs in a heatsink should 
be made to maximize stiffness in the direction of bending 
or adequate thickness of the heats ink must be provided 
to control bending. 

It is not desirable to mechanically constrain the ends 
of the module so that no "slip" is possible between the 
module flange and its mounting surface. If the ends are 
constrained and the temperature differential between 
the module and the heatsink is significant, there can be 
enough bending of the module flange to break the ce­
ramic. An example calculation is shown below to dem­
onstrate this problem. 

Assume that the ends of the flange are constrained at 
the centerline of the mounting holes. (2.4 inches for 
MHW612A1MHW710/MHW720 series modules). Assume 



that the module is mounted on a machined aluminum 
heatsink. 

Thermal expansion coefficients in /Linchlinchl'C 
Aluminum 25 x 10~6 

Copper 17 x 1O~6 
L = 2.4 inches 

For a reasonable approximation assume the thermally 
induced bending creates an isosceles triangle as shown 
in Figure 1. 

FIGURE 1 

Assume that the module flange changes temperature 
from 25'C to 50'C and the heatsink changes temperature 
from 25'C to 30'C in the same time (obviously the heat 
input to the system comes from the copper flange - more 
on this later). 

Heatsink f::,. L (aluminum) = 2.4" x 5'C x 25 X 1O~6 

= 0.0003" 
Flange f::,. L (copper) = 2.4 x 25'C x 17 x 1O~6 

= 0.00102" 

So length ABC = 2.40102, AB = 1.20051" 
length AC = 2.4003", AD = 1.20015 

And AB" = AD" + BD" 
BD = VAB" - AD" 

So BD = 0.029397 inches which far exceeds the 
allowable flange bend. 

This analysis also points out the advantage of keeping 
the heatsink and the flange at lowest possible temper­
ature differential through the use of thermally conduct­
ing compounds between the surfaces. 

For instance, in the example given above with an alu­
minum/copper system, the copper flange will remain in 
tension at any temperature above the temperature at 
which the system was constrained as long as the tem­
perature ratio between the heatsink and flange is kept 
less than the ratio of the thermal expansion coefficients 
or 25/17. Incidentally, this assumes that the heat input 
source to the system originates in the copper flange. This 
situation points out the folly in some types of tempera­
ture cycling testing. For instance, if the aluminum/cop­
per system is constrained at 25'C and is uniformly heated 
to say 125'C. the copper remains in tension - if the 
system is cooled below 25'C, the copper will go into 
compression. This is exactly the opposite situation ob­
tained when the heat input to the system comes from the 
copper flange. 

The above is a rather elementary analysis of the ther­
mal effects on the module/heatsink system. Many other 
factors are involved such as relative strengths of the 
materials involved, bending of the mounting screws and 
so forth. 
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What should be derived from this discussion is that 
the design of the mounting for the module/heatsink sys­
tem is not a simple one and should not be done in a casual 
manner. 

Our recommendation is that a mock version of the 
system be constructed early in the equipment design and 
thermal cycling performed both with external heat input 
to the system and with heat input to the system from the 
module. This is a very effective "analog computer" and 
direct measurements of the flange/heatsink deflections 
can be made. In this manner the actual expected flange 
excursions can be compared to the recommended maxi­
mum flange bending to determine whether the design is 
adequate. Incidentally, the recommended maximum de­
flection values given in Table 1 have a safety factor of 
approximately 2. That is, the deflection required to crack 
the ceramic is approximately twice the value given. 
Table 1 includes data showing the empirical deflections 
required to fracture a ceramic board in the module. 

5. We strongly recommend the use of a good thermal 
compound between the mounting surface. Sufficient ma­
terial must be used to fill all gaps which may be present. 
We have not been able to create any mechanical problem 
with excess compound as long as there is a path for the 
excess material to escape as the module is tightened down 
with the mounting screws. At this point it should be 
pointed out that unless both the module flange and the 
heatsink were lapped to absolute gauge block flatness, 
there will always be a significant air gap between areas 
of the flange and the heatsink. Since it is obviously not 
practical to achieve a lapped surface of this quality, this 
portion of the mounting problem resolves to one of me­
chanical rather than thermal considerations. As an 
aside, some of the Motorola modules also have machined 
surfaces which may be oxidized to some degree. Infrared 
thermography of the active die was performed to see if 
there was any thermal degradation due to this oxide 
layer and no degradation could be found. This has also 
been found true on lapped discrete transistor flange 
mount parts. 

Several manufacturers of thermally conductive heat­
sink compound exist. We have used products from Wake­
field and Dow Corning with success. 

MOUNTING HARDWARE 
Obviously an ideal mounting hardware scheme would 

be one in which the clamping pressure remained constant 
with age. One way of achieving this is through the use 
of conical washers - one trade name is Belleville wash­
ers. Another possibility is "wavy" washers. Proper se­
lection of mounting hardware and torque is also neces­
sary. We recommend the following mounting hardware 
sizes and torques: 

4-40 3 in/lb 
6-32 5 inllb 
8-32 5 inllb 

TIGHTENING SEQUENCE 
A very important factor to be considered in mounting 

the module is the proper torquing sequence. The person­
nel involved in mounting the modules should be given 
careful instruction and their procedures monitored at 
regular intervals. Since the flanges are punched from a 



roll of material, there can sometimes be a small "roll-up" 
at the end of the mounting flange. If one considers what 
can happen if the mounting hardware were tightened 
completely at one end first, it is easy to see that the other 
end could be "lifted" off the mounting surface well in 
excess of the allowable flange bending tolerance. 

This should be avoided by first lightly alternately 
snubbing down the mounting hardware "finger-tight." 
Next, the hardware can be torqued to its final specifi­
cation again in at least two sequential steps. 

THE IMPORTANCE OF THIS TORQUING 
SEQUENCE CANNOT BE STRESSED 

TOO HIGHLY 

LEADS 
The leads used on the standard Motorola RF Power 

Modules are of either tinned copper, gold or silver plated 
KOVAR, or pure silver strap, typically 5 to 10 mils thick 
and 15 to 20 mils wide. The leads are intended for making 
electrical connections to the modules only and are not 
intended to support the module at any time in the as­
sembly process. Consideration should be given to the 
stresses which may occur during mounting or testing. 
Poorly designed test fixtures can create lead stresses far 
above those encountered in the end-use equipment. It is 
recommended that the fixture be designed so the leads 
are always clamped after the flange is clamped and the 
tolerances be such that an upward force is never placed 

on the leads, even as the fixture wears. Motorola's spec­
ification for lead pull in shear and peel are 90B gm shear 
and 454 gm peel for BeO boards and 1500 gm shear and 
750 gm peel for alumina boards. Modules from PCB6, 90, 
and 91 product lines use BeO boards. Modules from the 
PCB7, PC103 line use one alumina and one BeO board. 
PC41, PC64, and PC104 use alumina boards. 

DE FLUXING 
These modules are designed to be manually soldered 

into an assembly. The modules have a silicone die coat 
over the active die, MOS capacitors, and nichrome re­
sistors. The die coat used will not withstand the normal 
flux removal fluids and severe reliability problems could· 
be incurred if the flux removal fluids or solder fluxes 
penetrate the inside of the module. We recommend a flux 
activity of no more than R or RMA be used. 

CONCLUSION 
In mounting RF power modules, the following major 

areas should be considered: 

1. Heatsink flatness. 
2. Use thermal compound - eliminate dirt or grit in 

the compound or on mounting surfaces, use an ad­
equate amount to fill gaps. 

3. Tighten modules down in an alternate manner 
"finger-tight" before final torquing. 

4. Be careful with defluxing operations. 
5. Consider lead stresses, both in mounting and testing. 

TABLE 1 - Maximum Deflection 

THEORETICAL """EMPIRICAL MAXIMUM RECOMMENDED 
DEFLECTION DEFLECTION TO DEFLECTION COMBINED OUTGOING OA SPEC. (MAX) 
TO BREAK BREAK HEATSINK & FLANGE 

DEVICES LINE MIN AVG CONVEX CONCAVE CONVEX CONCAVE 

MHW709,710 PC41 0.Q15 0.0190 0.0218 0.008 0.010 0.005 0.005 
MHW720 * PC64 0.Q15 0.0190 0.0206 0.008 0.010 0.005 0.005 
MHW720 ** PC64 0.Q11 0.0075 0.0079 0.007 0.0085 0.003 0.005 
MHW720A PC104 0.0190 0.0206 0.008 0.010 0.005 0.005 
MHW612, 613t PC86 0.0025 0.0019 0.0028 0.0015 0.002 0.001 0.002 
MHW612A,613At PC87 0.011 0.0103 0.Q1 08 0.007 0.0085 0.003 0.005 
MHW808 PC90 0.0025 0.0034 0.0015 0.002 0.001 0.002 
MHW808A PC103 0.0065 0.0070 0.0035 0.004 0.0015 0.0025 
MHW820 PC91 0.005 0.0073 0.0084 0.004 0.005 0.002 0.003 

ALL UNITS IN INCHES 

*' PC64 was changed to alumina board - BeO carrier transistor construction similar to PC41 in February, 1983. All product with date code .883 and 
after has this construction. 

H Old construction of PC64 with total 8eO output board. 

*** Measured deflection to break a substrate within 3 to 5 seconds of application of force. 

t These devices will be obsolete on September 30. 1983. Contact Motorola for the current availability and recommended discrete transistor replacement 
lineup. 
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A Digital Video Prototyping System 

By Aldo Giardina B.Eng (Hons) AMIEE 
Consumer Segment 
Motorola Inc., Semiconductor Products Sector 
Geneva 

1, INTRODUCTION 

This Engineering Bulletin describes a Digital Video 
Prototyping System (DVPS) that has been developed 
using Motorola's latest multimedia devices, together 
with a PC-based Field Programmable GateArray (FPGA) 
development system. It is designed to provide a fast 
and effective means of prototyping and demonstrating 
digital video processing functions. A function developed 
in this way may later be fully integrated as an ASIC 
device for use in a consumer end-product. 

The focus here is on the functionality of the 
combination of the above components and 
development system. A Reference Section lists data­
sheets and user manuals containing detailed 
descriptions and information on their use. 

The DVPS has been successfully used to implement 
two T.V. sub-systems, namely, a Picture-In-Picture 
Processor and a 4:3-to-, 6:9 Picture Processor. Those 
sub-systems are described briefly below. 

2. MOTOROLA DEVICES USED 

The DVPS takes advantage of several versatile 
multimedia devices, that are listed below. They are 
used as a means of generating digital data from 
virtually any analogue video source, and providing a 
means of displaying the resulting analogue video 
signals on a consumer T.v. set, after the digital signal 
processing function being prototyped. 

a) MC440" (1). This is the multimedia derivative ofthe 
MC4400' (2). It performs the function of a 
Multistandard (PAL/SECAM/NTSC) Chroma 
Decoder, with a selection between RGB or YUV 
output signals. The MC440' , also generates a T.v. 
line-locked clock for digital sampling and subsequent 
processing of the output signals. The latter function 
is also available separately in the form of the 
MC44'45(3). The output stages of the MC440" 
are designed to drive the inputs of the MC44250 
directly. 
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b) MC44250(4). This triple B-bit Analogue-to-Digital 
Converter provides black-level clamping for either 
RGB orYUV signals. These are typically a.c. coupled 
into the device from the MC440" which provides 
the appropriate clamping pulse, but may equally 
come from any other suitable video source. 

c) MC44200(5). This is the counterpart to the 
MC44250, a triple 8-bit Digital-to-Analogue 
Converter for RGB or YUV. It features differential 
current source outputs designed to drive 75n 
loads with O.7Vpp. 

Other devices used include the MC68HC05B6(6) 
(8-bit MCU with onboard EEPROM), the MC, 4576(7) 
(Dual Video OpAmp) and some standard CMOS 
logic. 



3. FPGA DEVELOPMENT SYSTEM 

The digital processing element of the DVPS consists 
of one or more FPGA devices. These comprise of user 
Configurable Logic Blocks (CLB's) and I/O Blocks 
(lOB's) that, together with programmable interconnect, 
allow most memory control and simple digital video 
processing circuits to be implemented successfully. 
The configuration data is stored in internal RAM. The 
reprogrammable nature of FPGA's makes debugging 
and development a relatively straightforward process. 

The logic capacity of the FPGA devices ranges from 
1,200 up to 20,000 equivalent gates, with between 58 
and 240 user-programmable I/O's, which is ample for 
most applications. Their toggle frequency ranges 
between 50 and 125M Hz, and the devices come in a 
range of package types. 

The front-end to the development system is a 
Schematic Capture Package(S), together with the FPGA 
Library & Interface running on a Personal Computer. 
Schematic files are processed by the FPGA 

Development System(9) to produce a graphical file 
representing the configuration of the FPGA . This file 
may be manually edited for routing optimisation before 
the final binary file is generated. Programming of the 
FPGA devices may be carried out in one of two ways: 

a) The binary file may be directly downloaded from the 
host computer serial port to a powered device in a 
matter of seconds. This is the most appropriate for 
the debugging and development stage, as it turns 
circuit design changes into a quick and easy process 
of device reconfiguration. It may be as simple as 
making an alteration to the schematic diagram and 
recompiling the design. As long as the device pin­
out is unaltered, no rewiring is necessary. 

b) When a design has matured and no further changes 
are expected, the binary file may be programmed 
into a serial or parallel PROM or EPROM. This is 
addressed by the FPGA device itself to perform 
automatic self-configuration of its RAM as part of 
the power-up sequence. 

4. DVPS OVERVIEW 

Figure 1 is a block diagram of the DVPS environment. 
The rack connects together the input card, the digital 
card(s) and the output card through a backplane. The 
external controller board also connects to the backplane 
to perform initialisation and control of the input and 

output cards. The PC download cable connection is 
made directly to the digital card(s) for configuration of 
the FPGA(s). A Video source is connected to the front 
of the input card; the outputs for connection to the final 
display are taken from the front of the output card. 

Figure 1. Digital Video Prototyping System 
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The following three sections describe each card and 
its functions in more detail. Reference should be 

made to the appropriate device data-sheet for more 
detail on application circuit diagrams. 

5. INPUT CARD 

MC44011 
VIDEO 

PROCESSOR 
& CLKPLL 

IIC-BUS 

MC44250 
TRIPLE 

VIDEOADC 

a: 

""""8",,,,~~ 
~ .... ~~ 

8 
"""' .... ~w 

~ a. 
ClK·IN ~ 

~--~~----~------~ ~ 
III 

~----------~~~~~--------------~ 
ClK·OUT 

Figure 2. Input Card 

The input card accepts various types of video signal 
sources from which it generates three byte-wide data 
streams. A T.V. line-locked clock of up to 42MHz is 
also generated on this card for use in digital processing 
of the data. Refer to figure 2 for a diagram of the card. 

Four BNC connectors atthe front ofthe card constitute 
the inputs. The first accepts composite video of any 
standard. or a composite sync signal accompanied by 
either RGB or YUV signals on the other three inputs. 
The desired input configuration is selectable through 
jumper settings on the card. These signals are 
processed by the MC44011 to perform chroma 
decoding and RGB matrixing where necessary. 

The T.V. line-sync pulse from the signal source acts as 
a reference for the line-locked PLL that synthesises 
the clock on-board the MC44011. After suitable 
buffering. the clock is output from this card for division 
down to line frequency by a counter in the FPGA on 
the digital card. A T.v. line-rate Signal is returned from 
that card to the phase/frequency comparator to 
complete the loop in the MC44011. The exact 
frequency of the synthesised clock is. therefore. 
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determined by the division ratio set in the FPGA and 
is always an integral multiple ofthe T. V. line frequency. 
Normally this would be chosen to be 27MHz. so that 
the video signals are sampled at 13.5MHz. as 
recommended by CCIR Rec. 601(101. 

The three signals from the MC44011 are a.c. coupled 
to the MC44250 inputs for black level clamping to the 
appropriate levels before conversion. YUV or RGB 
clamping modes are selectable through a jumper 
setting. The RGB-mode clamps the back-porch of the 
signals to the bottom of the ADC input ranges. while 
the YUV-mode clamps the U and V signals to the 
middle of the ranges. leaving the Y clamped to the 
bottom of its ADC range. A burst-gate pulse is 
generated by the MC440 11 to activate the d.c. clamps 
in the MC44250 at the correct time. 

The three 8-bit data streams resulting from the 
conversion are registered and buffered before being 
output to the digital card via the backplane. 

Further details and circuit diagrams are given in an 
application note on video capture(111. 



6. OUTPUT CARD 
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Figure 3. Output Card 

The output card. illustrated in figure 3. receives three 
8-bit data streams from the digital card. Its purpose is 
to convert these into the analogue domain for display 
on a consumer T.v. or RGB monitor. A line-locked 
clock is also available from this card for applications 
where the capture and display clock rates are potentially 
different and/or unrelated. 

Access to the output signals is made via a PERITEL 
(SCART) Connection!'2) providing RGB signals. 
together with a fast-commutate or switching signal. 
The MC44011 device on this card may also be used to 
perform the matrixing of YUV signals to RGB. if 
needed. Configuration of the card for the signal types 
being processed is set by jumpers. as on the input 
card. When connected to a T.V. set. the composite 
video signal coming from the receiver via the PERITEL 
connection may be used as a reference to which the 
display clock synthesised by the local MC44011 may 
be locked. This video signal is also output onto a BNC 
connector for use as a source for the input card. if the 
application requires it. 
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The clock synthesis PLL on this card uses the same 
principle as on the input card. using a separate counter 
in the FPGA on the digital card. if the division ratio or 
line frequency reference is different from that used by 
the former. 

Data from the backplane is first registered by tri-state 
buffers before being input into the MC44200 for 
conversion. In the YUV-mode. the m.s.b.'s of the U 
and V data lines are pulled-up by resistors while all 
other bits are pulled-downatthe inputs of the converter. 
This ensures that the video of any standard. or a 
composite sync signal accompanied by either RGB or 
YUV signals on the analogue outputs from the DAC·s. 
are correctly set for black-level when the input buffers 
are set in tri-state mode. The MC44011 may then 
clamp these d.c. levels from the MC44200 and hence 
provide the right levels for the receiver to display true 
black. 

The RGB signals from the MC44011 are buffered to 
drive the PERITEL socket with O.7Vpp at 750. using 
MC14576 Dual Video OpAmps. 



7. DIGITAL CARD 
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Figure 4. Digital Card 

At the centre of the DVPS is the digital card. There may 
be one or several of these. between the input card and 
the output card. depending on the complexity of the 
digital processing required by the application being 
implemented. The FPGA currently employed in the 
DVPS is the Xilinx XC3042PC84-1 00 device. This is a 
4.200 equivalent-gate FPGA with a toggle rate of 
100MHz. in an 84-pin PLCC package. 

In its simplest form the digital card consists of the 
FPGA device and the means to load its configuration 
RAM. This entails provision for a parallel or serial 
PROM and/or a connection for the PC serial download 
cable. 
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Invariably. the processing on the digital card involves 
video data storage that requires memory external to 
the FPGA. Therefore. FIFO or Dual Port RAM devices 
would normally also be included on this card. close to 
the FPGAdevice. Figure 4 depicts a typical configuration 
for this card. 

As the function of the I/O pins is programmable and 
application dependent. connections to and from the 
FPGA pins are made using wire-wrap. once the pinout 
has been defined. 



8. RACK AND BACKPLANE 

A 3U-high rack houses the DVPS, providing the 
mechanical structure for, and the interconnections 
between, the input card, the digital card(s) and the 
output card. All the cards described earlier are 
constructed in the form of extended-eurocards 
(220mm x 1 OOmm) and use 64-way edge connectors 
for plugging into the wire-wrapped DVPS backplane. 

Here, two external5V power supply units are used for 
the digital and analogue sections respectively. All 
power and ground lines are kept separate on the 
backplane and on the input and output cards. One star­
point connection is made between the grounds at the 
power supplies to avoid loops between the cards in 
the rack. 

9. CONTROLLER BOARD 

The two MC44011 devices on the input and output 
cards must be initialised and controlled via software 
using the two wire 12C-Bus Protocol(131. For this 
purpose, an MCU Controller Board(141 built around 
the MC68HC05B6 8-bit microcontroller, is used with 
the DVPS. 

This is a stand-alone board with a built-in keyboard and 
an 8-digit 7-segment display. It operates in a pseudo 
12C-Bus mode of communication with the two devices, 
using three wires to the DVPS backplane. This is 

necessary because the two identical MC44011 
devices, by definition, have the same 12C-Busaddress, 
so that although they may share the same clock, two 
separate data lines are needed to maintain separate 
control using the 12C-Bus protocol from a single 
controller board. 

The controller board can also be used to manage the 
vertical picture timing control, as the processing 
requirements at T.V. line rate lie within the limits ofthe 
4MHzMCU. 

10. SYSTEM IMPLEMENTAnON EXAMPLES 

As mentioned in the introduction, the DVPS has 
proved to be useful as a flexible prototyping platform 
for digital video processing functions. This section wi" 
briefly describe two projects in which the DVPS was 
successfully employed to implement functions for 
demonstration to equipment manufacturers. 

8) Picture-In-Picture Processor 

Three digital cards were used together with the input 
card and the output card to emulate a multistandard 
PI P function. The YUV samples coming from the input 
card are standard independent by virtue of the 
MC440'1. 

The first digital card contains an FPGA to perform data 
reduction by multiplexing the U and V samples as a 
means of subsamplingthese channels and so reducing 
the data bandwidth by 33%. This takes advantage of 
the fact that the colour-difference signals each occupy 
only half the bandwidth of the luminance signal. The 
two resulting byte-wide data streams (y, UN) are then 
decimated by a factor of nine, using a two-dimensional 
median-filter. The output data represents the inserted 
picture but at one third the original height and width. 
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The second digital card contains dual port video-RAM 
which stores the data received from the first digital 
card. The FPGA on this card generates all the control 
signals necessary to access the memory, as well as 
performing the divider function for the PLL's on the 
input and output cards. Its function is to write the data 
into the memory at 4.5MsampleS/s using a clock that 
is locked to the inserted (PIP) channel, and reading it 
out again at 13.5MsampleS/s using a clock that is 
locked to the background (MAIN) channel. These two 
channels may, of course, be asynchronous to each 
other, hence the requirement of the two separate PLL 
clock sources. 

Data read out of the memory is output to the third 
digital card. Here, the FPGA demultiplexes the colour­
difference samples and interpolates them to 
reconstitute three byte-wide data streams together 
with the luminance samples. The YUV data is then 
converted to analogue signals and matrixed to RGB by 
the output card. 

Here, the MCU controller board was successfully 
used to perform control of the two MC44011 devices, 
while also providing vertical timing control and row­
addressing for the video memory accesses. 



b) 4:3-to-16:9 Picture Processor 

A single digital card between the input card and the 
output card was sufficient to implement a processor 
to correctly display a 4:3 aspect-ratio picture on a 16:9 
aspect-ratio T.V. tube. Here too, the processor is 
multi standard by virtue of the MC44011 on the input 
card. 

The geometric correction is achieved by writing video 
data into FI FO memories at 1 0.125M Hz and reading 
outthe data at 13. 5MHz. As the read and write clocks 
are essentially related and both locked to the video 
derived from the T.V. receiver, only one PLL divider 
needs to be implemented in the FPGA. All the clocks 

used are therefore derived from the PLL' s fundamental 
clock frequency of 40.5MHz. 

Using the same principle as in the previous example, 
the two colour-difference data streams are multiplexed 
into one by the FPGA before being written into the 
memories along with the luminance samples. The 
MC44140(15) PAL and SECAM delay-line functions 
are also performed by this prototype using a further 
FIFO memory, hence replacing the former device in a 
system using the MC44001. To this end, the 
multiplexed colour-difference samples are processed 
across consecutive pairs of lines, before demultiplexing 
into separate data streams again and being output for 
conversion and matrixing by the output card. 

11. REFERENCES 

Copies of the Motorola data-sheets and application note listed below can be obtained from Motorola Product 
Marketing, 31023 Toulouse Cedex, France. 

(1) MC44011 Chroma Processor & Pixel Clock Generator - MC44011 Advance Information 

(2) MC44001 Chroma And Deflection Processor - MC44000 Product Preview 

(3) MC44145 Pixel Clock Generator - MC44145 Product Preview 

(4) MC44250 Triple Video ADC - MC44250/D Data Sheet 

(5) MC44200 Triple Video DAC - MC44200 Product Preview 

(6) MC68HC05B6 B-bit Microcontroller - MC68HC05B6/D Data Sheet 

(7) MC14576 Dual Video Ol>'amp - MC14576 Advance Information 

(8) OrCAD/SDT Schematic Capture - User Manual 
(9) XILINX FPGA Development System - User Manual 

(10) CCIR Recommendation 601 - Specification of Standard 

(11) Video Capture Applications of the MC4401 0 & MC44250 - Application Note 

(12) Peri tel Connection - Specification of Standard 

(13) Philips 12C-bus Protocol - Specification of Standard 
(14) MCU Controller Board - MC44CTRBDOl 0 
(15) MC44140 Digital Delay-line - MC44140 Advance Information 
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AN10511D 

BR3471D 

BR470/D 

BR475/D 

BR904/D 

BR923/D 

BR924/D 

BR1130/D 

BR1305/D 

BR1330/D 

BR1332/D 

BR1333/D 

BR1334/D 

BR1409/D 

BR1415/D 

BR1418/D 

BR1429/D 

BRE378/D 

BRE504/D 

Dl110/D 

DL111/D 

Dl122/D 

Dl126/D 

Dl128/D 

DL140/D 

Dl145/D 

Dl148/D 

Dl151/D 

Dl41 OlD 

Dl4111D 

Dl414/D 

HB205/D 

SG46/D 

SG138/D 

SG140/D 

SG169/D 

SG270/D 

SG365/D 

SG366/D 

Additional Information 

Additional information relevant to Radio, RF and Video applications 
may be found in the following Motorola documents, available through 

your Franchised Distributor by quoting the appropriate reference. 

Transmission Line Effects in PCB Applications 

Bipolar logic Circuits - Quality & Reliability 

Motorola Discretes - The Complete Solution (Rev. 1) 

Advanced logic Functions 

Mll·Processed Devices: Technical Data 

Communications, Power & Signal Technologies Group, Reliability Audit Report, 
September-December 1993 

Military Analog Lineup 

Coming Through loud and Clear 

Linear Integrated Circuits: New Product Calendar, January 1994 

ECLinPS Lite Single Gate ECl Devices 

logic Integrated Circuits Division: New Product Calendar - Second Quarter, 1994 

low Skew Clock Drivers & Programmable Delay Circuits (Rev. 3) 

High Performance Frequency Control Products (Rev. 1) 

ECl300 logic Array 

Military Telecom Special Functions 

Military Analog, Telecom and Special Functions Fact Sheet, June 1992 

Wideband Linear Amplifiers - CATV, CRT Drivers, General Purpose 

UnitPAK Packaging 

Electronic Tuning Address Systems 

RF Device Data (Rev. 5, 1994) 

Bipolar Power Transistor Data (Rev. 6, 1992) 

MECl Device Data (Rev. 5, 1993) 

Small-Signal Transistors, FETs and Diodes Device Data (Rev. 4) 

Linear and Interface Integrated Circuits (2 volume set, Rev. 4, 1993) 

High Performance ECl Data - ECLinPS and ECLinPS Lite (Rev. 2, 1993) 

Military MECl Family Data 

Discrete Military Operations Data 

Rectifier Device Data (Rev. 1. Replaces DL125/D) 

Power Applications Manual (Rev. 1) 

Communications Applications Manual (Rev. 1) 

FET Applications Manual 

MECl System Design Handbook (Rev. 1) 

RF Products Selector Guide & Cross Reference - 1994 (Rev. 11, 1994) 

Commercial Plus and Mil/Aero Application IC & Discrete Selector Guide 
(Rev. 5, 1993) 

SCANSWITCH Selector Guide (Rev. 1, 1990) 

Mixed Signal Solutions from MOS Digital-Analog Integrated Circuits Division 
- Quarter 1, 1994 

Discrete Semiconductor Cross Reference Guide -1992 

low Skew Clock Drivers and Programmable Delay Circuits (Rev. 2) 

TTL, ECl, CMOS and Special logic Circuits Selector Guide (Rev. 3, 1993) 
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SG37010 

SGE112ID 

T8326/D 

Additional Information (continued) 

Discrete Surface Mount Selector Guide (Rev. 1, 1994) 

Cross Reference for NEC-to-Motorola RF Transistors 

Radio Frequency Transistors: Principles and Practical Applications 
(Dye and Granberg, 1993) 
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