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Application Note AN-12 

Designing High Frequency Phase - Locked 

Loop Carrier-Detector Circuits 
rNTRODUCTION 

The phase-locked loop (PLL) system can be converted to a frequency-selective tone- or carrier-detection system by the addition of 

a "quadrature detector" section to the basic PLL. Such a carrier-detect system serves as a "lock indicator" fo r the PLL and pro­

duces a logic signal at its output when there is a tone or a carrier signal present within the lock range of the phase-locked loop. 

A number of monolithic tone-decoder IC's have been developed which implement the quadrature-detection technique for detec­

tion of low frequency tones, such as those used for telephone dialing o r ultrasonic remote control. However. because of the par­

ticular PLL designs used in these monolithic detectors, their applications are limited to frequencies below 100 kH.t. This applica­

tion note describes a circuit approach, using the XR-2 IO or the X R-2 15 high frequency PLL's, along with the XR-2228 monolithic 

multiplier/detector. which extends phase-locked loop tone detection capabilities to frequencies up to 20 MHz. 

PRINCIPLE OF OPERATION 

The basic block diagram of a phase-locked loop tone detector 

system is shown in Figure I . Such a detector system produces 

a logic-level signal at its output, when the PLL is locked on an 

input signal. It is made up of two main sections: 

I . A PLL section which synchronizes or "locks" on the 

input signal. 

2. A "quadrature detector" section made up of a phase­

detector, a low-pass filter and a voltage-comparator. 

Its principle of operation can be brieny described as follows: 

When the PLL is locked on an input signal, its voltage­

controlled oscillator (VCO) section produces a set of input 

signals, <1>1 and ii> 1, which are 90° apart in phase. but have the 

same frequency as the input signal to be detected. One of 

these signals, <t> t, is used to drive the PLL phase detector; the 

other ou tput, which is called the "quadrature output" is used 

to drive a "quadrature phase-detector", as shown in Figure I . 

If the PLL is locked on the input signal, then the input signal 

and the VCO signal applied to the quadrature phase-detector 

are coherent in phase and frequency. This causes a DC level 

shift at the low-pass fil tered output of the quadrature phase­

detector and makes the voltage comparator ou tput change its 

output logic state. Thus, an output logic signal is produced 

indicating the "lock" condition of the Pu.:. 

This type of tone detection technique 1s a special case of the 

"synchronous AM detection" principle, discussed in detail in 

Exar's Application ote AN-I 3. The key difference between 

the tone detection and the synchronous AM detection appli­

cation is that, in the case of the tone detection, a binary logic 

output is produced, corresponding to the "presence" or the 

"absence" of the desired input tone, rather than an analog 

demodulated signal. 
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XR-2 10 AND XR-215 HIGH FREQUENCY PLL 

CIRCUITS 

The XR2 l O and the XR-215 are high frequency phase-locked 

loop detector and demodulator circuits. Their functional 

block diagrams are shown in Figures 2 and 3. Both circuits are 

packaged in 16-pin dual-in-line packages and contain high 

frequency VCO and phase-detec tor sections. The XR-215 

chip also contains an operational amplifier. In the case of 

the XR-210, this op amp section is replaced by a high-gain 

voltage comparator which drives an open-collector type logic 

output. The XR-210 is particularly intended for FSK demodu­

lation and can operate up to 20 MHz. The XR-215 is designed 

for linear FM detec tion and is suitable for frequencies up to 

35 MHz. Except for the frequency capability of the VCO, 

the oscillator and the phase-comparator sections of both cir­

cuits are quite similar. 
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Figure I . Functional Block Diagram of a PLL Tone- or 

Carrier-Detector System 
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Figure 2. Funct ional Block Diagram of XR-2 10 High­
Frequency FSK Modulator/ Demodulator 
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Figure 3. Functional Block Diagram of XR-2 l 5 High­
Frequency Phase-Locked Loop 

llie VC'O sc<.:tion or the XR-210 or the XR-215 docs not pro­
\1dc a ,;eparate --quadrature output". whid1 is 90° phase­
shifted with respect to the basi<.: VC-O output (pin 15 ). I low­
evcr. the triangular output available across the V('O timing 
<.:apa<.:11or 1crm1nals (pins 13 and 1-1) can serve as such a quad­
rature output ii it 1s amplified and ··sliced" externally. as 
shown m the 11mmg diagram or Figure 4. 

XR-2228 MULTIPLIER/ DETECTOR CIRCUIT 

TI1c '<R-2228 i!> comprised of a rour-quadrant multiplier and 
a high-gain up amp on a single monolithic chip. II 1~ packaged 
in a I 6-pin tlual-1n-line pa<.:kage and has the functional block 
diagram shown Ill Figure 5. It contains independent and fully 
differential X- and Y-inputs which makes It easy to inte1face 
wirh rhc XR-210 or rhe XR-215 1ype PLL circuit for carrier­
dete<.:11011 applu.:atwns. In the tone- or <.:arrier-detect applica-
11011. rhe 111ul1ipl1er se1:11nn of the XR-2228 is used as the 
"quad1atu1e pha!>e-detc1:to1" se<.:tion of the blo<.:k diagram of 

Figure I . ll1e op amp is used as a high-gain voltage comparator 
which converts the differential voltage level changes at the 
multiplier ou tputs in to logic level outpu t signals. 
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Figure 4. Timing Diagram of VCO Output Waveforms 
Available from XR-210 or XR-215 High-Frequency 
PLL Circuits 
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Figure 5. Functional Block Diagram of XR-2228 Multiplcr/ 
Detector 

CIRCUIT OPERATIO 

figure (1 shows the generali1.ed circuit rnnne<.:tion nf the 
XR-2228. along with either the XR-2 10 ur the XR-215 high 
frequency PLL IC. fo1 tone- ur carrier-detection applit:ation. 
Since the external conne<.:tions for the X R-210 or the X R-215 
are rhc same as those given in their respective data sheets. only 
the cxte1nal circuitry assot:iated with the XR-2228 is shown 
in the 11gure. The circuit. as shown. can operate with ,l single 
power supply. from I OV to 20V. or with split supplies in the 
range or !SV to ± I0V. In the case of split power supplies. the 
resistor string biasing the inpu1 1erminals of the XR-2~2X is 
not necessar} and <.:.1n be eliminated by connecting node A or 
Figure 6 10 ground. 

Tilc inp111 signal is AC coupled. with separate coupling capaci­
tors. both to the input uf the particular PLL circuit to be used. 
and 10 the X-input terminal (pin 2) of the XR-2228. 
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The Y-inputs (pins 4 and 5) are driven differentially from the 
VCO timing capacitor signal (available at pins 13 and 14 of 
the PLL IC) which is AC coupled to pins 4 and 5 of the 
XR-2228 multiplier input. TI1e multiplier input stage "slices" 
this signal to produce the quadrature frequency waveform 
shown in Figure 4(c). 

TI1e differential DC voltage level at the multiplier output ter­
minals (pins I and 6) is offset by means of an external resistor. 
RA, as shown in Figure 6. This initial offset causes the op alllp 
output of the XR-2:!n to settle to a known s1a1e when there 
is no carrier or tone signal to be detected. With the op amp 
input connections as shown in Figure 6. the op amp output 
(pin 11) would be at a "low" state when the PLL is not locked 
on a tone, and goes to a "high" state (i.e .. near +Vee) when 
the PLL circuit is "locked" on to an input tone. TI1e output 
logic polarity can be reversed simply by reversing the op amp 
inputs. 

The filler capacitor, CA. connected across pins I and 16 of the 
multiplier outputs. serves as the post-detection low-pass filter 
(Block 5 of Figure I). TI1e time constant of this filter is equal 
to (CA Rs) where Rs ( ""8kU) is the internal resistance of 
the IC at pins I and 16. The value of CA is chosen to provide 
a compromise between the response time and the spurious 
noise rejection characteristics of the circuit: increasing CA 
improves the noise rejection characteristics of the circuit. but 
slows down the response time. 

The detection threshold (i.e .. lllinilllum detectable input sig-
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nal amplitude) varies inversely with the multiplier gain-setting 
resistor Rx. Figure 7 shows the typical detectable signal level, 
as a function of Rx, with the output offset resistor, RA, equal 
to 10 kfl. Note that the minimum detectable input signal, 
with Rx = 0, is approximately 100 mV, rms. 
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Figure 7. Minimum Detectable Input Carrier Level. as a 
Function of Multiplier Gain S>!tting Resistor. Rx. 
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Figure 6. Recommended Circuit Connection of the XR-2228 with the XR-210 or lhe XR-215 High-Frequency Phase-Locked Loops 
for Tone- or Carrier-Detector Application 
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Application Note AN-13 

Frequency-Selective AM Detection Using 
Monolithic Phase - Locked Loops 

INTRODUCTION 

1l1is application note describes the use of monolithic phase-locked loop (PLL) circuits in detection of ampli111<lc-111ot.lula1c<l (J\M) 
signals. TI1e detection capabilities of a PLL system. which is a frequency-selective FM <lemo<lulator. can be c:-.1endl•d 11.> 1."0\l'1 AM 
signals simply by the addition of an analog multiplier (or mixer) and a low-pass filter 10 the basi..- phase-lod,ed lmip. TI11s 1cd1-
nique of AM demodula1ion. which is called "synchronous AM de1ec1io11··. offers s1gnifkan1 pcrforrnancc at.11an1;1gcs \lll' 1 .:0111cn-
1ional "peak-detector" type AM demodulators. in tenns of its dynamic range and noise .:h:iracterist ics. 

This application note outlines some of the fundamental principles or synchronous AM detc.:101 s. ;ind gives dc,ign c,amplcs 11~111g 
the XR-2228 multiplier/detector IC in conjunction with the XR-21 'i and the XR-2212 111onolithi1: PLL l'ircui1s. 

PRINCIPLE OF OPERA TIO 

1l1e phase-locked loop AM detector circui ts operate on the so­
called ··coherent AM detection·· principle. where the ampli-
1ude modulated input signal is mixed w11h an unmodulated 
··coherent" carrier signal, and then low-pass filtered to pro­
duce the desired demodulated output signal. Figure I gives a 
simplified block diagram of such a detector system. 

The amplitude-modulated input signal can be described by an 
expression of the fom1: 

lnpu1 Signal= V111(t) cos w0 1 

where V111(1) is the modulated amplitude or the input signal 
and w0 is the input signal frequency expressed in radians. 
If this signal is linearly multiplied with an 11nmod11/a1ed signal 
which has the same frequency and phase as the input signal. 
then the outpu1 of the multiplier, Vo(t). is a composite signal 
of the form: 

Vo(t) = KoVm(t) f I + ms (2 Wot)) 

where Ko is the gain of the multiplier circuit. If the above 
signal is then passed through a low-pass filter. to eliminate the 
double-frequency term, the resulting output signal is: 

V0 u1 = Output Signal= Ko Vm(t) 

which corresponds to the detected AM in formation. 

The phase-locked loop AM detectors also operate on :i s11111-

lar principle: the PLL is made 10 --Jock"' on the carrier fre­
quency of the input AM signal ; then the VCO output of the 
PLL will regenerate the unmodulated coherent carrier signal 
necessary for detection. When this signal is mixed with the 
input AM signal and the resulting composite signal is passed 
through a low-pass filter. one obtains the demodulated output. 
Figure 2. gives a block diagram of such an AM detector sys­
tem. Compared to the basic synchronous AM detector system 

of Figure I. the phase-locked loop AM detector of Figure 2, 
also has one added feature: the output of the PLL control 
voltage (i.e .. output of the PLL low-pass filter) can be used 
as an FM detector or a frequency discriminator. Thus, such a 
system is capable of simultaneous AM and FM detection. In 
other words. the frequency and the amplitude modulation 
in format ion present on the input signal can be separately and 
si111ulra11eously demodulated. TI1e particular design and 
application examples given in this application note ~all into 
this category. 
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Figure I . Block Diagram of a Synchronous AM Detector 
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Figure 2. The Basic Phase-Locked Loop AM Detector 
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XR-2212 AND XR-2228 MONOLITHIC CIRCUITS 
The XR-2212 monolithic PLL is made up of an input pre­
ampli lier, a phase-detector, a high-gain differential ampli• 
lier and a stable voltage-controlled oscillator (VCO) as shown 
in Figure 3. The key feature of the XR-2212 PLL is the tem• 
perature stability and the frequency accuracy of its V('O 
section ; it offers 20 ppmr c typical temperature stability 
and a frequency accuracy of ±1% for an external RC setting. 
The oscillator section of the XR-2212 contains a separate 
"quadrature output'' terminal (pin 15) which is particularly 
intended for interfacing with a synchronous AM detector 
such as the XR-2228. 

The XR-2228 multiplier/detector IC is specifically intended 
as a basic building block for synchronous AM detection. It 
contains a four-quadran t analog multiplier and a high-gain 
op amp on the same chip. as shown in the functional block 
diagram of Figure 4. 

Yet> 

VOt Uc.t U-->--< 
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Figure 3. Functional Block Diagram of XR-2212 Precision 
Phase-Locked Loop 

XR-2 1 S HIGH FREQUENCY PHASE-LOCKED 
LOOP 
TI1e XR-215 is a high frequency phase-locked loop circuit 
capable of operating with input signal frequencies up 10 
35 MHz. It is comprised of a high frequency VCO. a phase­
detector and an op amp section, as shown in the block diagram 
of Figure S. 

Unlike the XR-22 12 PLL. the VCO section of the XR-215 
does not have a separate "quadrature output" terminal. How­
ever, such a quadrature oscillator signal can be obtained by 
amplifying and "slicing" 1he triangle waveform available across 
the timing capacitor (pins 13 and 14) of lhe XR-2 IS oscil­
la1or section. Figure 6, shows the relative phase relationship 
of these oscillator waveforms available from the circuit. The 
desired quadrature output signal (Curve C of Figure 6) can 
be obtained by directly connecting one pair of the differ­
ential inputs of the X R-2228 directly across the timing capa­
citor 1em1inals of the XR-215. 
AM /FM DETECTION USING THE XR-22 12 PLL 

Figure 7, shows a generalized circuit connection diagram for a 
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Figure 4. Functional Block Diagram of XR-2228 Multiplier/ 
Detector IC 
two-chip AM and FM de1ection system. utilizing Lhe XR-2212 
PLL and the XR-2228 multiplier/detector. TI1e XR-2212 sec­
tion serves as the basic FM detector. The quadrature ou1pu1 
of its VCO (pin 15) is AC coupled 10 the Y-input of the 
XR-2228. 

TI1c Y-input of the XR-2228 is operated in its switching mode , 
with the Y-gain terminals (pins 6 and 7) shorted logether. The 
AM and/or FM signal is simultaneously applied to both circuits 
through coupling capacitors; and all the multiplier inputs are 
DC biased from the internal reference output of the XR-2212 
(pin 11 ). TI1e output of the multiplier, al pin 16. is A(' cou­
pled 10 the op amp section of the XR-2228. which serves as 
the post-detection amplifier for the demodulated AM signal. 
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Figure 5. Functional Diagram of XR-215 High-Frequency 
Phase-Locked Loop 

TI1e circuit configura1ion shown in Figure 7. can operate with 
a single power supply, over the supply voltage range. of l0V 
to 20V. Its operation or perfom1ance can be tlli!ored for any 
particular AM and FM detection application by the choice 
of external components shown in the figure. over a carrier 
frequency band of I kl l l 10 300 kHz. The functions of these 
external components arc as follows: 
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Figure 6. Timing Diagrams of VCO Output Waveforms from 
XR-2 15 Monolithic Phase-Locked Loop 

a) Ro and Co set the VCO center frequency for the XR-22 I 2 
PLL circuit. The center frequency, fo is given as: 

f - I 
o- RoCo 

The VCO frequency fo is chosen to be equal to the carrier 
frequency of the input signal. Ro is normally chosen to be 
in the range of JO kn to 100 kQ. This choice is arbitrary . 
For most applications Ro ::::: 20 kQ is recommended. Once 
fo is given and Ro is chosen . then Co can be calculated 
from the above equation. 

b) RJ determines the tracking bandwidth of the PLL. For 
a required tracking bandwidth , ~ f (see Figure 9 or 
XR-22 12 data sheet) and fo. R1 can be calculated as: 

R1 = Ro(1) 
This tracking bandwidth. "1f. is the band of frequencies in 
the vicinity of fo. over which the PLL can maintain lock. 
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Cc 
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0 1 

13 ,. 
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c) CI sets the loop-d.imping r,H:tor for the PLL. For most 
applications. C't is d1osen 10 be equal to one-half of Co 

d) R2 and C2 fom1 a low-pass filter fo, the detected 1-M J;ig. 
naJ. The 3-dB frequendng. f2. of this low-p.iss filtc, is: 

f1 = I 
- 21rR2C2 

om1all y. f2 is d1osen to be equal 10 the demodulated 
FM information bandwidth. 

e) Re- and RFJ se t the gain of the op amp ~cc111m uf the 
XR-2212 as: 

i\y = ( +Rf· I) 
\ Rt 

TI1is op amp section serves as the post-de1ec1ion a111plilll'1 
for the demodulated FM signals. 

f) Rx sets the multiplier gain for the X-inp111 and R1 2 sets 
the gain or the op amp sec tion of the XR-222X. Thu~. 
the demodulated AM signal output swing. V 0 ut . frn a 
given input signal or peak amplitude or VM and n111du­
la t ion index of 111 (0 ,;;;; 111 ,;;;: I ) can be appro,imated .is. 

V JvM)m ( RF.:) 
uut 4 Rx 

Thus. for example. a 100 111V peak input sig11.1I with 30'; 
AM modula tion (111 = 0.3) will give a demodulated m11pt11 
of 150 111V peak. with Rt- 2 = 100 h.S! and Rx = S kU. at 
pin I I or the X R-2228. 

g) C'J. in conjunction with the S U2 internal impcda111:c of 
the multiplier outpLH (pin 16) erves as the low-pas, pm1-
de1ec.:tion fil 1er for the demodulated AM sign:11. 

For further explanation and description or the ~y~1em design 
equations. the re.ider is referred 10 the XR-22 12 and the 
X R-2 228 data sheets. 
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Figure 7. A Two-Chip AM/ FM Detecto r System Using the XR-2212 Phase-Locked Loop and the XR-2228 Multi1,tier/ Detector 
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Design Example: Design an AM demodulator for 100 kHz 
carrier frequency with a detection (tracking) bandwidth of 
±4%. The demodulated information bandwidth is 3 kHz and 
an output level of 1 volt peak is required for a I volt peak 
input with 30% modulation. 

Using the circuit of Figure 7, one proceeds as follows: Since 
FM detection is not required in this example, components 
R2. C2, Re and RF1 are not essential to circuit operation . 
R2 and Re can be short-circuited, C2 and RF! can be left 
open-circuited. The rest of the component values are calcu­
lated as follows: 

Step I) Set fo = I 00 kHl by choosing Ro = 20 H2 and cal­
culating Co from paragraph (a) above: 

1 
co= Roro = 500 pF 

Step 2) Determine RI to set tracking bandwid tl1 to ±4%, 
from paragraph (b): R1 = 500 kn 

Step 3) Calculate C1: C1 ::::: Co/2::::: 250 pF 

Step 4) From paragraph (f). calculate the value of Rx and 
RF'>. For a typical choice of Rx = 5 kn. and 
m ,; 0.3 (30% modulation) with I volt input carrier 
level. the value of RF2 to get I volt demodulated 
output is: RF2 = 67 kn 

Step 5) Calculate C-3 to get 3 kHz bandwidth for post­
detection filter : C3::::: 0.01 µF 

,.., ., 
..:c.. 
,e -

•vcc 

0 1 "' 

.I. 
-

" 

11 17 

AM DETECTION USING THE XR-2 l S PLL 

Figure 8, shows the circuit connection diagram for a two-chip 
AM and FM detection system. using the XR-215 high­
frequency PLL in conjunction with the XR-2228 multiplier/ 
detector. Because of the high-frequency capability of tlle 
X R-2 I 5, the circuit of Figure 8, is useful as a phase-locked 
A.M detector for carrier frequencies up to 20 MHz, and oper­
ates over a supply voltage range of JOY to 20V. 

The VCO section of XR-215 does not have a separate "quad­
rature" output. However, this problem can be overcome by 
driving the XR-2228 multiplier directly from the timing capa­
citor terminals (pins I 3 and 14) of XR-215. l11e Y-input of 
the XR-2228 is operated with maximum gain, since the 
Y-gain control terminals (pins 6 and 7) are shorted together. 
This causes the triangular waveform across Co to be con­
verted to an effective "quadrature'' drive as indicaied by the 
timing diagram of Figure 6. The modulated input signal 
is simultaneously applied to both circuits through coupling 
capacitors. The phase-detector inputs of the XR-215. as well 
as the mulliplier X-inputs of the XR-2228, are biased at 
approximately one-half of Vee. by means of an external 
resistive divider. 

In Figµre 8, Co sets the VCO frequency of the XR-2 IS. In the 
case of FM demodulation. R1 and C1 serve as the post• 
detection filter for t11e detected FM signal and RF1 sets the 
gain of the FM post-detection amplifier. 

The mode of operation of the XR-2228 is virtually the same 
as that described in connection with Figure 7: Rx sets the 
multiplier demodulation gain: C3 serves as the low-pass post­
detection filter. The values of Rx, RF2 and C3 are calculated 
as given in paragraphs (I) and (g). 

" 
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• IK 

cc 
01 

IOK 

Cc o 1 IOK 

, ... 
XR 2228 
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DfMOOULAHD 
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Figure 8. Circuit Connection for a High-Frequency AM and FM Detector Using the XR-215 and the XR-2228 
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Application Note AN-14 

A High Quality Function Generator System 
Using the XR-2206 

INTRODUCTION 

Wavefonn or function generators capable of producing AM/FM modulated sine wave outputs find a wide range of applications in 
electrical measurement and laboratory instrumentation. This applicauon note describes the design, construction and the perfonn­
ance of such a complete function generator system suitable for laboratory usage or hobbyist applications. The entire function 
generator is comprised of a single XR-2206 monolithic IC and a limited number of passive circuit components. It provides the 
engineer, student, or hobbyist with highly versatile laboratory instrument for waveform generation at a very small fraction of the 
cost of conventional function generators available today. 

GENERAL DESCRIPTION 
The basic circuit configuration and the external components 
necessary for the high-quality function generator system is 
shown in Figure I. The circuit shown in the figure 1s designeu 
to operate with either a 12V single power supply, or with a 
±6V split supplies. For most applications, split-supply opera­
tion is preferred since it resuJts in an output DC level which 
is nearly at ground potentiaJ . 

The circuit configuration of Figure I provides three basic 
waveforms: sine, triangle and square wave. There are four 
overlapping frequency ranges which give an overaJI frequency 
range of I Hz to 100 kHz. In each range, the frequency may be 
varied over a I 00: I tuning range. 

The sine or triangle output can be varied from 0 to over 6V 
{peak to peak) from a 600 ohm source at the output tenninal. 

A squarewave output is available at the sync output terminaJ 
for oscilloscope synchronizing or driving logic circuits. 

TYPICAL PERFORMANCE CHARACTERISTICS 
The perfonnance characteristics listed below are not guar­
anteed or warranted by Exar. However, they represent the 
typicaJ performance characteristics measured by Exar's appli­
cation engineers during the laboratory evaJuation of the 
function generator system shown in Figure I . The typical 
perfonnance specifications listed below apply only when all of 
the recommended assembly instructions and adjustment pro­
cedures are followed: 

(a) Frequency Range~: The function generator system is 
designed to operate over four overlapping frequency 
ranges: 

1 Hz to JOO Hz 
IO Hz to I kHz 

I 00 Hz to IO kHz 
I kHz to 100 kHz 

The range selection is made by switching in different tim­
ing capacitors. 

(b) Frequency Setting: At any range setting, frequency can be 
varied over a I 00: I tuning range with a potentiometer 
(see R 13 of Figure I). 

(c) Frequency Accuracy: Frequency accuracy of the XR-
2206 is se1 by rhe runing resistor R and the timing capac­
itor C. and is given :is : 

f = I/ RC 

The above expression is accurate to within ±5% at any 
range setting. The timing resistor R is the series combina­
tion of resistors f¼ and R 13 of Figure I. The timing 
capacitor C is any one of the capacitors C 3 through c6. 
shown in the figure. 

(d) Sine and Triangle Output: The sine and triangle output 
amplitudes are variable from 0V to 6 V pp· The amplitude 
is set by an external potentiometer, R 12 of Figure I. At 
any given am plitude setting, the triangle otitput ampli­
tude is approximately twice as high as the sinewave out­
put. The internal impedance of the output is 600n. 

(e) Sinewave Distortion: The total harmonic distortion of 
sinewave is less than l % from IO Hz to IO kHz and less 
than 3% over the entire frequency range. The selection 
of a waveform is made by the triangle/sine selector 
switch. S2. 

(f) Sync Output : The sync output provides a 50% duty cycle 
puJse output with either full swing or upper half swing of 
the supply voltage depending on the choice of sync out­
put tenninals on the printed circuit board (see Figure I). 

(g) Frequency Modulation (External Sweep): Frequency can 
be modulated or swept by applying an external control 
voltage to sweep terminal (TerminaJ I of Figure I). When 
not used, this terminal should be left open-circuited. The 
open circuit voltage at this terminal is approximately 3V 
above the negative supply voltage and its impedance is 
approximarely I 000 ohms. 
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NOTE: 

1. For single supply operation lift GND connection keeping R12 across terminals Rand 8 intact, and connect terminal A to GND. 

2. For maximum output, Rx may be open. Rx• 68 Kn is recommended for external amplitude modulation. 

Figure l. Circuit Connection Diagram for Function Genera tor. (See Note 1 for single supply operation.) 

(h) Amplitude Modulation (AM): The output amplitude 
varies linearly with modulation voltage applied to AM 
input (terminal Q o f Figure I). The output amplitude 
reaches its minimum as the AM control voltage approaches 
the half o f the total power supply voltage. The phase of 
the output signal reverses as the amplitude goes through 
its minimum value. The total dynamic range is approxi­
mately 55 dB. with AM control voltage range of 4V 
referenced to the half of the to tal supply voltage. When 
no t used, AM terminal should be left open circuited. 

( i) Power Source: Split supplies: ±6V, or single supply : 
+12V.SupplyCurrent· IS mA(see FigureJ). 

EXPLANATION OF CIRCUIT CONTROLS: 
Switches 

Range Select Switch, SI. Selects the frequency range o f opera­
tion for the function generator. The frequency is inve rsely 
proportional to the timing capacitor connec ted across Pins 5 
and 6 of the XR-2206 circuit. Nominal capacitance vilues and 
frequency ranges corresponding to switch positions of SI are 
as follows: 
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Position 

I 
2 
3 
4 

Nominal Range 

I Hz to 100 HL 
10 Ht. 10 I kHL 

100 Hz to 10 kHz 
I kHl lo 100 kHL 

Timing Capacit.ance 

I µF 
0.1 µF 

0.01 µF 
0.001 µF 

If additional frequency ranges are needed, they can be added 
by introducing additional switch positions. 

Triangle/Sine Waveform Switch, S2: Selects the triangle or sine 
output wavefom1. 

Trimmers and Po tentiometers 

DC Offset Adjustment , R9 : The potentiometer used for ad­
justing the DC offset level o f the triangle or sine output wave­
form . 

Sinewave Disto rtion Adjustment, Rl 0: Adjusted to minimize 
the harmonic content o f sinewave output. 

Sinewave Symmetry Adjustment, R 11 : Adjusted to optimize 
the symmetry of the sinewave output. 

Amplitude Control , R 12: Sets the amplitude of the triangle or 
sinewave output. 
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Frequency Adjust, R 13: Sets the oscillator frequency for any 
range setting of S 1. Thus, R 13 serves as a frequency dial on a 
conventional wavefom1 generator and varies the frequency of 
the oscillator over an approximate 100 to I range. 

Terminals 

A. Negative Supply - 6V 
B. Ground 
C. Positive Supply +6V 
D. Range I, timing capacitor tenninal 
E. Range 2, timing capacitor terminal 
F. Range 3, timing capacitor tenninal 
G. Range 4, timing capacitor terminal 
H. Timing capacit0r common terminal 
I. Sweep Input 
J. Frequency adjust potentiometer terminal 
K. Frequency adjust potentiometer negative supply 

terminal 
L. Sync output (1 / 2 swing) 
M.Sync output (full swing) 
N. Triangle/ sine waveform switch terminals 
0. Triangle/sine wavefonn switch tem1inals 
P. Triangle or sinewave output 
Q. AM input 
R. Amplitude control tenninaJ 

PARTS LIST 
The following is a list of external circuit components necessary 
to provide the circuit interconnections shown in Figure I. 

Capacitors: 

CI.C2.C7 
C3 
C4 
cs 
C6 

Resistors: 

RI 
R2 
R3, R7 
R4 
R5 , R6 
R8 
RX 

Electrolytic, 10 µF, IOV 
Mylar, I µF, nonpolar, 10% 
Mylar, 0 .1 µF, 10% 
Mylar, 0.0 1 µF, 10% 
Mylar, 1000 pF, 10% 

30 KS1 , I/4W, 10% 
100 KS1 , l /4W, 10% 
I Kn, l/4W, 10% 
9 Kn, l/4W, 10% 
5 KS1, l/4W, 10% 
300S1, l /4W, 10% 
62 Kn, I /4 W, 10% (RX can be eliminated 
for maximum output) 

Potentiometers: 

R9 Trim, I MS1 , l /4W 
RIO Trim, I KS1 , l/4W 
RI I Trim, 25 KS1, l/4W 

The following additional items are recommended to convert 
the circuit of Figure I to a complete laboratory instrument : 

Potentiometers: 

Rl2 
Rl3 

Switches: 

SI 
S2 

Amplitude control, linear, 50 KS1 
Frequency control , audio taper, I MS1 

Rotary switch, I-pole, 4 pos. 
Toggle or slide, SPST 

Case: 

7" x 4" x 4" (approx.) Metal or Plastic 
(See Figures 4(a) and 4(b).) 

Power Supply: 

Dual supplies ±6V or single+ I 2V 
Batteries or power supply unit 

(See Figures J(a) and J(b).) 

Miscellaneous: 

Knobs, solder, wires, terminals, etc. 

BOARD LAYOUT 
Figures 2(a) and 2(b) show the recommended printed-circuit 
board layout for the function generator circuit of Figure I. 

(a) Split Supply PC Board Layout 

'd SI 

K} \JI Hlo(ef Fl G) 
M 

-@J--

p 0 

(b) Singk Supply PC Board Layout 

Figure 2. Recommended PC Board Layout for Function 
Generator Circuit of Figure I . 

RECOMMENDED ASSEMBLY PROCEDURE 
The following instructions and recommendations for the as­
sembly of the func tion generator assume that the basic PC 
board layout of Figures 2(a) or 2(b) is used in the circuit 
assembly. 
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AH the parts of the generator, with the exception of frequency 
adjust potentiometer, amplitude control potentiometer, 
triangle/sine switch and frequency range select switch, are 
mounted on the circuit board. 

Install and solder all resistors, capacitors and trimmer resistors 
on the PC board first. Be sure to observe the polarity of 
capacitors CJ, C2 and C7. The timing capacitors C3, C4, CS 
and C6 must be non-polar type. ow install IC I on the board. 
We recommend the use of an IC socket to prevent possible 
damage to the IC during soldering and to provide for easy 
replacement in case of a malfunction. 

The entire generator board along with power supply or batter­
ies and several switches and potentiometers will fit into a case 
of the type readily available at electronic hobby shops. It will 
be necessary to obtain either output jacks or terminals for the 
outputs and AM and frequency sweep inputs. 

Install the frequency adjust pot , the frequency range select 
switch, the output amplitude control pot, the power switch, 
and the triangle/ swine switch on the case. Next, install the PC 
board in the case, along with a power supply . 

Any simple power supply having reasonable regulation may be 
used. Figure 3 gives some recommended power supply config­
uration. 

(a) Zener Regulated Supply 

r _6'.:'._ -i ~ • 6V 

...r:--° GI\I0 

I--- .J.........:::... 6V 
6V 7 

(b) Battery Power Supply 

T1 : F ilement trensformer 

S I R7 

Prlmerv 11 5V/Seconderv 12.6 VCT, 0.5A 

01 - 04: I N4001 or 'slmller 

05, 06: IN4735 or simller 

Cl, C2: E lectrolytic, 500µF/ 12 VOC 

Al, A2: s1n. 1/2W. 10% 

•6V 

05 
6V 

GIII0 

06 
6V 

6V 

Figure 3. Recommended Power Supply Configurations. 
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Precaution: Keep the lead lengths small for the range selector 
switch. 

Figure 4 gives an example of the fully assembled version of the 
function generator system described above. 

Figure 4 . Typical Example of a Fully Assembled Function 
Generator. 

ADJUSTMENT PROCEDURE 

When assembly is completed and you are ready to put the 
function generator into operation, make sure that the polarity 
of power supply and the orientation of the IC unit are correct. 
Then apply the OC power to the unit. 

To adjust for minimum distortion , connect the scope probe to 
the triangle/sine output. Close S2 and adjust the amplitude 
control to give non-clipping maximum swing. Then adjust RI 0 
and RI I alternately fo r minimum distortion by observing the 
sinusoidal waveform. If a distortion meter is available, you 
may use it as a final check on the setting of sine-shaping t:im­
mcrs. The minimum distortion obtained in this manner 1s 

typically less than 17, from I Ht to IO k Ht. and less than 3'k 
over the entire fre4uency range. 

wigfi
Stolen 2 Line Transparent
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Application Note AN-15 

An Electronic Music Synthesizer 
Using the XR-2207 and the XR-2240 

INTRODUCTION 

This applu:ation note describes a simple , low-cost ·'music syn1hes1zer" system made up of two monolithic IC's and a minimum 
number of external components. The electronic music syn1hes11.er 1s comprised of the XR-:~207 programmable tone generator IC 
which 1s driven by the pseudo-random binary pulse pattern generated by the XR-2240 monolithic counter/ timer circuit. 

PRINCIPLE OF OPERATION 

All the active components necessary for the elec1ron1c music 
synthesizer system is contained 111 the two low-cost monolithic 
IC"s. the XR-2207 variable frequency oscillator and the 
XR-2240 programmable coun1er/ 1imer. Figure I shows the 
functional block diagram of 1he XR-.::!207 oscillator. This 
monolithic IC is comprised of four functio nal blocks: a 
variable-frequency oscilla1or which generates the basic periodic 
waveforms: fou r current switches actuated by binary keying 
1npu1s: and buffer amplifiers fo r both the triangle and square­
wave output s. The mternal current switches transfer the 
oscillator current· to any o f four external ti1111ng resistors 
10 produce four discrete frequencies which are selected accord­
ing to the binary logic levels at the keying terminals (ptns 8 
and 9 ). 

The XR-.::!240 programmable counter/ t1111er is compnsed ofan 
internal time-base oscillator, a con trol n,p-nop and a pro­
grammable 8-bit binary cou nter. Its functional block diagram 
1s shown in Figure 2. in terms of the 16-ptn IC package. The 
e1gh1 separate output terminals of the XR-2240 arc "open­
collector" type outputs which can either be used 1nd ividu;,illy, or 
ca n be connected 111 a "wired-or" configuration. 

Figure 3 shows the circuit <.:on nection for the elect ronic musu: 
or time synthesizer system using the XR-2207 and the XR-.::!240. 
The XR-2207 produces a sequence of tone~ by oscillating at a 

Figure I . Functional Block Diagram of XR-2207 Oscillator 
Circuit. 
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frequency set by the external capacitor C I and the resistors 
R, th rough R6 connected to Pins 4 through 17. These resis­
tors set the frequency or the "pitch" of the output tone 
sequence. The cou nter/ timer IC generates the pseudo-random 
pulse patterns hy selectively counting down the time-base 
frequency. The cou11ter ou1put sof XR-2240 (Pins I through 8) 
then activate the timing resisto rs R1 th rough R6 of the osci.1-
lator IC, which converts the binary pulse •patterns to tones. 
The lime-base oscillator frequency of the counter/ timer sets 
the "bea t" 9 r the tempo of the music. This setting is done 
through C' 3 and R0 of Figure 3. 

The pulse sequence coming out of the counter/ timer IC can be 
programmed by the choice of counter outputs (Pins I through 
8 o f XR-2240 connected to the programming pins (Pins 4 
through 7) of the XR-::!207 VC'O. The connection of Figure 3 
is recommended since it gives a par1icularly melodic tone 
sequence at the ou tpul. 

The pseudo-random pulse pattern out of the counter-timer 
repeats 1ti.elf at 8-bi1 (or 256 count) intervals of the time­
ha~e penod. Thus, the ou tput tone sequence continues for 
about I to 2 minutes (depend111g on the "beat") and then 
repeats itself. The counter/ timer resets to zero when the device 
1s turned on : thus. the music, or the tone sequence, always 
start s from the same point when the synthesizer is turned on. 

Figure 2. Functional Block Diagram of XR-2240 Counter/ 
Timer. 
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Figure 3. Circuit Connection Diagram for the Music Synthesizer. 
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Application Note AN-16 

Semi-Custom LSI Design 
with 12L Gate Arrays 

INTRODUCTION 

In designing semi-custom monoli1hic LSI, one uses a partially fabricated silicon wafer which is "customiled'' by the application of 
one or more special mask pat terns. This technique greatly reduces the design and tooling cost and the prototype fabrication cycle 
associated with the conventional full-custom IC development cycle; and thus makes custom IC's economically feasible even at low 
production volumes. 

Until recently. the application of semi-custom design technology to complex digital systems has been somewhat limited due to one 
key factor: lo be economically feasible. a complex digital LSI chip must achieve a high fu nctional density on the chip (i.e .. high 
gate count per unit chip area). Tradilionally, this requirement is 1101 compatible with the random interconnection concept which is 
key to the semi-custom or master-slice design approach. This paper describes a new approach to the master-slice concept which 
overcomes this age-old problem. It achieves packing densities approaching those of full-custom digital LSI layout while still main­
taining the low-cost and the quick turn-around attributes of semi-custom IC design. This is achieved by making use of unique layout 
and interconnection properties of J2L gates, and by extending the mask-programming to additional mask layers besides the metal 
interconnection. 

FEATURES OF J2L TECHNOLOGY 
Integrated Injection Logic (12L) is one of the most significant 
recent advances in the area of monolithic LS I technology. 
Compared Lo other monolithic LSI technologies. 12L offers 
the following unique advantages: 

High Packing Density 
Bipolar Compatible Processing 
Low Power and Low Voltage Operation 
Low (Power x Delay) Product 

Figure I gives a comparison of the speed and power capa­
bilities of various logic families, including J2L. Since 12L 
technology is a direct extension of the conventional bipolar 
IC technology, it readily lends itself to combining high­
density digital functions on the same chip along with conven­
tional Schottky-bipolar circuitry. The availability of bipolar 
input-output interface on the same chip along with the high­
density 12L logic makes it very convenient to retrofit custom 
t2L designs into many existing logic systems. 

The J2L logic technology is developed around the basic single­
inpul, multiple-output inverter circuit shown in Figure 2. A 
recommended circuit symbol for this gale circuit is also 
defined in the figure. Most terminals of the J2L gate share the 
same semi-conductor region ( for example, the collector of 
the PNP is the same as the base of the NPN; and the emillcr 
of the NPN is the same as the base of the PNP). This leads to a 
very compact device structure, and results in very high packing 
density in monolithic device fabrication. Figure 3 illustrates 
the basic device structure and the cross-section for a bipolar­
compatible J2L gate. Since the individual t2L gates do not 
require separate P-type isolation diffusions, they can be placed 
in a common N-type tub. This feature greatly enhances the 
packing density on the chip since il eliminates the need for 

separate isolation pockets for individual gates. With conven­
tional photo-masking and diffusion tolerances, gate densities 
of greater than 200 gates/mm2 can be readily achieved in fu ll­
custom layout. Using the semi-custom approach which is out­
lined in this paper. one can maintain a packing density of 

l 01,11 ,c----,------,,-----,------,,------, 

NMOS 

' CMOS 

' SOL TTL 

' ' ' ' 5'1LS TTL 

' ' ' 
54H TTL 

' ' • lo, ' 
0 1 pt ' 

10p1 .. 

' ' ' ECl e 

' ' 10K 

' l ~• .__ __ __. ___ ___.. ___ __.. ___ __,,. __ ___._, 
ECL 
111 

1 .-w 10~W 1C)OJ,1W 10,nW 100mW 

POWER/GATE 

Figure I . Comparison of Speed and Power Capabilities of 
Various Logic Families. 

greater than 120 gates/mm2 even with random metallization 
or interconnection requirements. This offers at least a fac t9r 
of four improvement over conventional bipolar master-slice 
technology and approximately a facto r of two improvement 
over MOS master-slice approach in Lenns of ga te-density and 
chip area utilization. 
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Figure 2. Equivalent Circuit (a), and a recommended symbol 
(b) for an I2L Gate. 

r 

Figure 3. Basic Device Structure for Bipolar Compatible 12L. 

DESIGN ING WITH I2L GATE ARRAYS 

A number of J2L gate arrays have been developed al Exar 
utilizing bipolar-compatible integrated injec1ion logic.: tech­
nology. The most recen1 additions to this family of products 
are the XR-300 and the XR-500 gate array chips whic.:h are 
specifically intended for semi-custom IC designs involving 
complex digital systems. These chips c.:ontain a large number of 
multiple-output 12L ga1cs along with Schottky-bipolar input/ 
output buffers. Table I gives a summary of the c.:omponents 
available on each of these chips. 

Figure 4 shows the basic layout architec.:ture of the XR-300 
and the XR-500 gate array c.:hips. As indicated in 1he 11gure. 
each chip is made up of two sections: (a) the (2L gate matrix; 
and (b) the Schottky-bipolar input/output interface. In addi­
tion, the bipolar 1/0 section contains two identical se ts of 
resistor arrays, located al opposite ends of the chip, which are 
used for biasing the injectors of the t2L gates. The basic features 
of each of the sections of the gate array chips are outlined 
below: 
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TABLE I 

List of Components on XR-300 and XR-500 Semi-Custom Chips 

COMPONENT TYPE Chip Type 
XR-300 XR-500 

Muluplc Oulpul J2L Gates 288 520 

lnpuc/Oucput Buffers 28 40 

Schotcky - NPN Transistors S6 80 

Resistors 168 240 

Bonding Pads 34 42 

Chip S12c (mils) 104xl40 122xl8S 

.,.,,.., .,..,.., 'W'1 'l'"'1 "T1 "'1"'1 ""T'I ~ ~ 
t . !l!J3 AS RESISTOR ARRAY~ ~l:llf 

-- ,al ~ .,.h, ., ..., , ._~.,_ U ......a.! ~-u ~ ~--··-----,.,.,,,..;~ 
•,~• I I ft •~ 

• · • ·• 12LGATEMATRIX ,Ua, .ill.;, - .. . -- ...,.,.,., 
.·r ,bft 

..... ·- ·- - · ··- · -·- · -·-· ··-- ....... ..illl 
C. ... - • ....., -- ·- · - .... -" ......,, "Im 

... • .,~ ~ , ~ ,mi 
"'"'"""'"" .. ~ ~ .. --.... ..a.i...._ ~ ~ JJU Jllll 

Figure 4. Basic Architecture of XR-300 and XR-500 t2L Gate 
Arrays. 

a) The I2L Gate Matrix: 

This section of the t2L gale array is made up of 8-gate 
"cells." These cells contain eight 111ultiplc-ou1pu1 12L 
inverters which share a common set of four in.1ectors. 
Figure S shows a basic 8-gate cell section within the 12L 
gale section. -f.rior 10 customi1.ation. The basic 8-gatc cells 
forming the 1- L gate matrix arc made up of P-type injectors 
and gate fingers which serve as the base regions of 1he 12L 
gates. The six dots on each gate area indicate the possible 
locations or sites for gate input or outputs. The particular 
use of these sites as an input or an output is determined by 
two custom masks: an -type collector diffusion mask 
which del1nes the locations of outputs, and a custom con­
tact mask which opens the appropriate input and ou1pu1 
contact. Finally. a third custom mask is applied 10 form the 
metal interconnections between the gates. and lhe gate 
cells. The custom N-1ype diffusion step. which detem1ines 
the locations of gate outputs. is also used for fom1ing low­
resistivity underpasses between the gate-cells. The area 
between each of the gate cells can accomodate two or three 
parallel underpasses in lhe horizontal and the vertical 
directions, respectively. Since the N-lype diffusion which 
forms these underpasses is a part of the custo111i1.ing step, 
the loca tion and the length of each underpass can be chosen 
to fi1 a given interconnection requirement. This method 
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provides the designer with virtually all the advan tages and 
capabilities of multi-layer interconnection paths on the 
surface of the chip: and allows approximately 80% of the 
gates on the chip to be utilized in a typical random-logic 
layout. 

_j I ' .___I -------· I 
· I 1· I~ 

, TYlfll'( - FINGtR'' 
O!F'FUSION ,oR 
11L GATES 

7 

,t 

Ii I 
'! . 

Ii I 
ii l 
i l i 

AOJA.ctNT 
C(LL 

IN.IEC OMS 

DOTS INC>ICATE L0C.ATl(ltli Of 
INll'\Jt/OUTPUT Sl'fES 

r 
Figure 5. Basic 8-Gate CelJ Before Customization. 

The custom logic interconnections can be easily laid out in 
pencil on a layout sheet by simply interconnecting the 
desired gate "sites'' with a pencil line and appropriately 
defining the function of the site as an input, output, injec­
tor contact or an underpass. Figure 6 shows a typical 
example of such a logic layout. The corresponding symbols 
defining the function of the sites on the layout are also 
identified in the figure. For convenience, an underpass is 
indicated with a resistor symbol, connecting two triangles 
corresponding to the terminal points of the underpass. 

Figure 7 shows the sample layout of the same 8-gate cell, 
after its customization with a selective N-type collecwr 
diffusion. contact-window cut and the metal intercon­
nection patterns. 

Typical electrical characteristics of the t2L gates within the 
gate matrix are listetl in Table 2. Typical operating charac­
teristics of the gates are given in Figures 8. 9 and I 0, as a 

TABLE 2 
Typical Characteristics of t2L Gates 

Puamtrrr 
Typical Chanc1cris1ics Ol Vuoous I njeclor Currcno 

lj = 100 nA IJ = I µA ' J = 10 ,.,, lj = 100 µA 

Ou1pu1 Sink ('urr~nl, l o 300 nA g µA 80µA (,(I()µ\ 

Ou1pu1 S.1. VohJgc, Vol lmV lmV .J mV IOmV 

Input l h,e,hold () 41! mV 0.54 mV 0.60 111V 0.66 mV 

P14r. lklJ) P1oou<.1 Iv• , IV) 0.6 pJ 0.6 rJ 1.0 pJ 3 pJ 

AYNJgc Poop. DdJy 6 JJ;Wl 0.6 µ\CC 100 nw,· 50 n<ec 

\h ,. Tugi,Jc I rcq. (I) I / I ) 6 kll, 6() kilt ~00 kilt 3 MIil 

Input OI I Current (VIN 0) 150 nA 1.5 µ,\ 15 i,A 130 i,A 

Output Urc.;.k<.Jo"n VollJ~e lV JV lV 3V 

function of the injector cu rrent per gate. As indicated in 
Figure 8, the average power-delay product for a four-ou tpu t 
gate is approximately 0.5 pJ at low curren ts; and the 
typical propagation delay, tpd• at injector currents in excess 
of I 00 µA/gate is approx.imately SO nsec for the output 
furthest from the injector. Figure 9 shows the two com­
ponents of the total propagation delay. namely the turn-on 
and turn-off delay. as a function of the injector bias. At low 
injector currents (i.e., lj ,s;;; 10 µA), turn-on delay is the 
dominant factor. For high-speed operation with lj;;.. SO µ A. 
turn-off delay becomes the dominant limitation in speed. 
Typical toggle rate of a D-type tlip-Oop as a func tion of 
injector current is shown in Figure I 0. As indicated in the 
figure. toggle rates of 3 MHz are obtained at injector 
current levels of approximately 100 µA per gate. 

\wUl'°''"C_l_ 
O ,.,...,.., C.,.uu 
0 Wt<-O..,-• 
C, Got•~+ 

_J ,_______. L__ 

- -
~ ~ - 7 

l"il'\J~ 
o, 

iii; -

I -
~ ..: I.<\ 

'::;- ':;: ! 
~ ~ ~ ~ } INJl:CfO-

~ lu< ,_ ,_ 

h! -
0,-

...: ...: ..:.. ..: 4, 

- -
7 i 

Figure 6. Sample Pencil Layout on a Logic Cell. 
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i 
Figure 7. Sample Layout of 8-Gate CeU After Customizing it 
with N+ Collector Diffusion, Contact Mask and Metal inter­
connection Pattern. 

70 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

~ 

, ... , 

, .... 

'""''---------------------~ , ... , ..... t.-A let..• , ..... 
\NJ:f(t0 ACU1Ulf,NI •t Iii O.All 

Figure 8. Propagation Delay Characteristics of I2L Gates as a 
Function of Injector Current. 
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Figure 9. Average Tum-On and Turn-Off Delay vs. Injector 
Current. 
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Figure 10. Maximum Toggle Rate of D-Type Flip-Flop as a 
Function of Injector Current. 

b) Schottky-Bipolar 1/0 Section: 

The Scho11ky-bipolar input/output interface sections arc 
located along the periphery of the XR-300 and the XR-500 
gate array chips. In addition. this bipolar section of the chip 
coi;11ains two sets of resistor arrays. located at opposite ends 
of the chip (see Figure 4) for ,rrogramming or setting the 
injector current levels for the 1-L gates. By proper tapping 
of these resistor arrays. the injector currents of the gates 
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can be set to any value between I µA to 100 µA per gate. 
For operating with current levels below I µA/gate, an 
external current setting resistor can also be used. 

The component layout of a typical bipolar input/output 
interface cell is shown in Figure 11. Such an 1/0 interface 
cell contains one bonding-pad. several diffused resistors of 
varying values, two Schottky-clamped NPN t ransistors and 
a clamp diode to the substrate. Each of the NPN bipolar 
transistors are capable of sinking IOmA of output cu rrent. 
with typically a saturation voltage of 0 .SV. The breakdown 
voltage of the bipolar output transistors is 6V; however, 
modified versions of the XR-300 and XR-500 12L gate 
arrays are also available with output breakdown voltage in 
excess of I SV. Figure 12 shows some of the most com­
monly used input and output interface circuit configura­
tions available from the basic bipolar 1/0 cell. 

c:::J 

R5 = 
SK 

BONDING 
PAD 

Figure 11 . Typical Schottky-Bipolar Input/Output Interface 
CeU. 

INPUl ••• 

IOK 

CAI INPU1 INTtRFACl cu~cun 

OUf9U T 

un OUTPUT INT[ RF Act CIRCUIT 

Figure 12. Typical Bipolar 1/0 Interface Circuits. 
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SEMI-CUSTOM DESIGN CYCLE 

The scmi-cus1om LSI design program u1ilizing the XR-300 and 
XR-500. is devised for maximum versatility, to suit varying 
customer needs or capabililies. Figure 13 gives an outline of 
1he six basic s1cps associated with a typical 12L semi-custom 
program. The sequence or these slcps arc also outlined below: 

( I ) l'easihllilY Review 
and 

Logic Conversion 10 12 L Gates 

+ 
(2) 

l'encll ~yout on Gate Array Workshee ts 

-. 
(3) Compu teri.:ed Mask Artwork 

G,rn.:ra tion 

t 
(4) Musk Fabrication 

N+/Con1ac1/Me1al Masks 

+ 
(S) Cus1omiting l're- Fah Wafers: 

Collec to r Diff./Contact and Metal 

1 
(6) Assembly{fes t and 

l'ro to t ype Delivery 

Figure I 3. Sequence of Steps Associated with a Semi-Custom 
LSI Development Cycle. 

Step I. Feasibility Review and Logic Conversion: 

Starting with the customer's logic diagram (preferably reduced 
to flip-flops and gates) the first step is a detailed review of 
the system requirements with regards to the overall gate 
count. 1/0 requirements, operating speeds, etc., to assure 
feasibility of integration. and to choose the most economical' 
gate array chip to be used. If the results of 1his review indicate 
feasibility, the next step is to convert the logic diagram in10 
12L gates. Al this stale, a computer simulation of the logic 
diagram may also be performed, if deemed necessary. 

Step 2. Pencil Layout on Gate Array Worksheets: 

Once the logic diagram is converted 10 12L gates, the next step 
will be to make a pencil layout of the circuit on 1he appropriate 
array worksheet. This pencil layout is done on a blank work­
sheet where lhe gate input and oulpul locations are shown as 
Largc1 dots (see Figure S). During 1he layout, an appropriate 
symbol is placed over the corresponding dot on the gate 
outline, and the interconnections and the underpasses between 
the gates are indicated by pencil lines and wi1h the symbols 

defined in the layou t example of Figure 6. In this layout. the 
bipolar 1/0 cells do nol need to be internally interconneclCd. 
Since these cells arc standardi,ed. it is only necessary fo r 
the designer 10 specify if a particular 1/0 cell is to be used as 
an inpul or an ou1pul. 

Step 3. Computerized Mask Artwork Generation: 

Using a specially developed compu terized mask gencralion 
technique. the three layers of necessary custom IC tooling 
(i.e .. for custom -type diffusion. contact window cut; and 
the metal inlerconnections) can be automa lically generated by 
a single .. digitizing" step from the pencil layout. This simul­
taneous and automated genera1ion of the three custom mask 
layers greatly reduces the lOoling cost and lumaround lime, 
and avoids mask errors. 

Step 4. Mask Fabrication: 

The photographic tooling plates, or ·'masks:• are fabricaled by 
a pauern-generation 1cchnique from the digitiled coordinale 
informalion stored in the computer. 

Step S. Customizing Prefabricated Wafers: 

The prefabrica1ed 12L wafers containing the P-1ype base 
diffusion and the gate ·•fingers" (sec Figure 5) are cuslomized 
into completed monolithic LSI chips using the custom IC 
tooling generated in Steps 3 and 4. 

Step 6. Assembly/Test and Prototype Delivery: 

The completed monolithic chips arc first evaluated on the · 
finished IC wafer. and later assembled. elec1rically tested and 
delivered as the completed prototypes. 

In many cases. 1he first two ste_ps indica1ed in the now chart 
of Figure 13. can be done by the customer, in consultation 
wi1h Exar. using Exar's t1L Design Kit and the design instruc­
tion manual. Whenever possible. such an approach is recom­
mended, since it grea1ly reduces the development costs and the 
turnaround lime. 

Typical development cycle containing all the steps outlined in 
the now chart of Figure 13, 1akes aboul 8 10 12 weeks. 
depending on the circuit complexity. and whether the cus1omer 
or Exar does 1he logic conversion and pencil layout. 

Figure 14 shows the photo-micrograph o( a typical semi­
custom LSI chip, fabricated using the lechnology outlined in 
this paper. As indicaled in the figure. lhe use of 3-mask 
cus10111iza1ion step results in an efficienl layout and utilization 
of the available active devices wi1hin the 11 L gate array. 
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Figure 14. Photo-Micrograph of a Typical Semi-Custom 12L 
LSI Chip. 

ECONOMICS OF SEMI-CUSTOM DESIGN 

In developing custom LSI circuits. one is confronted by the 
following key question: for a given production requirement. is 
it cheaper to develop a full or semi-custom IC? Since the 
perfonnance and functional requirements of custom IC's vary 
greatly. there is no general answer to the above question. How­
ever, based on the overall production requirements it is possible 
to establish some economic guidelines for deciding which 
custom IC technology to use. and when. 

One of the main advantages of semi-custom LSI design over 
conventional full custom IC developmen I is the greatly reduced 
development cost. This development cost generally amounts to 
10% to 30%, of that required for a complete custom IC design. 
However, since the semi-custom design technique tends to 
waste some of the IC chip area due 10 random interconnections. 
the unit price of a semi-custom LSI chip in volume production 
is slightly higher (approximately 10',i! lo 30'k) then a full or 
complete custom design. Therefore. 10 decide which is the 
most economical approach. it is best to compare the estimated 
amortited unit cost per device for various production quanti• 
ties. Figure 15 gives such a comparison for a "typical" custom 
LSI chip, as a function of total production requirement. The 
total a1110rliled cost per unit is defined as the total cost of the 
development plus the production purchase. divided by the total 
number or quantity of units purchased. The extremely high 
development costs (typically in the range of $50.000 10 

SI 00.000) associated with full custom designs make the 
amorti1.ed unit cost of full custom ICs far more expensive 
than semi-cusle>m designs. at low production quantities. 
Similarly, for the lower chip cost or full custom IC's make this 
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approach more economical for high production volumes. 
Typical cross-over point between the economics of' the full 
or semi-custom technology comes about in the quantity range 
of 50,000 pieces to 150,000 pieces, as implied by the illustra­
tion of Figure 15. However, it should be noted that Figure 15 
is only a typical "case study," and that the actual cross-over 
point for a given program will depend on the circuit com­
plexity, performance and test requirements, and the type of IC 
package used. 

SEMI CUSlOM 
OCS1CN 

UlO< 

TOTAL OUANTITV Of UNITS PUACHA$[0 

1000, 

Figure l 5. A Comparison of Relative Cost Advantages of Semi­
Custom and Full Custom LSI Products. (NOTE: Amortized 
cost per unit includes the development cost .) 

CONVERTING SEMI-CUSTOM TO FULL CUSTOM 

It is often possible to start a development program using the 
semi-custom technology, such as the J2L gate arrays described 
in 1his paper, and later change to a full custom design when 
the production quantities increase beyond the cost cross­
over point illustrated in Figure 15. Such two-phase approach 
often combines the best advantages of each of the semt• and 
full custom technologies. For example. the initial development 
can be done in a semi-custom manner. using Exar·s I 2 L gate 
arrays, and thus take full advantage of the low tooling cost and 
the short development cycle. As a customer·s product matures 
and its market expands, resulting in higher volume production 
run rates, hxar can convert the multiple semi-custom chip 
approach into :i single custom IC. achieving a cost reduction 
and in many cases a performance improvement. The signifi­
cant advantage of this type of program ,s that the risk associ­
ated with a custom development is greatly reduced; the IC 
design approach has been proven. and the design "bugs .. 
arc removed at the semi-custom stage thus eliminating the 
need for lengthy re-design cycles at the full custom level. 
Once the semi-custom chip is completely characterrted tn the 
use, ·s sy~tem. and is used for the i1111ial production runs. 
it can be gradually .. phased-out" by a full custom design with· 
out interrupting the user's production line. 
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Application Note AN-17 

XR·C409 Monolithic 12L Test Circuit 
INTRODUCTION 

T he XR-C409 monolithic IC is a 1est circuit for evaluation of speed and performance capabilities of Fxar's l 111egra1ed lnicctinn 
Logic (12L) technology. IL is intended to farniliariLe the 12 L user and the digi tal sys1ern designer with some of the pcrfo,mance 
feat ures of t2 L. such as its high-frequency capability and power-speed tradeoffs. 

Figure I shows the package diagram of the XR-C409 t2 L test circuit. It is comprised of five separate evaluation blocks as shown in 
the figure. Blocks I and 2 are D-type nip-Oops which a rc internally connected as frequency dividers. Each of these dividers provide 
buffered open-collector outputs. Blocks 3, 4 , and 5 are 8-stagc ring-oscillators with buffered outputs lo be used for measuring gale 
propagation delays at differen t injector current levels. 

FREQUENCY DIVIDER SECTION 
The frequency divider sections of XR-C409 test circuits are 
made up of two 0-type lip-flo ps internally connected in the 
(.;-2) mode. These frequency dividers are o perated with serial 
clocking and parallel reset controls. 

The internal interconnections of these 0 -type lip-flop sections 
are shown in F igure 2. The corresponding package terminals 
are also identified in the figure. The lip-flops operate on the 
negative-transitions of the clock input, and reset with the reset 
at a "high'' logic state. When the circuit is reset , all the ou I­
puts go to a " lo w" state. The logic polarities and the timing 
sequence of the circuit waveforms are given in Figure 3. 

Evaluating the Frequency Divider Section 

Figure 4 shows the circuit connection for the frequency 
divider section of the XR-C409. The recommended clock 
input level is OV and +IV for the " low" and ''high" levels. 
For optimizing high frequency performance, a square wave 
clock input is reco mmended with a source impedance,.,;;; I oon. 

8 iasing of Injectors 

All o f the 16 I2 L gates forming the frequency divider sections 
are biased by the total injector curren t, IT , applied to t he 
injector terminal (Pin I) as shown in Figure 4 . The total 
injector current, IT, applied to the lip-flop sections of 
XR-C409 is set by the external bias resistor , Rs , as: 

v+ - Vbe 
Ir = Rs ( I ) 

where Vbe c~o. 7V) is the transistor base-emitter voltage d rop. 

The total injector cu rrent ,IT , is shared amoung 16 individual 
t2 L gates forming the frequency-divider sections. Thus, the 
operating current of each gate, lj, is eq ual to I /16 of t he total 
injector bias, o r: 

(2) 

INJECTOR A CLOCK INPUT 

[°2 

RESET 

• OUTPUTS 

03 
OUTPUT 
01 I 21 

INJECTOR 8 NC 

OSCILLATOR NC 
OUTPUT 

INJECTOR C NC 

OSCILLATOR OSCILLATOR 
OUTPUT OUTPUT 

GROUNO 
!SUBSTRATE I INJECTOR 0 

Figure I . Package Terminals for XR-C409 Test IC. 

INJECTOR 

R(SE 1 0------------~ 
1~ 

Figure 2. Block Diagram of Frequency Divider Section. 
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CLOCK INPUT 
(PIN 161 

RESET~ r­
lPIN 151 I~-------------~' 

+ 2 OUTPUT 
!PIN l•I 

+ 4 OUTPUTS 
IPINS 2 ANO 31 ___ __, 

Figure 3. Timing Diagram for Frequency Divider Section. 

V' SV ------------, 

-~~ 
CLK INPUT 0--'VV,,.--<-

OISA8LE 

~·~ 
JOO 15 

ENA8LE 

01 • LOW CAPACITANCE 
CLAMP OIOOE 

♦ >1 Ra 

Figure 4. Test Circuit for Frequency Divider Section. 

M~asurinr, Output Waveforms 

Each of the output terminals of XR-C409 frequency-<livider 
are open-collector type terminals which require a pull-up 
resistor to positive supply voltage. Thus, the output rise­
time is limited by the external RC time constant due to the 
load resistance, RL, and the parasitic and/or load capacitance, 
CL. 

Figure S shows a recommended circuit connection to test the 
output swing at high frequencies, using a low-capacitance 
clamp-<liode, D1 , to clamp the output swing to ::::+0.7 V above 
ground. 

v· 

OUTPUT 

_ns 
Ot CLAMP 0 100£ 

Figure 5. Recommended External Connections to Measure 
Output Waveforms. 
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The value of the load resistor, R L, is determined by the cur­
rent sinking capability of the output transistor, T 1, internal to 
the chip. Since T 1 is the output of an J2 L gate, its wo rst 
case sinking current is limited to the individual gate current. 
i.e .: 

(3) 

This current-5inking capability in tum limits the minimum 
value of load resistance RL to: 

(4) 

The peak output swing is limited to approximately 3 volts 
due to the collector-base breakdown of the I2 L gate output, 
i.e., transistor T 1 o f Figure 5. 

High Frequency Capability 

The maximum operating frequency of (2 L frequency-divider 
circuits is a function of the total injector current. For low­
current operation, the maximum toggle-frequency of the 
lip-flops forming the frequency-<livider section increases 

► u 
~ 
::, 
0 ... 
~ ... .., .., 

10MH, 

5 

IMH11 

500 

e 200 

~ 1001\Ht 

:E 
i< 50 
,( 
:( 

20 

TOTAL INJECTOR CURRtNT Ir APPLIED TO PIN t 116 GA TESI 

Figure 6. Ty pical Maximum Toggle Frequency vs. Injector Cur­
rent Characteristics for XR-C409 Frequency Divider Section. 

(NOTE: Clock Input: IV p-p Square Wave} 

linearly with increasing injector current. Typical maximum 
toggle frequency vs. injector current characteristics are shown 
in Figure 6. Note that the maximum toggle-rate obtainable 
is in the range of 3 to 5 MHz, at a total injector current 
level of 1 to 2 mA, which corresponds to individual injector 
currents of approximately 60µA to l 20µA per gate. 

RING-OSCILLATOR SECTIONS 

The ring-oscillator sections of XR-C409 test circuit are in­
tended for measurement of propagation delays associated with 
t2 L gates. Each of these oscillators are made up of a cascade 
of 8 four-output 12 L gates. Figure 7(a) shows the basic 
electrical equivalent circuit of a four-output I2L gate. Its 
corresponding logic symbol is shown in Figure 7(b). The basic 
gate operates as an inverter with single input and four outputs. 
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INJECTOR 

INPUTS 
ICOMMONl 

2 
OUTPUTS 

1 
1} 

: INPUTS ~ ! } OUTPUTS 

EOUIVAleNT CIRC UIT 
LOGIC SYMBOL 

Figure 7. Four-Out put I2 L Gate. 

The propagation delay through an 12 L gate depends on the 
following sets of parameters: 

1. Device design: (i.e., manufacturing methods and device 
layout used in fabrication process). 

2. Injector current level: (gate switching speed increases 
with increasing current, until a maximum is reached). 

3. Cho ice of outputs used : (the output closest to the 
injector has minimum propagation delay at high 
currents). 

4 . Number of ou tputs used: (if fewer outputs are used 
and the unused outputs left open, the gate delay is 
Lower at low currents. However, at high curren ts, i.e ., 
lj ~ I 00µA/gate, gates with fewer outputs left unused 
show lower delays. This is due to excess storage-time 
effects due to open-circuited gate o utputs. See Fig­
ure I 0.) 

Figure 8 shows the basic seven-stage ring-oscillator circuits 
included on the XR-C409 chip to evaluate the propagation 
delay characteristics of 12L gates. Since the delay character­
istics depend on the choice and the number of gate outputs 
used , the test IC includes three separate ring oscillator sec­
tions. The ring oscillator of Figure 8(a) corresponds to section 
(3) in the package diagram of XR-C409 shown in Figure I. 
This oscillator uses o nly one gate-ou tput per gate. The output 
used is the o ne closest to the injector, with the remaining 
outputs left open-circuited. 

The ring-oscillator of Figure 8(b) uses two gate outputs per 
stage. The outputs used are the two closest to the injector. 
The ring oscillator of Figure 8(c) has all four outputs shorted 
together. 

All three oscillator sections of XR-C409 have separate in­
jectors, but share a common ground (pin 8). Each oscillator 
also has a separate output buffer stage. 

Figure 9 shows a recommended test circuit for evaluating 
gate delay vs. gate current characteristics using the ring oscilla­
tor sections of XR-C409. Since each ring-oscillator section is 
comprised of 8 gates, the actual injector current per gate, lj, is 
1 /8 of the total injector current. IT,: 

. . I t IT lj = 10Jector current ga e = 8 (5) 

T he total injector current, IT, is d etermined by the external 
bias resistor, Ra, as given by equation ( 1 ). 

(PIN tt 

INJ£CTOR 

!PIN !,! 

OSCILLAI OR 
n-- - .(') O UT PUT r---.. .,.,, 

PINS 

Ring OsciUator Using Single Gate Output per Stage 
(Section 3) 

INJECTOR 

__ru-

lPIN 10 1 

"---'--" g~~~~ : •OR 

PIN 8 

l b! 

-=-

Ring Oscillator Using Two Gate-Outputs per Stage 
(Section 5) 

PIN 8 

!PIN61 

INJECTOR 

lei 

R ing Oscillator Using Four Gate-Outputs per Stage 
(Section 4) 

_n___n_ 

S1.__r 

Figure 8. Equivalent Circuits of the 7-Stage Ring Oscillator 
Sectio n . 

r v· 

INJECTOR 
!PINS , . I . OR 9 1 _ ___. __ IPINS5 1. 

GROUNO 
!PIN 81 

OR 101 

' CL .....__ 

I 

OSCILLATOR 
O UIPUT 

JUl 
01 • LOW CAPACtT ANCE 

-::- CLAMP DIODE 

Figure 9. Recommended Test Circuit for Evaluating Power­
Delay Charact eris tics o f 12L Gates Using Ring Oscillato r Sec­
tions of XR-C409. 
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Measuring Output Waveforms 

The output terminals of XR-C409 ring counter sections are 
open-collector type terminals, similar to the outputs of the 
frequency divider sections. Thus, the outputs require pull-up 
resistors to the positive supply voltage. The output rise-time 
is strongly affected by the external RC time constant due to, 
the load resistance, RL, and the parasitic load cl!pacitance, 
CL. In the test circuit of F igure 9, a low-capacitance clamp 
diode , D I is used to limit the output swing and thus minimize 
the slow rise-time effects. 

The minimum value of load resistance, RL, is determined by 
the current sinking capability of the output J2L gate. For 
proper operation of the ring-oscillator circuits, the load cur• 
rent, IL, should be limited to: 

(6) 

which limits the output load resistance, RL, for ring-oscillator 
sections to : 

(7) 

Calculating Propagation Delays 

The average propagation delay 1 d per gate can be calculated 
from the ring oscillator frequency, f0 as: 

1 
1d = mro sec (8) 

where N is the number o f stages in the ring oscillator. 

77 

For the case of the 7-stage oscillator circuits in the XR-C409 
test chip, Td can be calculated from equation (8) by setting 
N = 7. 

Figure 10 shows the typical gate-delay vs. injector current 
characteristics measured from the three ring-oscillator sec­
tions of XR-C409. In the figure, the gate delay is plotted as a 
function of the injector current per gate. The gate geometry 
layout of XR-C409 ring-oscillator sections is not optimized 
for high frequency operation. 

10.., ...------,------,------,------, 

.. ,.. 
~ l.;1 1---~0,b------t-
0 

g 500 

" 
~ 200 
::: 

SECTION J 
IONE ou1,u, JOA TEI 

; 100,.J 

" ~ > .., .. 
$E.CTIOH • 
f4 OUfPUTS/CATE.I 

ll)m Ll,-A ...J....-...J----ll~-A ---'---L--,1~0.~A -'---'---:=,00.~A -'--...,_-;-'1mA· 

IN..IECTOA CURR!Nl PER GATE, 11 

Figure 10. Ty pical Propagation Delay vs. Injector Current 
Characteristics as Measured from 7-Stage Ring Oscillator Sec­

tion of XR-C409. 
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Quality Assurance Standards 

The quality assurance program at Exar Integrated System~ 
defines and establishes standards and controls on manu­
facturing. and audits product quality at critical points 
during manufaclllring. The accompanying M,mufacturing/ 
QA process flows illustrate where quality assurance audits. 
by inspection or test. the manufacturing process. TI1e 
in ertion of these quality assurance points is designed to 
insure the highest quality standards arc maintained on 
Exar product during its manufacture. 

WAFER FABRICATION/ QA FLOW 
Polished S1heon She~, M.u.kt. 

leqend 

Pr, Appl1tablt 
Procurement Spec,t 
1ca1,on M OC! 1, 

0 Ope,,u,on 

6 s.,,.,,ttan,o 

QC • Oua111v ConHol 

M Manul&ctunnq 

~ MOC t"s 

Vtmfv lav,, 1h1Ck f1eU 
,nd ,es.1,1w11v mspect 
to, su1ck1nq l•ulls etc 

V1'iut111 ln\Ptt110,i 10 't'ftnly 

Pf'Ol=M"t mt:nk check ,1uin 
n,e.nt undetf"..uthnq proper 
Q XIQ«! lffllt II •1 tlC 

€] 
Mo"'e 10 Auemblv 

Die \Ot l yield ,1n,1lv~o 
,Qp1,ona1 to, t,,(jt ,,tiah,l11v 
m1htatv p,oq.~m\ onlvl 

I 
H1qh R ,.l11b1l11y 

Auemhlv 

I I 
Pl.tUIC 

Anembly 

78 

RealiLing that these standard Manufacturing/QA process 
flows do not meet the needs of every customer's specific 
requirements. Exar quality assurance can negotiate and 
will screen product to meet any individual customer·s 
specific requirement. 

All products ending with the suffix M arc fully screened 
to the requirements of MIL-STD-883. Method 5004. 
Condition C. 

HIGH RELIABILITY ASSEMBLY/ QA FLOW 

Monllof tempe,aturt s.ttung,..b 
ptr lir up tooh, opetator aud,t QC 
E••• OCI 101 

Powef semng,s Openuor ,udil 
Morutot bond pulls. &a 
Eo, OC I 101 OC 

Furn•ce Ce.,,hcauoo &a 
Seal 1-ueog1h, Monitor /\_, 
pe, e .. , OCt 101 ~ 

AC. DC and Func11onal~ 
TMO to d ilt, \hfft 

parimeten 1 °"' AOL QC 

To further er1v1tonment~I .. 
ptt~ond1t1omn9 ,c,ttn1n9. 
oo,n 1n pe, 10d1-.1d1.1at 
cu,tomet ,equuemen1, 

SHIP 

l01t111e se,tah, ed lot 1tavele, 
to m11nta,n traceabthty b.Kk 
to 11hcon mfg 

Wafer.uw 

Pe, M,t Std 883. 
Method 20108 

011/ Fr,1me attach 

Pe, M,t Std 883. 
Method 20108 

Wire Bond 

Pe, Mot Std 883. 
Method 2010 8 
,P,ec.ap Visual tn,pec.uonl 

Seal 

T ,n plate leach 
150 micro inch m1n1mum 

LHd trim 

Stab11tut1on Bake, 
M,1 S td 883, 
Method 1008C 

Temperature cycle 
M,I S td 883 
Method 1010C 

Comtlnt Accele,a11on. 
M,I Std·88 3 
Method 2001E Yl ••" 

fmt LC!!I" , 
M,I Std 883 
Method 1014 A o, 8 

Gron leak. 
M,t Std 883 
Method 1014C Step 1 

Producuon l!'IKtttCII IHI. 
AC. DC. function~ T~u. 

Lot Accep11nce veutv p,od1.1c1 
type. count pKkfQe complehon 
of all procn., requ"eN'H!nU 
Ve11 tv ,equued documen1at1on 
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CERDIP ASSEMBLY/ QA FLOW 

10%AOL /\_ 
EurOCllOO~ 

Monitor Tompe<atur~ { 
Selling. 8ood Pull. QC 
Machine «ft 

1 (1% AOL /\_ 
EurOCtlOO ~ 

furnace Cert1loco1,on ~ 

Mon1t0t Seil Strength /\_ 
Per Eor OCI 102 ~ 

AC DC ,unc11onal te,~ 
04'1' lheet paramete, OC 
1 0% AOL 

Scr1be/8,e~k /Plate 

O puc.at 1nspec:11on. E • •r OCI 100 
(M,I Sid 883. Method 2010 18 mod1f1edl 

Wire bond 

Optical ,ns.pecuon E•u OCI 100 
IM1t Std 883. Method 2010 18 mod1loedl 

s ... , 

T,,m 

Gron Le-ak Bubble le'1 

St1b1hH11on Ba•e 1:,0 C. 
24 hn m,n 

Product,on Te-sung AC, DC. 
1nd Function al Test 2 11 25 C 

PLASTIC ASSEMBLY/QA FLOW 

l°""AOL /\_ 
har OCI 100P ~ 

Vl\uat Monitor { 
Temp,erah,ne ~11,ng /\ 
Bond Pull M ,Khme ~ 
Cert 

I O...AOL /\_ 
E• •r OCI IO0P ~ 

Op11ca1 in,pec1,on pet e • .-, oc1 100P 
(M,I Sid 883 Mfthod 2010 18 modol,edl 

O,e 8ond 

W1r~ Bond 

Op11,ca1 1n,o,echon pe:1 e ••' OCI 100f' 
IM,I Std 883 Me,hod 2010 18 '"od1l,odl 

Stab1hu11on Bike. 125 C 
24 h,, m,n 

1~ P1oduc 11on Teu 
AC DC tind Func.11onal 
!M l dll 2Si C 

Lot Accep1.1nce 

Product Ordering lnforn,ation 

PART IDENTIFICATION : 

XR 
Manufoc1u rer·s Prefix 

Grade 
M = M 11!1:iry 

= Prime 
I· lecl rical 

p = Prune 
r.lcc1 nc:11 

C = ( \,111 mc re 1a I 
K Kil 

xxxxx 
Basic T ype (5 i-pal'.e~) 

Package Type 

= Ceramic Dual-111-lme 
P = Plastic Dual-111 -l111c 
T 
D 

Metal can 
Clup (01cc) 

~ : } Kil var1all1Hl:, 

\V = Wafer 

I· ,.11npk · 

XR-22 16 CN 

Manul°al'.lun:r·, / 13:.1.: \ >a.:ka!!c 
Pre r1>. r ) pt' 

C, ra<lc 
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Definition of Symbols: 

M 

p 
(' 

CP 

= Military c;raue Part. Ceramic Package Only. 
/\II Milita ry Grades have been proccs:;e<l lo 
MI L-STD-883 Level C. and arc guara111ce<l to 
operate over military temperature range. 
Prime Grade Pan. Ccra1111c Package. = 

= 
= 
= 

Prum· Gra<le Part. Pla~llc Package. 
Commercial Crade Part. Ccrarn1l'. Package. 
Cummcn.:i,il C.radc Pan. Plasl ic Packa);!.e. 

. P. C and CP pans .1rc clcctm:ally 1<lcnt1cal amt guara11-
1ccd w opcrak over 0°C' 111 +1.:; 0 c rnn!!e unk,:, 1ltherw1:,l.' 
,w1cu. In add11m11 . N and P parl:, generally have 11pcrallll!( 
parameter:, more t1gh tl) contrnlk:d than the C'l or CP pan,. 

hir 1.kta1b. l'.Olhll ll I· x.ir Sale:, I kat.lquarlt'f:, ur Sak,/1 ed1-
111cal R\.'jHC,l'lll:tt1\ei-. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

FOREIGN SALES OFFICES AND REPRESENTATIVES 

ARGENTINA 
Rayo Electronics SRL 
Belgrando 990 
Pisos 6Y2 
Phone: 37 98 90 
Telex: (390) 122153 (RAYOX AR) 

AUSTRALIA 
A. J . Ferguson (Adelaide) Pty. Ltd. 
44 Prospect Road 
Prospect, S.A. 5082 
Phone 26 91 244 
Tele>. (790) 82635 (HRGAD) 

BELGIUM 
(See Germany) 

BRASIL 
R.Ohm Do Brasil lndustrrn Electronica Ltda. 
Av. Dom Pedro I, 420 
01552 Sao Paulo 
Telex: (39 1) 1121178 (Ull:. L BR) 

DENMARK 
Mer-el A/S 
Ved Kla!debo 18 
DK-2970 Hcjrsholm 
Pho ne: 57 I 000 
Telex: (855} 37360 (MEREL DK) 

FINLAND 
S \V Instruments 
Kar~tulantie 4 
SF--00550 Helsinki 55 
Pho ne: 83 82 65/76 24 86 
Telex: (857) 12/2411 (SWI) 

FRANCE 
Tekelec/ Airtronic 
Rue Carle Vernet 
F-923 10 Sevres 
Phone: (I} 534 75 35 
Telex: (84 2) 204552 (TK Lff A) 

GERMANY (WEST) 
R.Ohm Electronics GmbH 
D-405 I Korschcnbroich 
Muehlenstrasse 70 
Pho ne : (02 16 I ) 29 805 
Tele,: (841 ) 852330 (ROIIM Dl 

GREECE 
General l:.lectromcs Ltd. 
209 Thevon Street 
Nikaia 77. Piracu~ 
Phone: 49 13 595 
Tele,· (863) 212949 CGLLT GR) 

HONG KONG 
R.Ohm Electronics (H.K.) Co .• Ltd. 
Rm 1027A, Ocean Centre 
5. Canton Road, T simshatsui, 
Kowloon 
Pho ne: 3-688841/3-672307 
Telex: (780) 75294 (KSAIIK IIX) 

INDIA 
Zenith l:.lectronics 
541 Panchraina 
Mama Parmanand Marg 
Bo mbay 400004 
Pho ne: 38 42 14 
Telex: (953) I I 3152 CZNTH IN) 

ISRAEL 
CVS Technologies 1974 Ltd. 
9 Jabolinsky 
P.O.8 . 946, Bne1-Brak 
Phone: 25 55 06/25 92 41 
Tele,: (922) 341109 (SHOEL IL ) 

ITALY 
Eledra 3S S.p.A. 
Viale Elvelia, 18 
20154 Milano 
Phone: 34.93.041 
·1 elcx : (843) 332332 (I· UDR.\ I) 

JAPAN 
Tokyo Elec:1ron Lid. 
Panetron Division 
38 FL Shinjuku Nomura Bldg. 
1-26-2, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 160 
Pho ne: 03-343-44 l l 
Telex: (781) 2322240 CLABTH J l 

LIECHTENSTEIN 
(See Swi11crland) 

LUXEMBOURG 
(See Germany) 

NETHERLANDS 
Tekelc.:/Airtronic 8. V. 
Stork S1aa1 7 
2722 N ZoeJermeer 
Phone· 079-310 I 00 
Telex: (844 ) 33332 (TKUC NL) 

NEW ZEALAND 
Professional l:.lectronics Ltd. 
126 Kitchener Road 
Milford. Auckland 9 
Phone: 46 94 SO 
I ele, : {791) 21084 (PRO fON) 
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NORWAY 
Hefro Teknisk A/S 
Trondheimsveier 80 
Oslo 5 
Pho ne: 38 02 86 
Telex : (856) 16205 (HEFRO N) 

SINGAPORE 
R.Ohm Electronics Co. Pte. Ltd. 
Unit C, Third Floor 
Cheng Chwee Huat Ind. Bldg. 
I 18-D, Paya Lebar Ro ad 
Singapore 1440 
Pho ne: 2834327 
Telex : (786) 26648 (ROHM S) 

SOUTH AFRICA 
South Continental Devices (Pty.) ltd. 
Suite 516, 5th Floor. Randover House 
Cor. Hendrik Verwoerd, Dover Road 
Randburg, Transvaal 
Phone: 48 OS IS 
Telex: (960) 8-3324 (SA) 

SPAIN 
Elico Fast roni>. S. A. 
Comiancia 43 
Madrid 2 
Pho ne: 4 I 5 66 54 
Telex : (83 1) 23606 CELICO E) 

SWEDEN 
Lagercran tz Electron ix AB 
Kanalvagen 5 
S-194 0 1 Upplands Vasby 
Phone : (0760) 86 120 
Telex: (854) 11 275 (LAGERS) 

SWITZERLAND 
Amcra Electronics AG 
Lerchenhaldenstrasse 73 
Cll-8046 Zurich 
Phone: (0 I ) 51 11 12 
1 etc, : (845) 59837 (AM ERA CH) 

TAIWAN 
(See Hong Kong) 

UNITED KINGDOM 
Memec Ltd. 
Thame Park Ind. Esta1e 
TI1ame. O"on OX9 3RS 
Pho ne: (084 421) 3 146 
Tele,: (85 1) 837508 (MEMEC G) 

LATIN AMERICA 
lnicctra 
2349 Charlc~ton Road 
ML View. CA 94043 U.S.A. 
Phone: (41 5) 967-8818 
Tele, : 345545 ONnCTRA MNTV) 

ALL OTHER COUNTRIES 
(Call har Direct) 
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AUTHORIZED STOCKING DISTRIBUTORS 

I ALABAMA IDAHO MICHIGAN (Continued) OHIO VERMONT 
Resisticap. Inc. I See Wa)hin[!tonJ Diplomat l:.lectronic~. In,. Graham l-lcc1ronics (See N.:w Hampshire) 

Huntsville I arminf.l0n C"incinnat i 
(205) 881-9270 ILLINOIS (J 1 31 4 77-3200 (513)772-1661 

Diplomat Llectrun1c~. Inc. VIRGINIA 
ARIZONA Bensenville R. M. l:lectronu:s OKLAHOMA (Sec Maryland) 

Sterling l-.lectronics (312)595-1000 Crand Rapid~ Component Speciah ies. lnc. 
Phoenix ( 6 I 61 5 3 1-9 300 ruha 
(602) 258-4531 R. \I. l-lcctromt·~ (918) 664-2820 WASHINGTON 

Lombard MINNESOTA Radar Electric Co., Inc. 
ARKANSAS (312) 932-5150 D1ploma1 blec1ron1c,. Inc. Radio. Inc. Scaulc 
(See Oklahoma) Minneapolis Tulsa (206) 282-2511 

(612)788-8601 1918) 587-9123 
CALIFORNIA INDIANA Sterlin!! Electronics 
Diplomat l:.lectronics. Inc. Graham Flectromn MISSISSIPPI OREGON Seattle 
Sunnyvale Indianapolis cSee Alabama) Radar l:.lenric Co .. Inc. (206) 575-1910 
(408) 734-1900 017)634-8202 Pon land 

MISSOURI (503) 233-3691 
Emitter 1:.lect ronics R. M. l:.lcctronics Olive Industrial Llcctronics WISCONSIN 
Santa Ana lndianapolb S1 Loui~ PENNSYLVANIA Taylor Electric Company 
(213) 299-7600 13171247-9701 (314)426-4500 Advacom Mequon 

hie (414) 241-4321 
An them l:lectromcs MONTANA (814) 476-7774 
San Die[!o IOWA (Call l:.\ar Direct) 
(714) 279-5200 DI· 1-C'O. Incorporated Pioneer 1:.kctrOIIICS WYOMING 

Cedar Rapids NEVADA llor~ham 1See Colorado) 
Anthem Llecironics (319) 365-7551 (See CalifurniJ) I:! 15) 674-4000 
Tustin 
(714) 730-8000 Iowa Technical Supply NEW HAMPSHIRE RHODE ISLAND 

Cedar Rapid~ Yankee l-.lcctric Supply <Sec Massachu,;ct1s) 
Anthem l:.lectronics (319) 377-5795 Mand1c,1er CANADA 
Sunnyvale (603) 625-9746 SOUTH CAROLINA l· uturc Electronics 
(408) 738-1111 (St!c Maryland) Montreal, Quebec 

KANSAS NEW JERSEY (514) 731-7441 
JACO Radio Supply Diplomat Llcctromcs. Inc-. SOUTH DAKOTA 
Chatsworth Wichita Mount Laurel CCall bar Direl·t) ln1ek Electronics Ltd. 
(213) 998-2200 (316) 267-5216 (609) 234-8080 Vancouver. B.C. • TENNESSEE (604) 324-6831 
Western Micro Technolo11r KENTUCKY Diplomat I leclr<lmc,. Inc. !Sec Alabama) 
Cupertino (See Indiana) TolO\\ ,l R-A·F Industrial Elect. Ltd. 
(408) 725-1660 (201\785-1830 Burnaby. B.C. 

LOUISIANA TEXAS (604 I 291-8866 
COLORADO (See Te,as) NEW MEXICO Component Specialties. Inc. 
Bell Industries Bell lndu~tric, Ausltn PAAR Ind. l-lectronics Ltd. 
Wheat ridge MAINE Albuquerque (512) 837-8922 Calgary. Alberta 
(303) 4 24-1985 (See New llampsh1re) (5 05 l 292-2700 (403) 287-2841 

Component Special tic~. Inc. 
Diplomat l:.lectronics, Inc. MARYLAND NEW YORK Dalla, PAAR lnd. l· lectronicsL1d. 
Denver Diplomat l:.leclronic,. Inc. Component\ Plu, (214) 357-6511 Fdmonton. Alberta 
(303) 427-5544 Columbia 1-lauppauge (403) 4 36-4445 

(301) 995-1226 (51()1 '.!31-9200 Component Spcc1all ,cs. Inc. 
CONNECTICUT llou,1on \\'. I . S. Lim11ed 
Diplomat Electronics. Inc. Pioneer Llec tronics l)iplomal 1-l.:ctromc,. lnl' . (713) 771-7237 Winncpeg, Ma1111oba 
Danbury Gaithersburg Mel\ille (204) 632-1260 
(203) 797-9674 C 30 I) 948-071 Cl (516) 454-6400 Quahl>' Component,. Inc. 

Au,1in Cam Gard Supply Ltd 
DELAWARE JACO 1512) 838-0551 Cal[!ary. Alberta 
(See Pennsrlvan1a) MASSACHUSETTS llauppau~.: (403) 287-0520 

Diplomat l:.lcctronics. Inc. 1516) '.!7 3-5500 Quahl} Components. Inc. 
FLORIDA llollh1on Dallas Cum Gard Supply Ltd. 
Diplomat Southland (6 17)429-4121 Zeus Components. lne. {214) 387-4949 Saskatoon. Saskatl"hcwan 
Clearwater I lm,furd c 306) 65 2-64 24 
(813) 443-4514 Gerber Ucci ron1cs (914) 592-4120 Qualll> Component,. Inc 

Dedham llouston Cam Gard Supply Lid. 
Diplomat Southland C6l7l 329-2400 NEW YORK (UPSTATE) (713) 772-7100 1 oronto. Ontario 
l-t. Lauderdale 1)1ploma1 l lcc1ron1c,. Inc. (416) 252-5031 
(305) 971-7160 RC Component~ I Syrat:use UTAH 

\\ ilmm~ton (315) 437-9900 Re II Ind ll\111.:, Cam Gard Suppl~ Lid 
Diplomat Southland (617l657-4310 Sall Lake C11y Vancouver. B. C 
Palm Bay NORTH CAROLINA (8011 972-6969 (604) 291-1441 
(305) 725-4520 MICHIGAN rScc "laryland) 

C'amclo1 Electronics. Inc. DiplomJI I lc,1ron1c,. Inc Cam Gard Supply Lid. 
GEORGIA Livonia NORTH DAKOTA Salt Lak" Cit> \\'tnmpc)!. Man11oba 
(See Horida) (31 J) 59 1-0055 (Call I· \Jr D1rec1 I IRO I l 486-41 N (204) 786-8401 

e 
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AUTHORIZED REPRESENTATIVES 

ALABAMA HAWAII MISSISSIPPI NORTH CAROLINA TEXAS (Continued) 
Rep, Incorporated (Call Exa.r Direct) (See Alabama) Component Sales, Inc. Technical Marketing, lnc. 
11527 S. Memorial Pkwy. P.O. Box I 882 I 6430 Hillcroft,Suite 104 I Hu ntsville, AL 35803 IDAHO Raleigh, NC 27619 Houston, TX 7708 l 
(205) 881-9270 (See Washington) MISSOURI (9 19) 782-8433 (713) 777-9228 
nvx sio-126-2102 Dy-Tron ix, Inc. nvx 5t0-928-0513 

11 I 90 Natural Bridge 
ALASKA ILLINOIS (NORTH) Bridgeton, MO 63044 UTAH 
(Call bar Direct) Janus, Incorporated (314) 731-5799 NORTH DAKOTA SK Component Sales, Inc. 

3166 Des Plaines Ave. nvx 9 10-762-065 1 (See Minnesota) 25 20 S. State 
ARIZONA Suite 14 Salt Lake City, UT 84 1 I 5 
Summit Sales Des Plaines, IL 60018 (801) 4844222 
7 336 E. Shoeman Lane (312) 298-9330 Dy-Tronix, Inc. OHIO 
Suite I 16E 13700 E. 42nd Terrace McFadden Sales VERMONT 
Scottsdale, AZ 85251 ILLINOIS (SOUTH) Suite 202 4645 Executive Drive (See Massachusetts) 
(602) 994-4587 (See ~fosouri) lndependence. ~1O64055 Columbus, OH 43220 
TWX 910-950-1283 (816) 373-6600 (614) 459-1280 VIRG INIA 

INDIANA nvx 8J0-482- t623 (See Maryland) 
ARKANSAS (See Ohio) 
(See Oklahoma) MONTANA 

(See Colorado) OKLAHOMA WASHINGTON 
CALIFORNIA (NORTH) IOWA Technical Marketing. Inc. SD-R2 Products & Sales 
Trident A$sociates, Inc. Oytronix. Inc. NEBRASKA 9717 East 42nd St. 14042 NE 8th Street 
556 Weddell Dr.,Suite 9 23 Twixt Town Road, NE (See Missouri) Suite 210 Suite 201 
Sunnyvale, CA 94086 Suite 20 I Tul~,OK 741 45 Bellevue, WA 98007 
( 408)7 34-5900 Cedar Rapids, IA 52402 NEVADA (918) 622-5984 (206) 747-9424 
TWX 910-339-9352 (3 19) 377-8275 (See California North) nvx 9!0443-2483 

CALIFORNIA (SOUTH) KANSAS NEW HAMPSHIRE OREGON 
Varigon Associates (See Mi~souri) (See Massachusetts) (See Washington) WASHINGTON, D.C. 
137 Eucalyptus Drive (See Maryland) 
El Segundo. CA 90245 KENTUCKY PENNSYLVANIA (WEST) 
(213) 322-1 120 (See Ohio) NEW M EXICO (See Ohio) WEST VIRGINIA 
nvx 9 10-348-7 141 Tri-Trani, (See Ohio) 

LOUISIANA 302C San Pablo S.f.. 
Yangon/ARC (See Texas) Albuquerque. NM 87108 PENNSYLVANIA (EAST) WISCONSIN (S. EAST) 
2356 Moore St., Suite 102 (505) 266-7951 Knowles Assoc., Inc. (See Illinois) •• San Diego, CA 92110 MAINE TWX 910-989-1680 I Fairway Plaza.Suite 311 
(714) 299-5413 (See Massachusetts) Huntington Vly. ,PA 19006 WISCONSIN {WEST) 

(215) 947-5641 (See Minnesota) 
COLORADO NEW JERSEY (NORTH) nvx 5 10-665-5303 
SK Component Sales, Inc. MARY LAND (See New York C'lty) WYOMING 
5925 E. Evans Avenue Component Sales, Inc. (See Colorado) 
Suite 204B 3701 Old Court Rd. NEW JERSEY (SOUTH) RHODE ISLAND 
Denver, CO 80222 Suite 14 (See Pennsylvania) (See Massachusetts) 
(303) 759·1666 Baltimore, MD 21208 CANADA (EAST) 
nvx 910-93 1-2644 (301) 484-3647 SOUTH CAROLINA R.F.Q. Limited 

nvx 110-862-0852 NEW YORK (UPSTAT E) (See North Carolina) 385 The West Mall 
CONNECTICUT Quality Components, Inc. Suite 209 
PhoenL\ Sal~s 2095 Kensington Avenue SOUTH DAKOTA Ltobiooke. Ontario 
389 Main Street MASSACHUSETTS Buffalo, NY 14226 (See Minnesota) M9C' IE7 
Ridgefield, CT 06877 Contact Sales. Inc. (716) 839-4170 (4 16) 626-1445 
(203) 438-9644 I 01 Cambridge Street nvx 6 t 0-492-2540 
nvx 7 10-467-0662 Burlington, MA 01803 Quality Components, Inc. TENNESSEE 

(617) 273-1520 I I 6 E. I· ayette St. Rep, Incorporated R.f.Q. Limited 
DELAWARE TWX 7 I 0-332-6569 Manlius, NY 13104 I I 3 S. Branner Ave. P.O. Box 213 
{See Maryland) (315) 682-8885 Jefferson City, TN 37760 Dollard Des Ormeaux 

nvx 110-545-0663 (615) 475-4105 Montreal, Quebec 
FLORIDA MICH IGAN TWX 810-570-4203 H9G 2H8 
EIR. Incorporated {See Ohio) (514) 694-5124 
701 E. Semoron Blvd. NEW YORK (CIT Y) TEXAS T LX 05-821762 
Suite 112 MIN NESOTA ERA, Incorporated Technical Marketing. Inc. 
Altamonte! Sprin~s. FL Dan'! Engineering I Dupont Street 3320 Wiley Post Road R.F.Q. Limited 

32701 12350 W. 175th St. Plainview, NY I 1803 Carrollton, TX 75006 3 Starwood Avenue 
(305) 830-9600 Lakeville, MN 55044 (516) 349-1190 (214) 387-360 I Ottawa, Ontario K2G IX7 
TWX SICJ.853-9213 (612) 435-6000 TIVX510-22l-1849 TWX 9 10-860-5158 (613) 226-6610 

~ 
EXAR 

EXAR INTEGRATED SYSTEMS, INC., P.O. Box 62229, Sunnyvale, Cal ifornia 94088 • Phone (408) 732- 7970 

wigfi
Stolen 2 Line Transparent
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