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Typical values:

Graphics Frequency Synthesizers

Table 14: Typical Current Drain Values

Frequency Calli?)giéive Current (mA )
5 Volts 3.3 Volts
low low 15 10
high low 40 26
high high 65 44

should not exceed 7.5 mA @ 5V or 5 mA @ 3.3V. In Power-Down Mode 2, the power consumption

When in Power-Down Mode 1, and using a 14.31818 MHz reference crystal, the power consumption B

should not exceed 50 HA @ 5V or 35 pA @ 3.3V.

V1.2 (11/15/93)
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3.3 VoIt & 5 Voit Issues

The use of 3.3 Volts as a supply voltage greatly reduces the power consumption of portable systems.
However, for the foreseeable future, some peripherals may be unable to run at 3.3 Volts. This implies
that the ICD2063 might have to function in mixed 5V/3.3V systems. The following discussion will
attempt to address the various issues involved in mixed supply usage of the ICD2063.

VDD & AVDD

The ICD2063 has two isolated power leads: VDD and AVDD. Each supply may be independently run at
either 3.3V or at 5V. The VDD rail supplies power to the I/O pad ring and core. All outputs and inputs
are referenced to this voltage input. The device has a 4-Volt Detector which determines the pad’s operat-
ing voltage and adjusts the threshold for the input pins. This guarantees that at either voltage, the inputs
maintain TTL compatibility. If the voltage dynamically changes on the VDD line (for instance going
from 5V to 3.3V), the thresholds will be maintained properly.

The AVDD pin supplies power to the VCO core. Since the VCO needs to know what the supply voltage
is, a second 4-Volt Detector is placed on AVDD to set the VCO operation properly. If the voltage
dynamically changes on the AVDD line (again, say from 5V to 3.3V), the VCOs will lose lock momen-
tarily when the 4-Volt detector triggers, and will re-lock to the desired value after a brief settling time.
(Fig. 8: Effect of Supply Voltage Change to Clock Output on page 219) This time should be less then

5 msec. This period of instability could cause a glitch in the output.

If a system requires dynamically changing from 5V to 3.3V and back (for example some docking sta-
tions), and proper glitch-free output must be maintained during the transition period, then the AVDD
supply line should remain at 3.3 Volts while the VDD pin can float to the desired levels. If this split
mode is to be used, then the control bit, Split Supply Mode, should be properly set. (See Control Regis-
ter Definition on page 205 for more details.) Also note that, in this mode, the frequency range is limited
to the narrower 3.3V values.
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FREQUENCY (MHz)

Graphics Frequency Synthesizers

A
Normal Supply VCO VCO re-locked
Operation Voltage Unstable to new supply
Change voltage
<5 msec
VCLKOUT
MCLKOUT /
|
4V detect
I P TIME (msec)
VDD & AVDD = 3.3V —p<¢——VDD & AVDD = 5V —»

Fig. 8: Effect of Supply Voltage Change to Clock Output

Mixed Voltage Interfaces

The other issue which must be addressed is interfacing the ICD2063 into mixed-voltage systems. The
following 2 tables depict the various configurations:

Table 15: ICD2063 Driving other Devices

Othi

1CD2063 Device Status
5V 5V OK

33V sV OK if driving TTL inputs; if driving CMOS inputs, then
’ ICD2063 output will appear to have a low duty cycle.
sy 33V Potential latch-up problems with other devices; will work

’ if other device’s input will accept Viy = VDD +2V.
3.3V 3.3V OK

V1.2 (11/15/93)
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Table 16: Other Devices Driving ICD2063

220

Davice I002063| Status
5V 5V OK
3.3V 5V | OK
TTL outputs only; input to ICD2063 must not exceed
v 33V VDD + 0.3V
3.3V 3.3V OK
ICD2063 V1.2 (11/15/93)
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Frequency Transition Options

The ICD2063 may be configured for one of two frequency transition options: the Smooth Transition
Option or the MUXREF Option (for compatibility with the ICD2061A).

Smooth Transition Option

Upon changing VCLK or MCLK, either by reprogramming the active register or by selecting a new reg-
ister, the output will transition in one of two basic ways, depending on the post-divide values (Post-
divide is used to divide down the VCO output to frequencies below the normal VCO operating range):

* Normal Operation — If the post-divide value (M) is the same for both frequencies
(original and target), then the output will transition smoothly and linearly from the original

to the target frequency, with no overshoot. n
fout

A

VCO Settle Time

freq2

freqt

p time

-— tyco ——»

Fig. 9: Frequency Transition
Smooth Mode: Normal Operation
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* Post-Divide Operation — If the post-divide value (M) differs between the original and
target frequencies, then the output behaves somewhat differently, but will never exceed the
greater of the original and target frequencies.

1. If the post-divide value decreases (say from +2 to +1), then there is, first, a smooth
transition to the target frequency +2; second, the post-divide is changed, resulting in an
instantaneous transition to the target frequency.

2. If the post-divide value increases (say from +1 to +2), then post-divide is, first,
immediately set to the new value, resulting in an instantaneous transition to an output
frequency that is half the original; second, there is a smooth transition from this
frequency to the target frequency.

fout
A
VCO Settle Time
freq2
e ttimeout ————»]
freqi
intermediate
frequency
» time

«—tyco —> k
glitch-free

Fig. 10: Frequency Transition
Smooth Mode: Post-Divide ‘M’ Values Differ
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A VCLK PLL (Internal) + VCLKOUT Actual Output
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315 : ' : 315 : )
|
| ; | | . | | !
l : ‘ ! | ' ! |
1 L
TIME > TVE >

EXAMPLE: 45MHz = 75MHz = 45MHz

Fig. 11: Smooth Frequency Transition Example
MUXREF Option

The other option for frequency transition is to multiplex the output of the VCO undergoing change to
some alternate stable frequency until the VCO has settled to the new frequency value. This option pre-
serves compatibility with the earlier ICD2061A.

In general, any changes to the VCLK VCO will result in the Reference Frequency (frgr,)) being multi-
plexed to the output. However, since most video controllers now use the MCLK output as their principal
clock source, and since an frgr) of 14.31818 MHz is in many cases too slow for proper operation of the
VGA chip, changes to the MCLK VCO will result in the VCLKOUT signal being multiplexed to the
MCLK output.

The following five cases detail specifics about operation with the MUXREF option during frequency
transitions.

Case 1: MCLK PLL Transition — Reprogramming of the Active Register

When a new frequency is being set for the active MCLK register, then a glitch-free multiplexing to the
VCLKOUT signal is performed. For more details, see Fig. 16: Active MCLK & VCLK Register Pro-
gramming Timing (MUXREF Mode) on page 234.
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Case 2: VCLK PLL Transition — Reprogramming of the Active Register

When a new frequency is being set for the active VCLK register, then a glitch-free multiplexing to the
reference signal frgp) is performed. For more details, see Fig. 16: Active MCLK & VCLK Register Pro-
gramming Timing (MUXREF Mode) on page 234.

Case 3: MCLK PLL Transition — Changing Register Selects

When a new MCLK frequency is being set by the register selects, then a glitch-free multiplexing to the
VCLKOUT signal is performed. For more details, see Fig. 17: Selection Timing (MUXREF Mode) on
page 234.

Case 4: VCLK PLL Transition — Changing Register Selects

When a new VCLK frequency is being set by the register selects, then a glitch-free multiplexing to the
reference signal (fggp,)) is performed. For more details, see Fig. 17: Selection Timing (MUXREF Mode)
on page 234.

Case 5: VCLK & MCLK PLL Transition — Changing Register Selects

If the Reset Option is configured and the select sequence is chosen which results in a coincident change
in both MCLK and VCLK registers (i.e., selects go from being 71 or go to being /1), then first a new
MCLK frequency is set with a glitch-free multiplexing to the current VCLKOUT signal, followed by
the new VCLK frequency being set with a glitch-free multiplexing to the reference signal (frgF)) being
performed. For more details, see Fig. 18: VCLK & MCLK Selection Timing (Concurrent Change) on
page 235.
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General Considerations
Operation with the ICD2029

A powerful feature of the ICD2063 is the ability to use it with other clock generators which are Serially
Cascadable compatible (such as the ICD2029 PC Motherboard Clock Generator).

The combination of these 2 clock generators will provide the most comprehensive timing generation
and power-down options currently available for portable computers. The advantage of Serially Cascad-
able support is that the ICD2029 can be directly programmed via the same resources that drive the
ICD2063.

1CD2029 ICD2063
XSYSB1 SYSBUS
14318 MHz oystal == ——— |——| XTALIN
XSYSB2 22pF (5V)
68pF (3.3V)
—— | SELO/CLOCK
Cs0 »50/CLOCK
SEL1/DATA
cst »|s1/DATA ™
VGA
Controller

Fig. 12: Cascading the ICD2063 & the 1CD2029

For more details on this operation, pleases refer to the ICD2029 Datasheet.

Phase-Locked Loop Circuit Description

Each oscillator block is a classical phase-locked loop connected as shown below. The external input fre-
quency f(rg) goes into a divide-by-n block. The resultant signal becomes the reference frequency for
the phase-locked loop circuitry.

The phase-locked loop is a feedback system which phase matches the reference signal and the variable
synthesized signal. The system averages zero phase error between the negative edges arriving at the
phase detector. The phase error at the charge pump tells the VCO either to go faster or slower as
required. The greater the change in control voltage, the greater the change in the VCO’s output fre-
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quency. This up and down movement of the variable frequency will quickly lock on to the reference fre-
quency, resulting in an output oscillation as stable as the input reference. An internal loop filter provides
stability and damping.

Phase Charge
+q Detector > Pump ?’ vco
4

Internal
Loop Filter
+Prescale J<&-
U >
ode
code | 5. g post-VCO divider select (M)
4 . Special functions (VCLK)

Fig. 13: Phase-Locked Loop Oscillator
Stability and “Bit-Jitter”

The long-term frequency stability of the IC DESIGNS phase-locked loop frequency synthesis compo-
nents is good due to the nature of the feedback mechanism employed internally in the design. As a
result, stability of the devices is affected more by the accuracy of the external reference source than by
the internal frequency synthesis circuits.

Short-term stability (also called “bit-jitter”) is a manifestation of the frequency synthesis process. The
IC DESIGNS frequency synthesis parts have been designed with an emphasis on reduction of bit-jitter.
The primary cause of this phenomenon is the “dance” of the VCO as it strives to maintain lock. Low-
gain VCO’s and sufficient loop filtering are design elements specifically included to minimize bit-jitter.
The IC DESIGNS families of frequency synthesis components are all guaranteed to operate at a jitter
rate low enough to be acceptable for graphics designs.

Frequency Range
The following table lists the various frequency limits for each output:
Table 17: Frequency Ranges

5 Volt Operation | 3.3 Volt Operation
VCLKOUT 390 KHz ~ 135 MHz 390 KHz - 100 MHz

MCLKOUT 312 KHz - 100 MHz 312 KHz - 80 MHz
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Output Disable

When the OUTDIS pin is asserted (active low), all the output pins except XTAL OUT enter a high
impedance mode, to support automated board testing.

External Clock Input (Feature Connector Compatibility)

To maintain backward compatibility to the VGA feature connector standard, the Video Clock output
VCLKOUT can multiplex between the clock synthesizer output and the external clock input FEAT-
CLK. This multiplexing is controlled by the INTCLK input signal and appropriate decode of selection
signals (SELO, SEL1). See the section Register Selection on page 203 for more information.

XBUF — Buffered Crystal Reference Output Option

A buffered crystal oscillator output is optionally available as a user-configurable option on pin 10
(ERROUT/XBUF). Its output is identical to the reference frequency. Selection of this option replaces
the ERROUT function.

PC Board Routing Issues

Traditionally, having multiple crystals has allowed the designer to locate them in those places on the
board where they are needed. Using a monolithic circuit puts some constraints on the PC board layout to
accommodate a single source of all clocks, particularly at frequencies above 50 MHz.

A full power and ground plane layout should be employed both under and around the IC package. The
analog power pin (AVDD) should be bypassed to ground with a 0.1uF multi-layer ceramic capacitor
and a 2.2uF/10V tantalum capacitor wired in parallel. Both capacitors should be placed within 0.15” of
the power pin. A 22Q resistor placed between the power supply and the AVDD pin can help to filter
noisy supply lines. Refer to IC DESIGNS Application Note Power Feed and Board Layout Issues on
page 281 for more details and for illustrative schematics.

The designer should also avoid routing any of the output traces of the ICD2063 in close parallel proxim-
ity. Large routing lengths and large fanouts add capacitance to output drivers. Capacitance affects the
rise and fall times of the outputs. Large fanouts should therefore be buffered, particularly for the highest
frequencies. When designing with this device, it is best to locate the ICD2063 closest to the device
requiring the highest frequency.

FCC & Noise Issues

A conscious design effort was made to achieve the optimum rise & fall times at the output pads in order
to produce acceptable signals at the clock destinations when operating at high frequencies. Unfortu-
nately, the production of the squarest possible square waves can lead to the generation of high-energy
odd harmonics, which can result in extraneous emissions.
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For techniques on how to design with this device while taking FCC emission issues into consideration,
please refer to the IC DESIGNS Application Note, Minimizing Radio Frequency Emissions on
page 285.

Minimized Parasitic Problems

All of the IC DESIGNS families of frequency synthesis components have been optimized to reduce
internal noise and crosstalk problems. To minimize adjacency problems, all the synthesis blocks are
physically separated into discrete elements with their output oscillator pins placed on opposite sides of
the die. Further, all the synthesis VCOs are separated from their digital logic. Finally, separate power
and ground buses for the analog and digital circuitry are used.

Temperature and Process Sensitivity

Because of its feedback circuitry, the ICD2063 is inherently stable over temperature, voltage and manu-
facturing process variations. Incorporating the loop filter internal to the chip assures that the loop filter
will track the same process variations as does the VCO. With the ICD2063, no manufacturing “tweaks”
to external filter components are required as is the case with external de-coupled filters.
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Ordering Information

Table 18: Configuration Options

Option Choices -1 -2 -3
Pin 10 Function ERROUT -or- XBUF XBUF ERROUT ERROUT
Pin 14 Function RESET -or- SELM SELM RESET SELM
Frequency Transition | Smooth —or—- MUXREF Smooth MUXREF Smooth
Table 19: Order Codes

Part Number Package Type Temperature Range Chip Options

ICD2063 | s=16-Pin SOIC DIP C = Commercial® -1,-2,-3

a. 0°C to +70°C

Example: order ICD2063SC-1 for the ICD2063, 16—pin plastic DIP, commercial temperature range
device with the initial frequencies shown in Table 3: Register Initialization ROM on page 203.
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Device Specifications

Electrical Data

Table 20: Maximum Ratings

JTCDESIGNS

Name Description Min Max Units
Vpp & AVpp Supply voltage relative to GND -0.5 7.0 Volts
Vin Input voltage with respect to GND -0.5 Vpp + 0.5 Volts
TstoR Storage temperature 65 +150 °C
TsoL Max soldering temperature (10 sec) +260 °C
Ty Junction temperature +125 °C
Ppiss Power dissipation 375 mWatts

NOTE: Above the Maximum Ratings, the useful life may be impaired. For user guidelines, not tested.

OPERATING RANGE: Vpp & AVpp = +5V 5% (4+3.3V +£10%); 0°C < TopmpienT < 70°C
(This applies to all specifications below.)

Table 21: DC Characteristics

Name Description Min Typ Max Units Conditions
Supply voltage relative to GND?
Vpp & 390 KHz — 100 MHz 3.0 3.6 Volts  VCLK specs shown
Avpp 390 KHz - 120 MHz 45 5.5 (MCLK low end =
390 KHz — 135 MHz 4.75 5.5 312 KHz)

Vi High-level input voltage 2.0 Vpp+0.3  Volts

Vi Low-level input voltage -0.3 0.8 Volts

Vou High-level CMOS output voltage Vpp— 0.5 Volts  Igy=-4.0mA

VoL Low-level output voltage 04 Volts  Igp =4.0mA

Iig Input high current 150 MA  Vig=Vpp-05V
I Input low current -250 HA V=05V

Ioz Output leakage current 10 MA  (3-state)

Ipp Power supply current 15/10 65/44 mA 5V/33V

Ipp.ryp Power supply current (typical) 35/24 80/50 mA 5V /3.3V (60 MHz)
Iapp Analog power supply current 10 mA

Ippy Power-down current (Mode 1) 6/4 75/5.0 mA 5V/33V

Ippy Power-down current (Mode 2) 25720 50/35 HWA  5V/33V
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a. For transition between 3.3V and 5V operation, refer to 3.3 Volt & 5 Volt Issues on page 218.

Table 22: AC Characteristics

Symbol  Name Description Min Typ Max Units
Reference Oscillator nominal value
reference (NOTE: for references other than
fREF  frequency  14.31818 MHz, the pre-loaded ROM 1 14318 60 MHz
frequencies will not be accurate.)
reference
t(REF) pCl‘l od 1+ f(REF) 16.6 1000 ns
4 input duty Duty cycle fo.r the input oscillator, 25% 50% 75%
cycle defined as t] - t(REF)
193 output clock  VCLK output values Vpp=5V 741
periods (135 MHz) 2564
Vpp=33V 100 (390 KHz)
(100 MHz)
ns
MCLK output values Vpp=5V  10.0
(100 MHz) 320 5
Vpp =3.3V 12.5 (312 KHz)
(80 MHz)
output dut Duty cycle for the output oscillators
t e Y NOTE: measured at CMOS threshold 40% 60%
y levels (Vpp +2) [@ 5V, Vg =2.5V]
¢ rise times Rise time for the output oscillators into a 3 ns
4 25pF load.
. Fall time for the output oscillators into a
ts fall times 25pF load. 3 ns
treq1 freql output  Old frequency output
treq2 freq2 output  New frequency output
f mux Time clock output remains low while Y(REF) Y (REF)
ta (REF) 3 ns
time output muxes to reference frequency 2 2
Internal interval for special programming,
timeout and for VCO changes to settle.
timeout  jpterval (If the interval is too short, read about the 2 5 10 msec
timeout interval in the Control Register
Definition on page 205.)
treq2 MUX Time clock output remains low while Lireq2 Lfreq2
tB . 33— ns
time output muxes to new frequency value 2
Time for the output oscillators to go into 3-
% 3-state state mode after OUTDIS signal assertion 12 ns
Time for the output oscillators to recover
t; clock valid from 3-state mode after OUTDIS signal 0 12 ns
goes high
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Table 22: AC Characteristics (Continued)

Symbol  Name Description Min Typ Max Units
tg Power-Down  Time for Power-Down Mode to take effect 12 ns
to Power-Up Time to recover from Power-Down Mode 12 ns
t MCLKOUT  Time for MCLKOUT to go low after 0 1 ns
10 high PWRDWN is asserted high tbWRDWN
t MCLKOUT  Delay of MCLKOUT prior to fyjcp g signal 'McLK 3 tMcLk ns
1 delay at output 2 2

toercik Clock period of serial clock 2*tREF) 2 msec
tsy Setup time 20 ns
tyup Hold time 10 ns

tidemd Load command time 0 ty +30 ns

NOTE: Input capacitance is typically 10pF, except for the crystal pads.
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Timing Diagrams

Fig. 14: Rise and Fall Times

——— Y(Rer)
-+t

XTAL IN
[(freR)]

t
VCLKOUT I
MCLKOUT :
10%

Fig. 15: 3-StateTiming

] t 7
:\IIICCIi-.II((oOLl'J-!l.' | 3-state oscillator output ’
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Fig. 16: Active MCLK & VCLK Register Programming Timing (MUXREF Mode)

VCO Settle Time New Frequency
Stop Bit
}4—— ttimeout —>|
(Internal :
Timeout) : ™~

N

<
f S A b
"tf—;e;:{ h:" tRer) ;ta tireq2
mewkout | [T [T [ | T
SE L Re =h

tfreq1 ta tz(VCLK) tg tfreq2

Fig. 17: Selection Timing (MUXREF Mode)

Selckon Recopnition T, VCO Setl Time | X Fraquency
SELO & ' .
SEL1 X f
(Internal d*_ timeout —>1 e— timeout —

Timeout) N 7 ~

verkout | [T L L 1h8
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«—> “«> < > e
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Fig. 19: Soft Power-Down Timing

This is when VCLKOUT
directly muxes to VCLK PLL

/ (may glitch)

VCLKOUT (forced low) |_
W : fverk*
Y —>' to [ty |
MCLKOUT ﬁ v ﬁ I_
W (value fromfm\llalgg\rl‘VN Register) fuewk”

* It takes 5 msec after Soft Power-Down to guarantee lock of VCLKOUT & MCLKOUT PLLs

Fig. 20: Serial Programming Timing

tsercik Unlock Sequence Start
: | | | nxs i Bit

1 2 3 4 5 , .
CLK AL LFL T ALE
E tSU tsu H H
DATA . .
: Valid Data Sequence (24 bits) : 5;}‘2’ :
oK T * iy
g tsu tHD tsu tHD tSU;- g

DATA -hD-l — 77

’ 0 0 1 1 0 -

" Yidemd ;
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Revision History / Credits

V1.2 (11/15/93) — Preliminary Release
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1CD2051

Dual Programmable Clock Oscillator

Single-Chip Programmable Oscillator Replaces Traditional Can Oscillators
in Multi-Frequency or Variable Frequency Environments

¢ 2 Independent Clock
Outputs Ranging from
320 KHz - 120 MHz

!
XTAL1, | > > !
« Individually Programmable > - etector [ | Pump ? > Voo I
Oscillators Using a 22-bit Input rom : ) Internal |
Serial Word oscillator | | . Loop Filter :
orcrystal| o <2p J= !
|| uCode [77 7 !
e Low-Skew +1 and +2 Outputs, m. | | Decode -73;>post-VCO divider select :
plus +4 CLKA Output | 4 VCO range select |
. Phase-Locked Loop Oscillator Section A |
¢ Phase-Locked Loop Oscillator
Input Derived from External MUX
Low-Frequency Reference o \
Clock (1 MHz — 60 MHz) 1 .
or External Crystal MUXREFA
(2 MHz - 24 MHz) > 4
« 3-State Oscillator Control Dis-
ables Outputs for Test
Purposes (Optional) — 1 mux
Section B g
* Sophisticated Internal Loop 2 ]
Filter Requires no External SCLKA — 5 Serial »
Components or Manufactur- DATA | RovrA T T
ing “Tweaks” as Commonly Serial GND VDD
Required with External Filters SC/¥P > RovrB
MUXREFB

* 5V Operation

Fig. 1: ICD2051 Block Diagram
¢ Low-Power, High-Speed
CMOS Technology

¢ Available in 16-Pin SOIC
Package Configurations
|
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Introduction

The ICD2051 Programmable Clock Generator offers 2 fully user-programmable phase-locked loops in
a single package. The outputs may be changed “on the fly” to any desired frequency value between
320 KHz and 120 MHz. The ICD2051 is ideally suited for any design where one or more multiple or
varying frequencies are required, replacing more expensive metal can oscillators.

The capability to change the output frequency dynamically adds a whole new degree of freedom for the
electrical engineer heretofore unavailable with existing crystal oscillator devices. Some examples of the
uses for this device include: laptop computers, in which slowing the speed of operation can mean less
power consumption or speeding it up can mean faster operation; graphics board dot clocks to allow
dynamic synchronization with different brands of monitors or display formats; and on-board test strate-
gies where the ability to skew a system’s desired frequency (for example: +10%) allows worst case
evaluations.
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Table 1: Signal Descriptions

Pin # Signal Function

1 SCLKB SCLKB is the serial clock input line for CLKB.

MUXREFB = 0, CLKB equals input reference frequency.
2 MUXREFB MUXREFB = 1, CLKB equals programmed frequency.
This is used if glitch-free frequency changes are required.

Output Disable (3-State Output Enable) when signal is pulled low.
3 | OUTDISB : L Ok .
(Internal pull-up allows no-connect if 3-state operation is not required.)

4 GND Ground

Input Reference Oscillator derived from available reference signal

3 FREF / XTAL1 or attached crystal. (see XTAL2)

Oscillator Output to a reference Series-Resonant Crystal. For higher accuracy, a
Parallel-Resonant Crystal may be used. Assume CLOAD = 17pF. For more

6 XTAL2 specifics on crystal requirements please refer to the IC DESIGNS Application
Note Crystal Oscillator Topics on page 292. (Pin is no-connect if external
reference oscillator is used.)

7 XBUF Buffered Crystal Oscillator Output. CMOS/TTL compatible.

8 CLKB CLKB Programmable Oscillator Output

9 CLKA CLKA Programmable Oscillator OQutput

10 CLKAR2 I(\:I];tléﬁ)g:‘gﬁ:iztypit has low skew with respect to the CLKA output.
11 CLKA/4 CLKA divided by 4.

12 | SCLKA SCLKA is the serial clock input line for CLKA.

13 | VDD +5V

14 | OUTDISA Output Disable when signal is pulled low.

(Internal pull-up allows no-connect if 3-state operation is not required.)

MUXREFA = 0, CLKA equals input reference frequency.
15 | MUXREFA MUXREFA = 1, CLKA equals programmed frequency.
This is used if glitch-free frequency changes are required.

16 | DATA Serial data input line for both programmable clock oscillators.
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General Considerations
Programming the ICD2051

The desired output frequency is defined via a serial interface, with a 22-bit number shifted in. The

ICD2051 has two programmable oscillators (CLKA and CLKB), requiring a 22-bit programming word
(W) to be loaded into each channel independently. This word contains 5 fields:

Table 2: Programming Word Bit Fields

Field # of Bits Notes
Index (I) 4 MSB (Most Significant Bits)
P Counter value (P") 7
Reserved (R) 1 normally set to logic 1
Mux (M) 3
Q Counter Value (Q") 7 LSB (Least Significant Bits)

The frequency of the programmable oscillator fyco) is determined by these fields as follows:

P=P-3 Q=Q-2
P
fveo) = (ZXf(REF)XG)

where frgr) = Reference frequency (between 1 MHz — 60 MHz)
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The value of fyco) must remain between 40 MHz and 120 MHz inclusive. Therefore, for output fre-
quencies below 40 MHz, f(y ) must be brought into range. To accomplish this, a post-VCO Divisor is
selected by setting the values of the Mux field (M) as follows:

Table 3: Mux Field (M)
M Divisor
000 1
001 2
010 4
011 8
100 16
101 32
110 64
111 128
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The Index field (I) is used to preset the VCO to an appropriate range. The value for this field should be
chosen from the following table. (Note that this table is referenced to the VCO frequency f(yco) rather
than to the desired output frequency.)

Table 4: Index Field (1)

I fVCO (MHz)
0000 40.0-425
0001 42.5-4175
0010 47.5-535
0011 53.5-58.5
0100 58.5-62.5
0101 62.5 -68.5
0110 68.5 - 69.0
0111 69.0 - 82.0
1000 82.0-87.0
1001 87.0-92.0
1010 92.0-92.1
1011 92.1-105.0
1100 105.0-115.0
1101 115.0-120.0
1110 115.0-120.0
1111 115.0-120.0

If the desired VCO frequency lies on a boundary in the table — in other words, if it is exactly the upper
limit of one entry and the lower limit of the next — then either index value may be used (since both lim-
its are tested), but we recommend using the higher one.

To assist with these calculations, IC DESIGNS provides BitCalc (Part ##CD/BCALC), a Windows™
program which automatically generates the appropriate programming words from the user’s reference
input and desired output frequencies, as well as assembling the program words for such things as con-
trol and power-down registers. For Macintosh or DOS environments, please ask about availability.
Please specify disk size (5" or 3") when ordering BitCalc.

248 ICD2051 V2.5 (11/15/93)



I CDESI GNS Programmable Products
]

Programming Constraints
There are five primary programming constraints the user must be aware of:
IMHz <f ggp, < 60 MHz

f rRER)
Q
40 MHz < f(VCO) < 120 MHz

3<Q<129
4 <P< 130

200 KHz < < 1MHz

The constraints have to do with trade-offs between optimum speed with lowest noise, VCO stability,
and factors affecting the loop equation. The factors are listed here for completeness’ sake; however, by
using the BitCalc program, these constraints become transparent.

ICD2051 Programming Example u

The following is an example of the calculations BitCalc performs:

Derive the proper programming word for a 39.5 MHz output frequency, using 14.31818 MHz as the ref-
erence frequency:

Since 39.5 MHz < 40 MHz, double it to 79.0 MHz. Set M to 001. Set I to 0111. The result:

f(VCO) =79.0 = (2x14.31818 X g)
P
— = 2.7857
Q

Several choices of P and Q are available:

Table 5: P & Q Value Candidates

| Q f(VCO) (MHz ) | Error ( ppm)
69 25 79.0363 460
80 29 78.9969 40
91 33 78.9669 419

Choose (P, Q) = (80,29) for best accuracy (40 ppm).
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Therefore:
P'=P-3 =80-3 =77 = 1001101 (4dH)
Q' =Q-2=29-2 =27 = 0011011 (1bH)
and the full programming word, W, is:
wW=LP,R, M,Q' = 0111, 1001101, 1, 001, 0011011 = 0111100110110010011011 (1e6cObH)

A low-to-high transition on SCLKA/SCLKB (depending on appropriate channel) is used to shift the
programming word W into DATA as a serial bit stream, LSB first. (See the set-up and hold timing spec-
ifications elsewhere in this datasheet.) If more than 22 shifts are performed, then only the last 22 data
bits received will be retained.

Glitch-Free Frequency-Modification Procedure

When changing to a new frequency, there is a period of time when the output signal will be in transition
and may glitch due to changes in the post divider. For applications where it is critical that the output
clock not glitch and always maintain some known value, the MUXREFA and MUXREFB inputs must
be used. Under normal operation, MUXREF(X) is high and the output clocks are at the programmed
value. When MUXREF(X) is brought low, the reference clock is now multiplexed to the associated out-
put clock. The output remains at this fixed frequency while the programmed frequency seeks its new
value.

‘When programming the ICD2051, use the MUXREF inputs in the following manner:

1. Set MUXREF(X) to a low state. This will set the output to the reference frequency. The
transition is guaranteed to be glitch-free. (See the timing specifications.)

2. Shift in the desired output frequency value via a 22-bit word (as defined above) using the
appropriate SCLK and DATA lines.

3. After the last bit is shifted in, the VCO will settle to the new state (within .01% of the actual
output frequency) within 10 msec.

4. Set MUXREF(X) to a high state. This will set the output to the new programmed frequency.
The transition is guaranteed to be glitch-free. (See Fig. 4: Serial Programming Timing on
page 257.)

Skew-Free +2 on CLKA

The CLKA output is available concurrently as +1, +2 and +4 values of the desired output. The +1 and
+2 outputs are also closely matched in order to minimize the phase differences between the two outputs.
Typical phase coherence is less than 2 ns of skew between the two outputs, with 1 ns or less available as
an order option.
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Output Frequency Accuracy

The accuracy of the ICD2051 output frequencies depends on the target output frequency. As stated pre-
viously, the output frequencies of the ICD2051 are integrally related to the input reference frequency:

P
four) = (2xf rgp XQ)

Only certain output frequencies are possible for a particular reference frequency. However, the
ICD2051 generally produces an output frequency within 0.1% of the desired output frequency. Specif-
ics regarding accuracy (ppm) are given for any desired output frequency as part of the BitCalc program
output.

3-State Output Operation

The OUTDISA or OUTDISB signal, when pulled low, will 3-state the clock output line (CLKA or
CLKB respectively). This supports wired-or connections between external clock lines, and allows for
procedures where the clock must be disabled, such as automated testing. The output disable signals con-
tain internal pull-ups; they may be left unconnected if 3-state operation is not required.

No External Components Required

Under normal conditions no external components are required for proper operation of any of the inter-
nal circuitry of the ICD2051.

Layout & Power Conditioning Considerations

Traditionally, having multiple crystals has allowed the designer to locate them in those places on the
board where they are needed. Using a monolithic circuit puts some constraints on the PC board layout to
accommodate a single source of all clocks, particularly at frequencies above 50 MHz.

A full power and ground plane layout should be employed both under and around the IC package. The
power pin should be bypassed to ground with a 0.1uF multi-layer ceramic capacitor and a 2.2uF/10V
tantalum capacitor wired in parallel. Both capacitors should be placed within 0.15” of the power pin.

The designer should also avoid routing any of the output traces of the ICD2051 in close parallel proxim-
ity. Large routing lengths and large fanouts add capacitance to output drivers. Capacitance affects the
rise and fall times of the outputs. Large fanouts should therefore be buffered, particularly for the highest
frequencies. When designing with this device, it is best to locate the ICD2051 closest to the device
requiring the highest frequency.

A clean power supply is important, particularly at the higher frequencies. For best results, use either a
+12V supply through a +5V Zener diode or a 3-pin +5V voltage regulator.
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If a +12V supply is not available, then we recommend using a low-pass filter consisting of a capacitor
and a 22Q resistor. This method works quite well, but it has one drawback which must be allowed for,
namely that there will be a frequency-dependent voltage drop across the resistor. The ICD2051 can
operate over a very wide frequency range (300 KHz — 120 MHz), and operating power consumption
depends on the frequency, ranging from a minimum of around 15 mA for very low frequencies on up to
100 mA at the top end. This results in a large frequency-dependent voltage drop across the RC circuit.

Thus, if the ICD2051 is to be used over a wide frequency range, use the voltage regulator method, run-
ning the device at the normal supply specification of +5V. If, on the other hand, the device is to be used
over a narrow frequency range, and if the total power consumption is determined not to cause more than
a 0.25V change across the RC filter (see the following section), then the filter method may be used.

Estimating Total Current Drain

Actual current drain is a function of frequency and of circuit loading. The operating current of a given
output is given by the equation: I = C » V ¢ f, where I=current, C=load capacitance (max. 25pF), V=out-
put voltage (usually 5V), and f=output frequency (in MHz).

To calculate total operating current, sum the following:

XBUF = CeVe f(REF)

CLKA = Ce+Vefgga
CLKA2 = Ce+Vefeixan
CLKA/4 => Ce*Vefcigam
CLKB = Ce*Vefgp

Internal = 12mA

This gives an approximation of the actual operating current. For unconnected output pins, one can
assume 5-10pF loading, depending on package type.

Typical values:

Table 6: Typical Load Current Values

Frequency | Load | Current (mA)

low none 15
high none 40
high high 100
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Circuit Description

Each oscillator block is a classical phase-locked loop connected as shown in the diagram on the first
page. The external input frequency frgr) goes into a divide-by-n block. The resultant signal becomes
the reference frequency for the phase-locked loop circuitry.

The phase-locked loop is a feedback system which phase matches the reference signal and the variable
synthesized signal. The system averages zero phase error between the negative edges arriving at the
phase detector. The phase error at the charge pump tells the VCO to either go faster or slower as
required. The greater the change in control voltage, the greater the change in the VCO’s output fre-
quency. This up and down movement of the variable frequency will ultimately lock on to the reference
frequency, resulting in an output oscillation as stable as the input reference. An internal loop filter pro-
vides stability and damping.

Minimized Parasitic Problems

All of the ICD2051 families of frequency synthesis components have been optimized to reduce internal
noise and crosstalk problems. To minimize adjacency problems, both the synthesis blocks are physically
separated into discrete elements, with their output oscillator pins placed on separate sides of the pack-
age. Further, all the synthesis VCOs are separated from the digital logic. Finally, separate ground buses
for the analog and digital circuitry are used.

Stability and “Bit-Jitter”

The long-term frequency stability of the IC DESIGNS phase-locked loop frequency synthesis compo-
nents is good due to the nature of the feedback mechanism employed internally in the design. As a
result, stability of the devices is affected more by the accuracy of the external reference source than by
the internal frequency synthesis circuits.

Short-term stability (also called “bit-jitter”) is a manifestation of the frequency synthesis process. The
IC DESIGNS frequency synthesis parts have been designed with an emphasis on reduction of bit-jitter.
The primary cause of this phenomenon is the “dance” of the VCO as it strives to maintain lock. Low-
gain VCOs and sufficient loop filtering are design elements specifically included to minimize bit-jitter.
The IC DESIGNS families of frequency synthesis components are all guaranteed to operate at a jitter
rate low enough to be acceptable for graphics designs (which tend to be the most demanding applica-
tions with regard to bit-jitter).

Temperature and Process Sensitivity

Because of its feedback circuitry, the ICD2051 is inherently stable over temperature and manufacturing
process variations. Incorporating the loop filter internal to the chip assures that the loop filter will track
the same process variations as does the VCO. With the ICD2051, no manufacturing “tweaks” to exter-
nal filter components are required as is the case with external filters.
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Ordering Information

Table 7: Order Codes
Part Number Package Type Temperature Range

ICD2051 | s-=16-Pin SOIC DIP C = Commercial®

a. 0°C to +70°C

Example: order ICD2051SC for the ICD2051, 16-pin plastic SOIC, commercial temperature range
device.
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Electrical Data
Table 8: Absolute Maximum Ratings

[Name Description Min Max Units
Vb Supply voltage relative to GND -0.5 7.0 Volts
Vin Input voltage with respect to GND -0.5 Vpp +0.5 Volts
TstoR Storage temperature —65 +150 °C
TsoL Max soldering temperature (10 sec) +260 °C
Ty Junction temperature +125 °C
Ppiss Power dissipation 525 mWatts

NOTE: Above the Maximum Ratings, the useful life may be impaired. For user guidelines, not tested.

OPERATING RANGE: VDD =+5V iS%; 0°C< TAMBIENT <70°C
(This applies to all specifications below.)

Table 9: DC Characteristics

[Name Description Min Max  Units Conditions
Vi High-level input voltage 20 Volts

Vi Low-level input voltage 0.8 Volts

Vou High-level CMOS output voltage 24 Volts  Ioy=-4.0 mA
VoL Low-level output voltage 0.4 Volts Iy =4.0mA

Iy Input high current 150 HA V=525V

I, Input low current -250 A V=0V

Ioz Output leakage current 10 MA  (3-state)

Ipp Power supply current 15 100 mA

Ipp_typ Power supply current (typical) 50 mA typ @ 50 MHz
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Table 10: AC Characteristics

Symbol Name Description Min Max Units
t ref freq Reference Oscillator nominal value 1 60 MHz
t, duty cycle {)ut){ cycle for the output oscillators defined as 40% 60%
2+ 0
t3 rise time Rise time for the output oscillators into a 25pF load 3 ns
ty fall time Fall time for the output oscillators into a 25pF load 3 ns
¢ CLKA/2/4  Skew delay between the CLKA output and the 2
5 skew CLKA/2 & CLKA/4 outputs ns
t set-u Delay required after MUXREF goes low prior to t ns
6 p starting the SCLK clock line freql
ty cycletime  Minimum cycle time for the SCLK clock 2+t ns
t7g high time Minimum high time for the SCLK clock L+t ns
ty low time Minimum low time for the SCLK clock I+t ns
Time required for CLKA or CLKB oscillator to
'3 clk stable become valid after last SCLK clock 10 msec
~ Time required for the data to be valid prior to the
b set-up rising edge of SCLK 10 ns
Time required for the data to remain valid after the
tio hold rising edge of SCLK 3 ns
" Time for CLKA or CLKB to go high after assertion
t transition of MUXRER 0 tfreql ns
. . . t t
. REF REF
t transition Delay of CLKA or CLKB prior to valid tggp) signal " (REF) 3 (REF) ns
at output 2 2
" Time for CLKA or CLKB to go high after release of
ti3 transition P Ee 0 {REF) ns
. . . t t
t transition Delay of CLKA or CLKB prior to valid tgq, signal freq2 5 freq2 ns
at output 2
Time for the output oscillators to go into 3-state
ts 3-state mode after OUTDIS signal assertion 12 ns
. Time for the output oscillators to recover from 3-
tie clk valid state mode after OUTDIS signal goes high 12 ns

NOTE: Input capacitance is typically 10pF, except for the crystal pads.
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Fig. 3: Rise and Fall Times
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Fig. 5: 3-StateTiming

OUTDISA
OUTDISB

*[ Y5 Y6
CLKA ; 1
CLKB | 3-state oscillator output |
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Revision History / Credits

V2.5 (11/15/93) — Final Release Version
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f2PC Board

High-Performance Frequency Generator

Low-Cost High-Performance Frequency Generator Module for Your PC

* Accelerates System Design
and Testing

* Programmable Frequency
Range: 320 KHz — 120 MHz

* Emulates any Crystal Can
Oscillator: Supplied Cable
Provides Plug-In
Compatibility

* Single- and Dual-Frequency
Capability

» 3-State Capability

¢ Controlled through Parallel
Port of any DOS-Compatible
Personal Computer

* Supplied Configuration
Control Program to Set
Frequencies

¢ Uses ICD2051
Dual Programmable
Oscillator Chip

* Excellent Vehicle to Evaluate
IC DESIGNS Frequency
Synthesis Technology
]
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General

The f2PC Board is an inexpensive yet highly accurate frequency generator which attaches directly to
the parallel port of a DOS-compatible PC. Designed for the engineering lab bench, the f2PC Board
delivers output frequencies from 320 KHz to 120 MHz. The f2PC Board can be used to prototype
unusual or high-frequency crystal can oscillators which are expensive or hard to find — or it can func-
tion as a variable-frequency oscillator to test the operational limits of a prototype system. ‘

Emulates any Crystal Can Oscillator

The f2PC Board acts as an in-circuit emulator for any crystal can oscillator; its emulator cable plugs
directly into the 4-pin footprint of the crystal can on the system board. The f2PC Board emulates both
single- and dual-frequency crystal cans, including those with 3-state capabilities. Using the f2PC Con-
figuration Control Program, one simply specifies the desired target frequency and the f2PC board auto-
matically outputs that value to the system under test.

Single-Chip Dual Oscillator Saves PCB Real Estate

At the heart of the f2PC Board is the ICD2051 Dual Programmable Oscillator device, a single-chip
dual-frequency synthesizer. Using a single input frequency as a reference, it produces four output fre-
quencies from two independently programmable oscillators (CLKA and CLKB). The ICD2051 is avail-
able as a catalog component from IC DESIGNS in a 16-pin SOIC package. Because it requires no
external filter components, the ICD2051 takes up minimal real estate on a printed circuit board.

Highly Accurate Frequency Synthesis

The output frequencies (F,,,,) synthesized by the ICD2051 are directly related to the input reference fre-
quency frg) as follows:

P
Fovn = 2Xf(rer) x@)

where P and Q represent integers. For any programmed output frequency, the f2PC Board will always
produce a highly accurate value well within 0.1% (1000 ppm) of the target.
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f2PC Board Product Contents

System Hardware — PCB and I/0O Cables
e One (1) f2PC Board (3.1" x 1.7")
* One (1) parallel port host cable (6' long)
* One (1) 4-pin crystal can emulator cable (3" long)

System Software — Configuration Control Program (F2PC.EXE)
e 3.5" System Disk
* 5.25" System Disk

Documentation
e f2PC Board User’s Guide
» ICD2051 Dual Programmable Oscillator Datasheet

f2PC Board General Specifications

Voltage-controlled oscillator with phase-locked loop and

Technology integrated loop filter

I/O buffers CMOS

Programming method 22-bit serial word

Power suppl Regulated: 5 VDC (£5%) — via emulator cable
PPy Unregulated: 9-15 VDC — via wallbug

Operating temperature range | 0°C —70°C

Reference frequency 14.31818 MHz (external crystal)

Dual channel outputs Channel A: CLKA, CLKA/2, CLKA/4

(all with 3-state control) Channel B: CLKB

Output frequency range

(CLKA and CLKB) 320 KHz - 120 MHz
a P

Accuracy Ffoun = 2Xf reR) X—Q—

Host requirements Any IBM PC or compatible computer with parallel port

a. P and Q are 7-bit counters. The f2PC Board normally produces an output frequency within
0.1% (1000 ppm) of the desired output frequency.
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Revision History / Gredits

V1.3 (11/15/93) — Final Release Version
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1CD6233

One-Time Programmable Clock Oscillator

HCMOS/TTL Metal Can Oscillator with One-Time Frequency Programmability

¢ Industry Standard Package
Footprint

* Frequency can be Pro-
grammed One Time to Values
in a Wide Frequency Range
(600 KHz — 120 MHz)

* Example Applications:
- Replace Custom-Frequency
Metal Can Oscillators
— Reduce Time to Market
- Prototype with Custom
Frequencies

¢ Output can be 3-Stated

¢ Output Enabled if Pin 1 Left
Floating

¢ Grounded Metal Cover
Reduces EMI

¢ Internal Bypass Capacitors —
no External Components
Required

¢ Reduces Inventory Needs

* Drives 80386, 80486 & 68030
(10 TTL or 50pF)

¢ Sophisticated Internal Loop-
Filter Requires no External
Components or Manufactur-
ing “Tweaks” as Commonly
Required with External Filters

¢ 5V Operation CMOS Technol-
ogy which Drives HCMOS and
TTL Levels

¢ Available in 14-Pin Metal Can

|
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Introduction

The ICD6233 may be programmed one time for an output in the range of 600 KHz to 120 MHz. At
manufacturing time, the desired output frequency is programmed by blowing an internal fuse-link
PROM.
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Pin & Signal Descriptions

Fig. 1: Pin Descriptions

OUTDIS—»|1 5 {4l VDD
O
(o))
N
(%)
GND —»|7 w 8t CLKOUT
-

Table 1: Signal Descriptions

TCDEsIGNS

Pin # Signal Function
1 m‘ 3-State disable CLKOUT; floats high (output enable) if No Connection
7 GND Ground
8 CLKOUT Clock Oscillator OQutput
14 | VDD +5 Volts

270 ICD6233
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Ordering Information

Table 2: Order Codes
Part Number | Package Type | Temperature Range | Clock Output Options

ICD6233 | M=14-PinMetal Can | C = Commercial®

a.0°C to +70°C

NOTE: Call IC DESIGNS at (800) 669-0557 and specify desired frequency (600 KHz - 120 MHz)
and output (TTL or CMOS).
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Device Specifications

Electrical Data
Table 3: Absolute Maximum Ratings

Name Description Min Max Units
Vpp Supply voltage relative to GND 4.75 5.25 Volts
Vin Input voltage with respect to GND -0.5 Vpp + 0.5 Volts
TstoR Storage temperature -55 +125 °C
TsoL Max soldering temperature (10 sec) +260 °C
Ppiss Power dissipation 375 mWatts

NOTE: Above the Maximum Ratings, the useful life may be impaired. For user guidelines, not tested.

OPERATING RANGE: Vpp = +5V £5%; 0°C < TpoumpienT < 70°C
(This applies to all specifications below.)

Table 4: DC Characteristics

[Name Description Min Max  Units Conditions
Ipp Supply Current 5.0 mA  Vpp =Max, 3-state
Von Output High Voltage 24 \' Iog=-4.0mA
VoL Output Low Voltage 0.4 V. Igp=40mA
Viu Input High Voltage 2.0 v
VL Input Low Voltage 0.8 A%

Iy Input High Current 100.0 LA Vig=Vpp
Iy, Input Low Current -250.0 HA V=40V
Ioz Output Leakage 10.0 LA 3-state
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Table 5: AC Characteristics

Symbol Name Description Min Typ Max Units

output . 74 1666.7

b period SV operation 135 MHz 60KHz
output duty  Duty cycle for output pads

B cycle (t3 + t @ CMOS Vg3 of Vpp = 2) 40 60 %

7 rise time Output oscillator rise time 35 ns

ts fall time Output oscillator fall time 3.0 ns

ty power-up Time for output to become valid 10 15 msec

NOTE: Input capacitance is typically 10pF, except for the crystal pads.
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Revision History / Credits

V1.1 (11/15/93) — Final Release Version
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ICD6151

Dual Programmable Clock Oscillator

Single-Chip Dual Programmable Oscillator Replaces Traditional Can Oscillators
in Multi-Frequency or Variable Frequency Environments

¢ 2 Independent Programmable
Clock Outputs (A & B) Ranging
from 320 KHz — 115 MHz

Individually Programmable
Oscillators Using a 22-bit
Serial Word

Low-Skew +1,+2 and+4 CLKA
Outputs, as well as Reference
Frequency (XBUF)

Glitch-Free Frequency
Transitions

HCMOS Levels

3-State Enable/Disable

Low Power Consumption
Makes Device Ideal for Power
and Space Critical Applica-
tions

Sophisticated Internal Loop
Filter Requires no External
Components or Manufactur-
ing “Tweaks” as Commonly
Required with External Filters

¢ 5 Volt Operation

e Available in 14-Pin Metal Can

I
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QUIXTAL Embedded Crystal Products

3-State HCMOS Programmable Clock Oscillator

Single-Chip Programmable Oscillator Replaces Traditional Can Oscillators
in Variable Frequency Environments

* Frequency Range:
360 KHz - 120 MHz

* Programmable Oscillator
Using a 2-Wire Serial Interface

¢ Glitch-Free Frequency
Transition

¢ Low Power Consumption
Makes Device Ideal for Power
and Space Critical Applica-
tions

¢ Sophisticated Internal Loop
Filter Requires no External
Components or Manufactur-
ing “Tweaks” as Commonly
Required with External Fliters

e HCMOS Levels
e 3-State Enable/Disable
* 5V Operation

¢ Available in 14-Pin Metal Can
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Power Feed and Board Layout Issues

Introduction

The IC DESIGNS monolithic oscillator family offers new approaches to PC board clock generation.
Outputs can be changed “on the fly” from below 1 MHz to above 120 MHz (depending on the device);
some devices have multiple output channels.

The benefits can only be realized, though, if adequate attention is paid to grounding, layout and bypass
issues. Guidelines for these issues are covered in this Application Note.

Ground Plane

Ground is an extremely important circuit reference, but at VHF frequencies, a routing trace will nor-
mally not reference exactly the same voltage at different points along its length.

Ground planes perform well at high frequencies. The 100% metal area inhibits the appearance of noise
voltage. On a 2-layer board, IC DESIGNS requires a ground plane on the component side, with routing
on the solder side.

“Cutting out” the plane around the chip is theoretically justified, since it isolates noise appearing across
the plane; however, such noise is usually low enough to make a local cut-out unnecessary.

All ground pins on the chip (analog and digital) should be tied directly to this plane.

Supply Bypass Values

With the chip ground established, the next issue is applying power. The supply should be as clean and
quiet as possible, since supply variations affect oscillators and reduce output purity.

Some IC DESIGNS products include both analog and digital power pins. More noise can be tolerated
on digital than on analog power, since the analog power feeds the synthesizer core.

At a digital power pin, high-frequency noise will be reduced sufficiently with an ordinary 0.1uF
ceramic bypass capacitor. The bypass should be located very close to the chip, i.e., within 0.1” to 0.2”.

With analog power pins or devices with a single power pin, a parallel combination of low and high
value capacitors yields the best results (2.2uF/0.1uF, or 2.2uF/.01uF), because the capacitors are then
resonant at different frequencies.
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Supply Filters

Supply bypass suppresses high-frequency noise to a degree, but noise at kiloHertz frequencies can still
pose a problem. Disk drives, for example, can cause supply shifts that degrade output purity.

To deal with these problems, IC DESIGNS recommends some form of power supply filtering.

One fairly basic technique is to use a 22€ resistor in series in conjunction with a 2.2uF tantalum capac-
itor to ground. This RC filter will attenuate lower-frequency noise. The tantalum capacitor should be
paralleled by a smaller one (see Supply Bypass Values on page 281). This method works well if the pin
draws a moderate current (such as analog Vpp pins); at currents in the 25 mA range or above, supply
drop may be a problem unless special arrangements have been made with IC DESIGNS.

Another technique involves drawing from a +12V supply. Such a supply has inherently lower noise, and
if it is fed to a Zener diode through a series resistor, the supply noise rejection is very high. A possible
combination is a 5.1V 1N5231B and a 1802 resistor. Bypass to ground should be included just as with
the 22€) series resistor. (See Table 1: Recommended Bypass Diagram on page 283 and Bypass Diagram
Examples on page 284.)

The most effective technique is to install a three-terminal regulator such as a 78L.05, operating from
+12V. With suitable bypass capacitors, virtually no noise will get through from DC to high frequencies.

Sockets

Sockets are often necessary during development, and the IC DESIGNS synthesizers are tolerant of
them. But for production boards, sockets are not recommended, since extra lead length leads to more
noise and reduces output signal purity.
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Placement

After the power conditioning parts are tightly placed, the next important consideration is to place the
synthesizer near the devices to be clocked.

Even though the IC DESIGNS part produces a clean signal, it will not remain so if transmitted care-
lessly. Long routings lead to ringing, phase shift and level variations. IC DESIGNS recommends plac-
ing the part with a maximum run of 3—4 inches, less if possible. It is also important to isolate the output
trace(s) as much as possible from parallel signal runs.

Table 1: Recommended Bypass Diagram

Device Fig. 1 Fig. 2 Fig. 3
ICD2023 3 3
1CD2025 v v
ICD2027 ) xl
ICD2028 l v
ICD2042A «I 3
ICD2051 3
ICD2061A \ v
ICD2062A/B \l v
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Bypass Diagram Examples

(if required) +5V
2Q
_=E————- AGND AVDD "
- onF _[22F
: GND VDD i
= Joa

Fig. 1: Separate Analog/Digital Supply Devices

Resistor

Zener
feed \+5v or +12V / feed
229% 180Q
L|6ND VDD ooe- v
= 5.1
_LowF =__22uF 1N5231B

Fig. 2: Combined Analog/Digital Supply Devices

(if required)
\ 220 78L05
o AGND AVDD —m_—'vvv—« +2v
= 0ApF  |220F = eaF
N GND vDD =

oF
Fig. 3: Using a Three-Terminal Regulator
284
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Minimizing Radio Frequency Emissions

Introduction

The United States stringently tests all new electronic products for RF emissions through FCC Part 15.
As digital clock signals approach broadcast frequencies (The FM radio band is 88-108 MHz), proper
attention to design and layout becomes increasingly important.

Harmonics and their Suppression

Much of the difficulty lies in the square-wave nature of digital clock signals. It is usually not the funda-
mental, but rather the odd harmonics, which radiate the most. This means that an 80 MHz design might
fail, not at 80 MHz, but rather at 240 MHz. These higher frequencies are difficult to predict, and so a
solution can only be found by repeated testing of various design techniques. These techniques will min-
imize radiation of the higher-frequency harmonics.

Good Design Practice

Good power supply bypassing and tight layout technique are important: bypass capacitors tight against
the power pins; ground connections directly contacting a full ground plane. Please refer to the individ-
ual data sheets, as well as to the Application Note titled Power Feed and Board Layout Issues on

page 281.

It is good practice to load oscillators as lightly as possible. Load capacitance increases switching cur-
rents and increases emissions from the power supply. One should never deliberately add output capaci-
tance.

Possibly the most important technique is to limit the trace length of the highest-frequency signal, which
should run 1-2” at most; every additional inch makes a trace a more effective antenna. This effect may
be modest at frequencies in the 10-20 MHz range, but might cause failure with 50-100 MHz clocks.

It is crucial that the system be on a ground plane. Traces make much poorer antennae if they lie over a
continuous sheet of ground. Unfortunately, two-sided boards are more likely to fail emissions testing.
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Output Series Loading

Output harmonics can be reduced by adding series resistance or a ferrite bead. The added impedance
reduces the harmonics in the output signal, also improving the termination of reflected signals in the
output. Since ferrite beads are more expensive, a series resistor could be tried first. This should be at
least 22€Q2, more if circumstances allow—keeping in mind that too much resistance (greater than 150€2)
can lead to unacceptably low logic levels. To check this, take the series-R, estimate the capacitive load
C, and verify the following:

1
F <
clock (2w - Rseries ’ Cload)

The above is just a general guideline. One can also observe the final digital clock waveform by using
low-capacitance active probes, raise R until failure occurs, then use a significantly lower value.

One should place series loads by the clock generator, since they are largely ineffective farther down the
trace length. REMEMBER: these parts are usually not necessary, but it is good strategy to include them
if RF testing becomes a problem.

Product Level Enhancements

If the problem is unaffected by board-level changes, one can often improve the product cabinetry. For
example, plastic panels can be made conductive with a spray coating, keypads can be shielded.

Emissions often travel through the power supply and out via the power cord. A large internal ferrite
bead on the power feeds may get the device through testing. The test lab staff can often help with such
quick fixes.

Concluding remarks

Above all, keep in mind that the clock generator by itself neither passes nor fails emissions. Passing or
failure is based on cumulative performance, including bypass, board layout, supply wiring, product
packaging, output frequencies and application.

Careful procedure and good design practice will ensure that compliance is attained.
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Typical Implementation (Using ICD2023 as Example)

X1 ":" 32.768 KHz
*— "W\

R1 . 10MQ

XTAL2 1 __/ 20 XTALA1
32.768 KHz 2 19 VBATT -+ oVBATT
SCLK/16 MHz 3 — 18 UUTUIS CE_-EHF
VoDe—¢ VDD, O 1752 =
L j R2 220
CEEpF s GND 5 U 16 AVDD * i(T'\/;/\/—OVDD
== — ant.
= = xsysB1l. N .| s1/DATA T Colonr
1431818 MHz =1 XSYSB2 , (e “ S0/CLOCK = =
14.318 MHz 8 B 13 24.0 MHz

1.8432 MHz 9 12 12.0 MHz
CPUCLK 10 1 MODE

R3 R4

U1

R «NOTE—R3&R4are optional; see text

CPUCLK

Fig. 4: Schematic Diagram

RFI*
24.0 MHz

u1

X2

]

Fig. 5: Parts Layout
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Fig. 7: PC Board (Front)
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ECL Outputs

Introduction

The IC DESIGNS oscillator family features ECL-compatible outputs in products such as the ICD2062.
These outputs allow clocking at frequencies above 160 MHz, with all the inherent advantages of differ-
ential ECL signal transmission.

This Application Note covers the principal advantages of using ECL outputs and makes recommenda-
tions concerning layout and wiring methods for parts such as the ICD2062.

Power Supplies (PECL vs. ECL)

The ECL VDD and VEE pins have traditionally been powered from a 5.2V supply, Vpp being
grounded and Vg set at —5.2V — the intent is to achieve the lowest Vppy noise by grounding the Vpp
pins. In more recent designs, however, ECL is often used with +5.0V instead of —5.2V. Since Vpp, noise
is not a major concern, this permits the use of a standard logic supply. This Application Note will focus
on +5.0V ECL designs (sometimes called PECL).

ECL Advantages

As clock speeds rise beyond 100 MHz, the advantages of using ECL become more obvious. Most of
these advantages involve the use of differential signal transmission.

Differential signals are less susceptible to ground noise problems, as all noise becomes common-mode.
Single-ended CMOS is much more susceptible, since ground bounce and other noise affect logic thresh-
olds, degrading noise immunity. ECL signals remain unaffected, since noise rides on both signals as an
average level. Logic levels are also less critical, since the threshold is a differential zero volts, which
can tolerate significant signal attenuation. Differential circuits also tend to generate less noise in the
power supply.

ECL is designed with termination resistors which allow high-frequency signals to propagate with mini-
mal overshoot and reflection.

These advantages are most pronounced in a bipolar implementation, but many of the same benefits can
be realized in CMOS designs.
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Pad Structure

Referring to Fig. 8: Differential ECL Output Driver on page 291, transistors Q1 and Q2 form differen-
tial ECL output drivers. Unlike single-ended outputs (See Fig. 9: Single-Ended Output Driver on

page 291), N-type transistors are not required, since termination resistors are always present and serve
as pull-downs.

The ECL output drive logic guarantees that, when Q1 switches ON, Q2 switches OFF (and vice-versa),
A complementary logic state is always maintained, assuring a constant supply draw in either output
state.

Logic Levels

The differential logic swings are approximately 4.5V to 3.0V. This is more than adequate, since bipolar
ECL is typically 4.3V to 3.2V. If the termination resistors are reduced from the 220Q/330Q suggested
values, the high-side swing can be reduced somewhat.

Output Routing and Board Layout Issues

ECL signals maintain their integrity over long routing distances. A 100 MHz single-ended trace should
be limited to a few inches, but ECL can travel several feet at that frequency. This is due to ECL’s termi-
nation resistors at the receiving devices.

For good signal integrity, ECL traces are laid out in pairs, with a small separation (about a trace width);
this results in a characteristic impedance of 100~150Q. This transmission line layout also helps mini-
mize RF emissions, since the differential signal fields cancel when closely routed over a ground plane.

The clock generator must be bypassed at the supply pins, as should the parts to be clocked. Terminating
resistors should also be bypassed separately if they are not located near a bypass capacitor.

Terminating Resistor Values

The 220€/330Q2 values represent a trade-off between low power draw and best high-frequency perfor-
mance. For frequencies above 80 MHz, they may pull down too weakly, resulting in inadequate signal
swing. These values can go as low as 68€/100€2 at 160 MHz (always maintaining an approximate 2:3
ratio). Low values work satisfactorily at both low and high frequencies, the only drawback being a
higher current drain.
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Summary

A general overview of ECL logic has been presented, with emphasis on the interface of ECL logic to
+5V powered CMOS clock generators. Should additional support be required, contact IC DESIGNS for

assistance.

Terminating
Resistors
VDD
® § X ﬁ
Differential VDD
““““““““““““““ 1 Transmission VDD
: 1 Line
| Q! e
a '/ /
| ECL a :
: Oscillator Output ! 330 Clocked
| Block Drive |x : VDD Part
! Logic ™) | = | (RAMDAC)
[}
: Q2
1
: T q
X 1
| ECL Signal Source _ _ _ _ _ _ | Q1, Q2: Rosion <352 NOTE See text 3309 =
GND == for appropriate
= resistor values ?

Fig. 8: Differential ECL Output Driver

VDD

p-type
Vin Vout
n-type

= GND

Fig. 9: Single-Ended Output Driver
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Crystal Oscillator Topics

Parallel vs. Serial Resonant Oscillator Circuits

All frequency synthesis components from IC DESIGNS require a reference frequency, usually provided
by a quartz crystal. The on-board crystal oscillators are parallel-resonant designs. Although most oscil-
lator circuits are designed to use parallel-resonant crystals, most inexpensive “off-the-shelf” crystals are
series-resonant devices. Accordingly, many oscillator applications (such as CPU clock/timer designs)
often run about 0.05% too fast.

When a crystal is manufactured, the manufacturing specs must specify the type of oscillator circuit in
which it is intended to be used. The two types will result in a difference in the output frequency of
approximately 500 ppm (0.05%). To guarantee accurate output, the spec must therefore take this differ-
ence into account when the crystal is manufactured.

For maximum accuracy, a parallel-resonant crystal of the proper specification will be required. Whether
or not the extra cost is justified depends on the application. In many cases, an error of 0.05% is accept-
able; in applications such as time-keeping, however, it often is not.

Specifying a Custom Parallel-Resonant Crystal

To order a specially made crystal, the correct spec to give the vendor is parallel-resonant, plus a value
for the load capacitance presented by the oscillator. As an example, the correct specification crystal
oscillator would read as follows:

Type = Parallel-resonant
Freq = 14.31818 MHz
Cioaa = 17pF

As an alternative to a custom crystal, parallel-resonant crystals with a specified Cy,,q = 20pF may be
available from dealer stock. Such a crystal may be a viable alternative to a custom crystal, offering only
slightly less accuracy at lower unit cost.

292 V1.6 (11/15/93)



T ChHESIGNS Application Notes
|

Accuracy Considerations for Time-Keeping in PC Design

Time-keeping is a stringent application, where a 50 ppm error in reference frequency produces a real-
time clocking error of 2 minutes per month. In many personal computer applications, both 32.768 KHz
and 14.31818 MHz are used for time-keeping. Highly accurate values of both these frequencies are
therefore required.

Most IC DESIGNS frequency synthesis components produce a 14.31818 MHz signal on one or more
output pins. However, as previously pointed out, the accuracy of these outputs will depend upon proper
specification of the 14.31818 MHz reference crystal by the designer. Correctly specifying the reference
crystal is therefore important in time-keeping applications.

Some IC DESIGNS components also offer an additional output from an on-board 32.768 KHz oscilla-
tor. This oscillator is designed to work with an industry-standard 32.768 KHz crystal specified as paral-
lel-resonant, Cjo5q = 12pF and is readily available from dealer stock, so the resulting output should
always be accurate enough for time-keeping applications.

Selecting a High-Accuracy Reference Crystal

Background

Our monolithic oscillator products deliver a wide range of output frequencies, replacing many individ-
ual quartz oscillators. And yet, one quartz crystal is needed to set the reference frequency, usually
14.31818 MHz. In this section, the emphasis is on maximizing the accuracy of the reference. Specific
part numbers will be named, and a worst-case analysis performed.

Changing Requirements

IC DESIGNS’ earliest design-ins did not specifically recommend a parallel-resonant crystal instead of
the more common (but less suitable) series-resonant type. Such designs tended to have error rates of
500-600 ppm.

This was acceptable at the time because VGA monitors can tolerate a pixel frequency deviation of 1%
from nominal (10,000 ppm!), so reference accuracy was not an major factor.

Today, however, IC DESIGNS’ expanding product line targets many time-critical applications, such as
Ethernet systems, where the reference frequency must be held within +100 ppm over the operating tem-
perature range.
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Crystal Specifics

Earlier in this App Note, we recommend specifying a parallel-resonant crystal, with load capacitance
(Cioaq) of 17-20pF. Here are some specific part numbers for surface-mount devices:
* Fox Crystal # FPX143-20 — With C,,4 = 20pF, it is close enough to our 17pF spec to be
only 35 ppm high. If a tighter initial accuracy is desired, one can add two external load
capacitors to ground, or specify a different load capacitance. Telephone: (813) 693-0099.
* Epson America # MA-506 14.318M-B — This sells off-the-shelf with C,,4 = 16pF. In our
lab, we find them to be nominally on target; they are the best off-the-shelf match available.
Telephone: (310) 782-0770.

Drive Level Precautions

Any quartz crystal is subject to mechanical failure if oscillated at an excessive voltage level. For a
CMOS amplifier, the drive level is around 700uW. However, the parts are tested at 100uW; fortunately,
a maximum rating exists of 1000-2000uW.

DO NOT use any crystal which does not have a 1000uW rating! It may drift excessively, or even
become a delayed failure mechanism.

Ethernet Error Budget Analysis

We can guarantee 100 ppm worst case with the Epson #MA-506 14.318M-B. This is important for
products like the ICD2028. To verify this, one simply adds up the relevant sources of error in an error
budget (This is true for any crystal.):

SOURCE OF ERROR AMOUNT
Crystal frequency tolerance + 50 ppm
Crystal temperature tolerance +30

ICD2028 frequency tolerance +05
ICD2028 temperature tolerance ~ + 06
ICD2028 supply tolerance +03

+94 ppm

Since this is close to the limits, one can also look at a (well respected) “Monte Carlo Analysis,” which
says that, if a number of uncorrelated variables are changing randomly, it is not reasonable to add up the
individual worst-case figures to come up with an aggregate worst-case value.

Instead, if one has n variables, X1, X2, ... Xn, all varying randomly and independently, then the overall
variation is:

2, 42 2
Xiotal = JX1+X2+...+X

t n

According to this calculation, the design will remain within 59 ppm, which will be trouble-free in pro-
duction.
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Introduction

Most IC DESIGNS products include a reference oscillator. XIN and XOUT pins interface the crystal to
an on-chip amplifier and loading capacitors.

In many cases, the part is not tied to a crystal, but is instead driven from an external signal source. In
such cases, it is recommended that the signal be coupled via a small series capacitor.

This document describes the benefits of a coupling capacitor, as well as other associated considerations.

Benefit: Reduced Loading of the Signal Source

Die
Clock

Ceff G

i1
— 1 Ve [> - El
Vi1 1 &
Frequency 22pF

‘(350%0/; Cia [34pF  Co | 34pF

Fig. 10: Reduced Signal Source Loading

As can be seen, the two internal capacitors are each 34pF; if C;1 is not present, this means that the fre-
quency source effectively drives Ceg = 34pF, where Cq4 is the effective load capacitance seen by the
driver.

Adding C;; makes C,¢ a series combination of C;; and C;,, which reduces Cg according to the for-
mula:

Ci 1 Ci2
Equation 1: C;f = AT/
Ciy+Cp
Substituting C;; = 22pF and C;, = 34pF results in a C ¢ of 13.4pF

In the above example, C. is reduced by 62%, which results in less loading of the frequency source, less
power supply noise and thus improved signal transition times.
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Consideration: Reduced Signal Amplitude

The only penalty is reduced signal amplitude at XIN according to the formula:
Cil
Equation2: Vip = Vi =—F=—
uation T b+ Cy
Substituting C;; = 22pF, C;, = 34pF and V;; = 5Vppresults in a V;, of 2.0Vpp

In the example above, the amplitude has been reduced to 2Vpp at XIN, but this is not a problem, since
the linear inverter Gy biases and re-amplifies the signal. :

Benefit: Restoration of Duty Cycle

Die
Clock
G
Rb 2
Cit y
. | in G Vout
Vit 0——1| X~ 1
22pF  XIN X-10 ——  XOuT
Ci2| Co

P
_ _—

Fig. 11: Duty Cycle Restoration

In the above schematic, G, buffers the XOUT signal for use on the die. G; and G, have matched char-
acteristics. The inverting gain is roughly 10, and biasing for V;, =V, is close to Vpp + 2.

The matched characteristics and the R-C components work to restore the duty cycle, the mechanism
being the AC gain of roughly —10 and its effect on DC biasing. The XOUT DC level is fed back to XIN
via resistor Ry,. The resultant feedback loop is stable with a gain of 10, regulating the average DC level
of XOUT.

The restored duty cycle can be seen after it has been through G,; on most devices, this is the XBUF pin.
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Proof of Performance

The above has been seen to work well at various design-ins. Rather than attempting a rigorous mathe-
matical proof, however, we have opted for substantiating the performance in a conceptual manner.
Some proof is needed, since a sharp square wave at XOUT would not be duty-cycle regulated. G, could
not alter the timing of steep transients.

For duty cycle regulation to occur, the waveform at XOUT must be “well-rounded”. This is achieved by
the load capacitor C,, and by the high output impedance of G; (which is approximately 1KQ).

If the waveform at XOUT has a duty cycle in the vicinity of 50% (about 35-65%), and if it is well-
rounded, then the output waveform will be biased up or down by the feedback biasing effects.

The regulation is not perfect, but in practice the output remains close to 50% over a wide variation in
input waveform values.

Consideration: Capacitor Value

Duty cycle regulation is reduced by G, saturating near Vpp, or Ground. To keep G linear as much as
possible, C;; should not be too large; a smaller C;; reduces signal amplitude, thus improving linearity.
Values in the range 10-22pF may be used, although at 10pF, the signal may become noise corrupted.

For best results, one should keep the part well bypassed and locate C;; as close as possible to the XIN
pin.

Consideration: 3V Input Waveform

Sometimes the reference signal is part of a 3V system, with an IC DESIGNS part running on 5V; this is
another situation in which capacitor coupling is recommended. With the device and the reference driver
powered by 5V, good results can be obtained with C;; = 22pF. The resultant amplitude at XIN is 2VPP.

If the input signal amplitude is 3Vpp, IC DESIGNS prefers to maintain a 2VPP amplitude at XIN. The
pertinent formula is Equation 2: on page 296, which calculates reduced signal amplitude.

Using C;; = 68pF, C;, = 34pF and V;; = 3VPP, this yields a value of V;, = 2VPP.

Thus, we recommend a value of 68pF. The designer should verify the waveforms with an oscilloscope,
making any needed design-specific changes.
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Introduction

IC DESIGNS is an industry leader in frequency synthesis technology and custom-designed programma-
ble clock generators for personal computers and mass storage systems. This achievement has been the
result of creative design and emphasis on product excellence. Now a division of Cypress Semiconduc-
tor, IC DESIGNS gains added support for product excellence. Cypress Semiconductor is a leader in the
design, development and manufacture of a broad line of high-performance digital integrated circuits,
using proprietary 0.65- and 0.8-micron CMOS and BiCMOS technologies.

Cypress corporate views for quality and reliability are shared by IC DESIGNS. Product excellence does
not occur by merely following the industry norms: it begins by being better than one’s competitors, with
better designs, processes, controls and materials.

Some of the techniques used to ensure product excellence are the following:

* Product reliability is built into every product design, starting from initial design conception.

* Product quality is built into every step of the manufacturing process by the use of statistical
process control and inspections at critical process steps.

+ Quality inspections and reliability performance checks are performed on finished product to
ensure that finished product quality requirements are met.

* Field data test results are encouraged and tracked so that accelerated testing can be
correlated to actual use experiences.

Product Design and Development
The design and development process at IC DESIGNS follows defined procedures. These procedures

assure that each step of the product development cycle results in a product that provides customer satis-
faction at an acceptable price, while at the same time building in the highest quality and reliability.

Product Qualification Testing

The quality of each new product is verified by qualification testing in three areas:

a) Process Qualification: Extensive qualification testing is performed by the silicon foundry. Step
stress testing on standard evaluation circuits processed with the particular wafer fabrication flow is
reported quarterly.

b) Die/Design Qualification: All product designs are qualified by IC DESIGNS. Reliability is verified
by subjecting devices to high-temperature operating-life test, electrostatic discharge susceptibility and
latch-up resistance.

¢) Package Qualification: All packages used with IC DESIGNS’ products are subjected to an initial
qualification consisting of a full spectrum of electrical and environmental stress tests. Periodic monitor-
ing is performed to ensure quality and reliability.
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Product Quality

Customer satisfaction and continuous quality improvement are the primary goals of the quality program
at IC DESIGNS. The IC DESIGNS Quality Management System has been designed to meet the pro-
gram requirements of MIL-Q-9858 and ISO 9001. Key objectives of the System are to:
* achieve, maintain and continuously improve the quality of IC DESIGNS’ products in
relationship to the requirements for quality;
 improve the quality of its own operations, so as to meet all the customer’s stated and applied
needs;
* provide confidence to internal management that the requirements are being met and
maintained, and that quality improvement is taking place;

« provide confidence to the customer that the requirements for quality are being, and will be,
fulfilled in the finished product.

Subcontractor Manufacturing Controls

Since the manufacture of IC DESIGNSs products is carried out by wafer fabrication and assembly sub-
contractors, an essential part of the Quality Management System consists of ensuring that processing
adheres to the high quality and reliability standards required by that system. The IC DESIGNS Subcon-
tractor Manufacturing Controls Specification establishes standards which the subcontractors must agree
to uphold. The requirements of this specification apply to: procurement of raw materials, process docu-
mentation, use of statistical process control, assembly process monitoring, quality conformance testing,
handling of nonconforming material and corrective action procedures. With these controls, and with the
pre-qualification auditing of new subcontractors prior to their inclusion on the Approved Suppliers List,
the customer is assured of high-quality products.

Product Reliability Monitoring

In addition to qualification testing, ongoing process monitoring programs are conducted to ensure that
all products comply with the established goals for reliability. Usually, these evaluations consist of oper-
ating life test and humidity & temperature cycling. The testing is summarized each quarter and is avail-
able to customers.

Statistical process control of assembly operations is summarized each month. This control data is gener-
ated for each process in the assembly flow. In addition, reliability monitoring is conducted on a sample
basis, where devices are subjected to autoclave, temperature cycle, dye penetration, vapor phase and
lead integrity.

Electrostatic Discharge Susceptibility

Electrostatic discharge (ECD)-induced failure has been a generic problem for many high-performance

MOS and bipolar products. Although MOS technology experienced oxide reliability failures in its earli-
est years, this problem has largely been eliminated by means of improved oxide growth techniques and
a better understanding of the ESD problem. The effort to protect adequately against ESD failures is per-
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turbed by circuit delays associated with ESD protection circuits. Focusing on these constraints, Cypress
and IC DESIGNS have developed ESD protective circuitry specific to 1.2-, 0.8-, 0.65- and 0.5-micron
CMOS process technology.

IC DESIGNS products are designed to withstand voltage and energy levels found during a typical elec-
trostatic discharge event. However, the user is cautioned to always use the accepted ESD grounding and
handling procedures when removing devices from ESD-protected packaging and during subsequent
handling.

Product Flow Chart

Manufacturing and test operations applicable to IC DESIGNS products are diagrammed on the follow-
ing flow chart. Quality control inspections are represented by circles, while manufacturing and test
operations are represented by squares.

INCOMING MATERIALS INSPECTION
All raw materials inspected

BB A& BEeEH A

[

WAFER FABRICATION

VISUAL INSPECTION OF WAFER

WAFER SORT
Verify functionality & electrical characteristics

VERIFY PROCESS MONITOR DATA
Verification & trend analysis by IC DESIGNS

WAFER INSPECTION
Ship wafers to Assembler

D INCOMING INSPECTION OF RAW MATERIALS

Verify tensile strength, elongation, spiral flow,
gel time, pellet weight & plating thickness

PACKAGE ASSEMBLY
]I Wafer saw, wire bond, mold, trim, lead finish,
form, scan

FINAL INSPECTION
Coplanarity, bent leads, SPC data

]] SHIP TO IC DESIGNS

RECEIVING
Log shipment entry, verify count

VISUAL & MECHANICAL INSPECTION
LTPD = 2/0 if 2nd sample fails, 100%

HOT PACKAGE TEST
Functional test at 70°C

HOT QA SAMPLE INSPECTION
AQL = .04% if sample fails, 100%

COLD PACKAGE TEST
Functional test at 0°C

COLD QA SAMPLE INSPECTION
AQL = .04% if sample fails, 100%

FINAL INSPECTION
AQL = .04% if 2nd sample fails, 100%

FINISHED GOODS INVENTORY
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General Testing Philosophy

I ChEsSIGNS

This is a summary of the methods which IC DESIGNS uses to guarantee the AC and DC characteris-
tics specified in the datasheets included in this publication.

The following parameters are guaranteed by production testing (wafer sort and final test) with propri-
etary PC-based testers designed and supported by IC DESIGNS:

Name Description
Ipp Power Supply Current
t, Output Period
t3 Output Duty Cycle
Ioz Output Leakage Current
Vi Input High Voltage
Ipp Power-Down Current
IgaTT Battery Stand-by Current
ViL Input Low Voltage
Iy Input High Current
I, Input Low Current

The following parameters are tested initially and after any design or process changes that may affect

these parameters:

Name Description
Cin Input Capacitance
tREF) Reference Clock Period
ty Output Rise Time
ts Output Fall Time
tg, tg Leading Edge Skew
tyco Settle Time
tia Time to invoke power-down option
tis Time to revoke power-down option
Vou High-Level CMOS Output
VoL Low-Level Output
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14-Pin Packages

Table 1: 14-Pin Metal Can Outline
Package (Lead Count = 14)

276

I
300
520

.600 Logo denotes Pin 1 Location

(Dimensions in inches)
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16-Pin Packages

Table 2: 16-Pin SOIC Outline

Symbol | MIN | MAX Package (Lead Count = 16)

A .099 104

Al 004 | .009

B 014 | 019

C 010  REF

D 405 410

E 294 | 299

e 050  TYP

H 402 | 419

h 025 x 45°

L 030 | .040

o 0° 8°

K 088 | .098

M 020 | .030 _

N 335 351 (Dimensions in inches)
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20-Pin Packages

Package Information

Table 3: 20-Pin SOIC Outline

Symbel | MIN | MAX Package (Lead Count = 20)
A .099 .104
Al .004 .009
B .014 .019
C .010 REF Pin 1
notch
D 505 | 512 e
E 294 299
e .050 TYP
H 402 419 | [ ead Count Direction e
h 025 x 45°
L .030 .040
o< 0° 8° B
K 088 | .098 —>‘ l— > | >
M .020 .030 B
N 335 351 (Dimensions in inches)

V1.4 (11/15/93)

311




Package Information I C DESIGNS
L _________________________________________________________________________________________ ]

Revision History / Credits

V1.4 (11/15/93) — Final Release Version

312 V1.4 (11/15/93)



Sales Reeresentatives and Distributors

Domestic Direct Sales Offices

Corporate Headquarters
Cypress Semiconductor
3901 N. First Street
San Jose, CA 95134
(408) 943 —-2600
Telex: 821032 CYPRESS SNJ UD
TWX: 910 997 0753
FAX: (408) 943 —2741

IC Designs Division
12020—113th Ave. N.E.
Kirkland, WA 98034
(206) 821 —9202

FAX: (206) 820—8959

Alabama
Cypress Semiconductor
555 Sparkman Drive, Ste. 1212
Huntsville, AL 35816
(205) 721 —9500
FAX: (205) 721 —-0230

California
Northwest Sales Office
Cypress Semiconductor
3901 N. First Street
San Jose, CA 95134
(408) 943 -4867
FAX: (408) 943—-6860

Cypress Semiconductor

23586 Calabasas Rd., Ste. 201
Calabasas, CA 91302

(818) 2223800

FAX: (818) 2223810

Cypress Semiconductor

2 Venture Plaza, Suite 460
Irvine, CA 92718

(714) 753—5800

FAX: (714) 753—5808

Cypress Semiconductor

12526 High Bluff Dr., Ste. 300
San Diego, CA 92130

(619) 755—1976

FAX: (619) 755—1969

Canada

Cypress Semiconductor
701 Evans Avenue

Suite 312

Toronto, Ontario M9C 1A3
(416) 620—7276

FAX: (416) 620—7279

Colorado
Cypress Semiconductor
4704 Harlan St., Suite 360
Denver, CO 80212
(303) 433—4889
FAX: (303) 433—-0398

Florida
Cypress Semiconductor
10014 N. Dale Mabry Hwy. 101
Tampa, FL 33618
(813) 968—1504
FAX: (813) 968 —8474

Cypress Semiconductor
255 South Orange Avenue
Suite 1255

Orlando, FL 32801

(407) 422—-0734

FAX: (407) 422—1976

Georgia
Cypress Semiconductor
1080 Holcomb Bridge Rd.
Building 100, Ste. 300
Roswell, GA 30076
(404) 998—0491
FAX (404) 998 —2172

lllinois
Cypress Semiconductor
1530 E. Dundee Rd., Ste. 190
Palatine, IL 60067
(708) 9343144
FAX: (708) 934 —7364

Maryland
Cypress Semiconductor
8850 Stanford Bivd., Suite 1600
Columbia, MD 21045
(410) 312—2911
FAX: (410) 290—1808

Minnesota
Cypress Semiconductor
14525 Hwy. 7, Ste. 360
Minnetonka, MN 55345
(612) 935—-7747
FAX: (612) 935—-6982

New Hampshire
Cypress Semiconductor
61 Spit Brook Road, Ste. 110
Nashua, NH 03060
(603) 891 —-2655
FAX: (603) 891—2676

New Jersey

Cypress Semiconductor
100 Metro Park South

3rd Floor

Laurence Harbor, NJ 08878
(908) 583 —-9008

FAX (908) 583 —8810

New York
Cypress Semiconductor
244 Hooker Ave., Ste. B
Poughkeepsie, NY 12603
(914) 485—6375
FAX: (914) 485—7103

North Carolina
Cypress Semiconductor
7500 Six Forks Rd., Suite G
Raleigh, NC 27615
(919) 870—0880
FAX: (919) 870—-0881

Oregon
Cypress Semiconductor
8196 S.W. Hall Blvd. Suite 100
Beaverton, OR 97005
(503) 626 —6622
FAX: (503) 626 —6688

Pennsylvania
Cypress Semiconductor
Two Neshaminy Interplex, Ste. 206
Trevose, PA 19053
(215) 639—-6663
FAX: (215) 639—-9024

Texas
Cypress Semiconductor
333 West Campbell Rd., Ste. 240
Richardson, TX 75080
(214) 437 —-0496
FAX: (214) 644 —4839

Cypress Semiconductor

Great Hills Plaza

9600 Great Hills Trail, Ste. 150W
Austin, TX 78759

(512) 502-3023

FAX: (512) 338 -0865

Cypress Semiconductor
20405 SH 249, Ste. 216
Houston, TX 77070
(713) 370—0221

FAX: (713) 370—0222

Virginia
Cypress Semiconductor
3151C Anchorway Court
Falls Church, VA 22042
(703) 849—-1733
FAX: (703) 849—1734



. Sales Regresentatives and Distributors

Domestic Sales Representatives

Alabama
Giesting & Associates
4835 University Square
Suite 15
Huntsville, AL 35816
(205) 830—4554
FAX: (205) 830—4699

Arizona
Thom Luke Sales, Inc.
9700 North 91st St., Suite A—200
Scottsdale, AZ 85258
(602) 451—5400
FAX: (602) 451—-0172

California
TAARCOM
451 N. Shoreline Blvd.
Mountain View, CA 94043
(415) 960—1550
FAX: (415) 960—1999

TAARCOM

735 Sunrise Ave., Suite 200
Roseville, CA 95661

(916) 782—1776

FAX: (916) 782—1786

Canada

bbd Electronics, Inc.

6685—1 Millcreek Dr.
Mississauga, Ontario LEN 5M5
(416) 821—-7800

FAX: (416) 821 —4541

bbd Electronics, Inc.

298 Lakeshore Rd., Ste. 203
Pointe Claire, Quebec H9S 4L3
(514) 697 —-0801

FAX: (514) 697—-0277

bbd Electronics, Inc. — Ottawa
(613) 564—-0014
FAX: (416) 821 —4092

bbd Electronics, Inc. — Winnipeg
(204) 9422977
FAX: (416) 821 —4092

Western Canada

Microwe Electronics Corporation
5330 Wallace Avenue

Delta, British Columbia V4M 1A1
(604) 943—-5020

FAX: (604) 943—-8184

Connecticut
HLM
3 Pembroke Rd.
Danbury, CT 06810
(203) 791 —-1878
FAX: (203) 791 —-1876

Florida
CM Marketing
252 Springs Colony Circle, Unit 382
Altamonte Springs, FL 32714
(407) 682—7709
FAX: (407) 682—7995

CM Marketing

202 West Bearss Avenue
Suite 220

Tampa, FL 33613

(813) 264—9707

FAX: (813) 962—1445

CM Marketing

664 Hollows Circle
Deerfield Beach, FL 33442
(305) 429—-8626

FAX: (305) 4293440

Georgia
Giesting & Associates
2434 Highway 120
Suite 108
Duluth, GA 30136
(404) 476—0025
FAX: (404) 476 —2405

lllinois
Micro Sales Inc.
901 W. Hawthorn Drive
Itasca, IL 60143
(708) 285—1000
FAX: (708) 2851008

Indiana
Technology Mktg. Corp.
1526 East Greyhound Pass
Carmel, IN 46032
317) 844—8462
FAX: (317) 5735472

Technology Mktg. Corp.
4630 —10 W. Jefferson Bivd.
Ft. Wayne, IN 46804

(219) 4325553

FAX: (219) 4325555

Technology Marketing Corp.
1214 Appletree Lane
Kokomo, IN 46902

(317) 4595152

FAX: (317) 457 —3822

lowa
Midwest Technical Sales
463 Northland Ave., N.E.
Suite 101
Cedar Rapids, IA 52402
(319) 3771688
FAX: (319) 377 —2029

Kansas

Midwest Technical Sales
13 Woodward Dr.
Augusta, KS 67010
(316) 775—2565

FAX: (316) 775—3577

Midwest Technical Sales

15301 W. 87 Parkway, Ste. 200
Lenexa, KS 66219

(913) 888—-5100

FAX: (913) 888—1103

Kentucky
Technology Marketing Corp.
718 Amhurst Place
Louisville, KY 40223
(502) 245—7411
FAX: (502) 2454818

Michigan
Techrep
2200 North Canton Center Rd.
Suite 110
Canton, MI 48187
(313) 981 —1950
FAX: (313) 981 —2006

Missouri
Midwest Technical Sales
514 Earth City Expwy., #239
Earth City, MO 63045
(314) 298 -8787
FAX: (314) 298 -9843

Nevada
TAARCOM
735 Sunrise Ave.
Suite 200—4
Roseville, CA 95661
(916) 782—1776
FAX: (916) 782—1786

New Jersey

HLM

333 Littleton Rd.
Parsippany, NJ 07054
(201) 263—-1535

FAX: (201) 263—-0914

New York
HLM
64 Mariners Lane
P.O. Box 328
Northport, NY 11768
(516) 757 — 1606
FAX: (516) 757 — 1636

Reagan/Compar

96 W. Forest Dr.
Rochester, NY 14624
(716) 271 —2230
FAX: (716) 381 —2840

Reagan/Compar

214 Dorchester Ave., #3C
Syracuse, NY 13203
(315) 432—8232

FAX: (315) 4328238

Reagan/Compar

3301 Country Club Road
Ste. 2211

P.O. Box 8635

Endwell, NY 13760
(607) 754 —2171

FAX: (607) 754 —4270



Sales Reeresentatives and Distributors

Domestic Sales Representatives (continued)

Ohio
KW Electronic Sales, Inc.
8514 North Main Street
Dayton, OH 45415
(513) 890—2150
FAX: (513) 890—5408

KW Electronic Sales, Inc.

3645 Warrensville Center Rd. #244
Shaker Heights, OH 44122

(216) 491—-9177

FAX: (216) 491—9102

Oregon
Northwest Marketing Associates
6975 S. W. Sandburg Rd, Ste. 330
Beaverton, OR 97223
(503) 620—0441
FAX: (503) 684 —2541

Pennsyivania
L. D. Lowery
2801 West Chester Pike
Broomall, PA 19008
(215) 356 —-5300
FAX: (215) 356 —8710

KW Electronic Sales, Inc.

4068 Mt. Royal Bivd., Ste. 110
Allison Park, PA 15101

(412) 492—-0777

FAX: (412) 492—-0780

Puerto Rico
Electronic Technical Sales
P.O. Box 10758
Caparra Heights Station
San Juan, PR. 00922
(809) 798—1300
FAX: (809) 798 —3661

Utah
Sierra Technical Sales
1192 E. Draper Parkway
Suite 103
Draper, UT 84020
(801) 571—-8195
FAX: (801) 571 —-8194

Washington
Northwest Marketing Associates
12835 Bellevue-Redmond, Ste. 330N
Bellevue, WA 98005
(206) 455—5846
FAX: (206) 451 —1130

Wisconsin
Micro Sales Inc.
210 Regency Court
Suite L101
Waukesha, W| 53186
(414) 786—1403
FAX: (414) 786—1813
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international Direct Sales Offices

Cypress Semiconductor
International—Europe
Avenue Ernest Solvay, 7
B— 1310 La Hulpe, Belgium
Tel: (32) 2—652—0270
Telex: 64677 CYPINT B
FAX: (32) 2—652—1504

France
Cypress Semiconductor France
Miniparc Bat. no 8
Avenue des Andes, 6
Z.A. de Courtaboeuf
91952 Les Ulis Cedex, France
Tel: (33) 1—-69—-07—-55—-46
FAX: (33) 1—-69—07—-55—-71

Germany

Cypress Semiconductor GmbH
Munchner Str. 15A

W-8011, Zorneding, Germany
Tel: (49) 81—-06—2855

FAX: (49) 81 —06—20087

Cypress Semiconductor GmbH
Biro Nord
Matthias-Claudius-Str. 17

W —2359 Henstedt-Ulzburg, Germany

Tel: (49) 4193-77217
FAX: (49) 4193-78259

Italy
Cypress Semiconductor
Via del Poggio Laurentino 118
00144 Rome, Italy
Tel: (39) 65—920—723
FAX: (39) 69—496—-888

Cypress Semiconductor
Interporto di Torino

Proma Strada n. 5/B

10043 Orbassano, ltaly

Tel: (39) 11—-397-57—-98
or (39) 11-397—-57—-57
FAX: (39) 11—-397—-58—10

Japan

Cypress Semiconductor Japan K.K.

Fuchu-Minami Bidg., 2F

10-3, 1-Chome, Fuchu-machi,
Fuchu-shi, Tokyo, Japan 183
Tel: (81) 423—69—-82—11
FAX: (81) 423—-69—-82—-10

International Sales Representatives

Australia
Braemac Pty. Ltd.
Unit 6, 111 Moore St.
Leichhardt, N.S.W. 2040, Australia
Tel: (61) 2—564—1211
FAX: (61) 2—564-—-2789

Braemac Pty. Ltd.

10— 12 Prospect Street, Box Hill
Melbourne, Victoria, 3128, Australia
Tel: (61) 3—899—1272

FAX: (61) 3—899—1276

Austria

Hitronik Vertriebsge GmbH
St. Veitgasse 51

A—1130 Wien, Austria

Tel: (43) 1 —877—4199
Telex: 133404 HIT A

FAX: (43) 1 —876—55—72

Belgium
Sonetech
Limburg Stirum 243
1810 Wemmel, Limburg
Tel: (32) 2—460—-0707
FAX: (32) 2—-460—1200

Denmark
Avnet Nortec
Transformervej 17
DK—2730 Herlev, Denmark
Tel: (45) 42—-84—20—-00
Telex: 35200 NORDEL DK
FAX: (45) 44—92—15—52

France
Arrow Electronics
73/79, Rue des Solets
Silic 585
94653 Rungis Cedex
Tel: (33) 1 49 78 49 00
FAX: (33) 1 49 78 05 99

Arrow Electronics

Les Jardins d’Entreprises
Betiment B3

213, Rue Gerland
69007 Lyon

Tel: (33) 78 72 79 42
FAX: (33) 78 72 80 24

Arrow Electronics
Centreda

Avenue Didier Daurat
31700 Blagnac

Tel: (33) 61 1575 18
FAX: (33) 61 30 01 93

Arrow Electronics
Immeuble St. Christophe
Rue de la Frebardiere

Zi Sud Est

35135 Chantepie

Tel: (33) 99 41 70 44
FAX: (33)99 50 11 28

Sweden
Cypress Semiconductor
Scandinavia AB
Taby Centrum, Ingang S
S—18311 Taby, Sweden
Tel: (46) 8 638 0100
FAX: (46) 8 792 1560

United Kingdom
Cypress Semiconductor U.K., Ltd.
3, Blackhorse Lane, Hitchin,
Hertfordshire, U.K., SG4 9EE
Tel: (44) 462—42—-05—-66
FAX: (44) 462—42—-19—69

Cypress Semiconductor Manchester
27 Saville Rd. Cheadle

Gatley, Cheshire, U.K.

Tel: (44) 614—28—-22—-08

FAX: (44) 614—28—-0746

Newtek

Rue de LEsterel, 8, Silic 583
F—94663 Rungis Cedex, France
Tel: (33) 1—-46—87—22—00
Telex: 263046 F

FAX: (33) 1—-46—87—-80—-49

Newtek

Rue de I’Europe, 4

Zac Font—Ratel

38640 Claix, France

Tel: (33) 16—76—98—-56—01
FAX: (33) 16—76—-98—16—04

Scaib, SA

80 Rue d’Arcueil Silic 137

9 4523 Rungis, Cedex, France
Tel: (33) 1—-46—87—23—-13
FAX: (33) 1—45—60—-55—49

Germany

API Electronik GmbH
Lorenz—Brarenstr 32
W-—-8062 Markt, Indersdorf
Germany

Tel: (49) 8136 7092

Telex: 527 0505

FAX: (49) 8136 7398
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International Sales Representatives (continued)

Metronik GmbH

Leonhardsweg 2, Postfach 1328

W —8025 Unterhaching,
Germany

Tel: (49) 89 611080

Telex: 17 897434 METRO D
FAX: (49) 89 6116468

Metronik GmbH
Laufamholzstrasse 118
W 8500 Nurnberg,
Germany

Tel: (49) 911 544966
Telex: 6 26 205

FAX: (49) 911 542936

Metronik GmbH
Loewenstrasse 37
W—7000 Stuttgart 70
Germany

Tel: (49) 711 764033
Telex: 7 —255—228
FAX: (49) 711 7655181

Metronik GmbH
Siemensstrasse 4 —6

W—6805 Heddesheim, Germany

Tel: (49) 6203 4701
Telex: 465 035
FAX: (49) 6203 45543

Metronik GmbH
Zum Lonnenhohl 38

W—-4600 Dortmund 13, Germany

Tel: (49) 231 217041
FAX: (49) 231 210799

Metronik Halle
Thalmannplatz 16/0904
0-—4020 Halle, Germany

SASCO GmbH
Hermann-Oberth-Str. 16
8011 Putzbrunn, Germany
Tel: (089) 4611 —211
Telex: 529 504 sasco d
FAX: (089) 4611 —271

SASCO GmbH
Gibitzenhofstr. 62

8500 Nurnberg 70, Germany
Tel: (0911) 42 10 65

Telex: 623097

FAX: (0911) 4257 94

SASCO GmbH
Stafflenbergstr. 24

7000 Stuttgart 1, Germany
Tel: (0711) 24 45 21

Telex: 723936

FAX: (0711) 2339 63

SASCO GmbH

Am Gansacker 26

7801 Umkirch bei Freiburg
Tel: (07665) 70 18

Telex: 7722945

FAX: (07665) 87 78

SASCO GmbH

Hainer Weg 48

6000 Frankfurt 70, Germany
Tel: (069) 61 03 91

Telex: 414435

FAX: (069) 61 88 24

SASCO GmbH

Beratgerstr. 36

4600 Dortmund 1, Germany
Tel: (0231) 17 97 91

Telex: 8227826

FAX: (0231) 17 29 91

SASCO GmbH

Am Uhrturm 7

3000 Hannover 81, Germany
Tel: (0511) 83 90 20

Telex: 921123

FAX: (0511) 8 4376 18

SASCO GmbH

Europaallee 3

2000 Norderstedt, Germany
Tel: (040) 5 23 20 13
Telex: 2165623

FAX: (040) 5 23 2378

Hong Kong
Tekcomp Electronics, Ltd.
913—4 Bank Centre
636, Nathan Road, Mongkok
Kowloon, Hong Kong
Tel: (852) 3—880—629
Telex: 38513 TEKHL
FAX: (852) 7—805-871

India
Spectra Innovations Inc.
Manipal Centre, Unit No. S—822
47, Dickenson Rd.
Bangalore —560,042
Karnataka, India
Tel: 80—588—323
Telex: 845 2696 or 8055
(Attn: ICTP—705)
FAX: 80—586—872

Israel
Talviton Electronics
P.O. Box 21104, 9 Biltmore Street
Tel Aviv 61 210, Israel
Tel: (972) 3—544—-2430
Telex: 33400 VITKO
FAX: (972) 3—544—2085

Italy

Dott. Ing. Guiseppe De Mico s.p.a.

V. Le Vittorio Veneto, 8
|—20060 Cassina d’Pechi
Milano, Italy

Tel: (39) 29—-53—-43 —-600
Telex: 330869 DEMICO |
FAX: (39) 29—-52—19—12

Silverstar Ltd. SPA
Viale Fulvio Testi, 280
20126 Milano, ltaly
Tel: (39) 2 661251
Teles: 33 2189 SIL 71
FAX: (39) 266101359

Japan
Tomen Electronics Corp.
2-1-1 Uchisaiwai-Cho, Chiyoda-Ku
Tokyo, 100 Japan
Tel: (81) 3—3506—3673
Telex: 23548 TMELCA
FAX: (81) 3—3506—3497

CTC Components Systems Co. Ltd.
4—8—1, Tsuchihashi,

Miyamae —Ku, Kawasaki— Shi,
Kanagawa, 213 Japan

Tel: (81) 44—852—5121

Telex: 3842272 CTCEC J

FAX: (81) 44—877—4268

Fuiji Electronics Co., Ltd.
Ochanomizu Center Bldg.
3-—-2—12 Hongo, Bunkyo—Ku
Tokyo, 113 Japan

Tel: (81) 3—3814—1411
Telex: J28603 FUJITRON
FAX: (81) 3—3814—1414

N.D.A. Co. Ltd.

The Second Preciza Bldg.
4—8—3 lidabashi Chiyoda—Ku
Tokyo, 102 Japan

Tel: (81) 3—3264—1321
Telex: J29503 I1S| JAPAN

FAX: (81) 3—3264—3419

Fujitsu Devices, Inc.
Osaki West Bldg.

8—8, Osaki 2—Chome,
Shinagawa —ku

Tokyo 141, Japan

Tel: (81) 3—3490—3321
FAX: (81) 3—3490—-7274

Japan Electronics

Materials Co., Ltd (JEMCO)
2—20—10 Minamikaneda, Suita-shi,
Osaka 564 Japan

Tel: (81) 6—385—6707

FAX: (81) 6—330—-6814

Ryoyo Electro Corporation
Knowa Bldg., 1 —12—22 Tsukiji,
Chuo—ku, Tokyo 104 Japan

Tel: (81) 3—5565— 15631

FAX: (81) 3—5565—1546

Korea
Logicom Inc.
1634 —9 Bongchun-Dong
Kwanak —ku
Seoul, Korea 151 —061
Tel: (822) 888 —2858
FAX: (822) 888 —7040

superCHIP Inc.

6th Floor, KyungdJin Bldg. 161—17
Sansung-dong, Kangnam-ku
Seoul, Korea

Tel: (822) 558 —5559

FAX: (822) 558 —1875



Sales Reeresentatives and Distributors

International Sales Representatives (continued)

Netherlands
Sonetech B.V.
Gulberg 33, NL—-5674
Te Nuenen
The Netherlands
Tel: (31) 40—83—70—-75
Telex: 59418 INTRA NL
FAX: (31) 40—83—23—-00

Norway
Avnet Nortec Electronics A/S
Smedsvingen 4, P.O. Box 123
N—1364 Hvalstad, Norway
Tel: (47) 66—84—62—10
Telex: 77546 NENAS N
FAX: (47) 66—84—65—45

Singapore
Electec PTE Ltd.
Block 50, Kallang Bahru
#04 —21, Singapore 1233
Tel: (65) 294 —8389
FAX: (65) 2947623

Spain
ATD Electronica
Avda. de la Industria No. 32
Nave 17, 2B, 28100 Alcobendas
Madrid, Spain
Tel: (34) 1—66—16—551
FAX: (34) 1—66—16—300

Sweden
TH:s Elektronik AB
P.O. Box 3027
Arrendevagen 36
$163 03 SPANGA, Sweden
Tel: (46) 8 362 970
Telex: 111 45 tenik s
FAX: (46) 8 761 3065

Switzerland
Basix fur Elektronik A. G.
Hardturmstrasse 181
CH-—8010 Zurich, Switzerland
Tel: (41) 1—-276—-11—11
Telex: 822762 BAEZ CH
FAX: (41) 1—276—14—48

Taiwan R.O.C.
Prospect Technology Corp.
SF, No. 348, Section 7
Cheng-Teh Rd.
Taipei, Taiwan
Tel: (886) 2—820—5353
Telex: 14391 PROSTECH
FAX: (886) 2—820—5731

United Kingdom
Ambar Components Ltd.
17 Thame Park Road
Thame, Oxfordshire
England, 0X9 3XD
Tel: (44) 844—26—11—44
Telex: 837427
FAX: (44) 844—-26—17—89

Arrow Electronics (UK) Ltd.
St. martins Business Centre
Cambridge Road

Bedford MK42 OLF, U.K.
Tel: (44) 234 270272

FAX: (44) 234 214674

Pronto Electronic System Ltd.
City Gate House

Eastern Avenue, 399—425
Gants Hil, Iliford,

Essex, U. K. 1G2 6LR

Tel: (44) 81—-554—-62—22
Telex: 8954213 PRONTO G
FAX: (44) 81 —518—32—22



Sales Regresentatives and Distributors

Distributors

Alliance Electronics:
Scottsdale, AZ 85254
1—800—608—9494
FAX: (602) 4433898

Santa Clarita, CA 91350
l(__805) 297 —6204
AX: (805) 297 —6205

Shelton, CT 06484
’(:203) 926 —-0087
AX: (203) 926 —1850

Tampa, FL 33611
813) 831—-7972
AX: (813) 831 —-8297

Vernon Hills, IL 60061
(708) 949 —-9890
FAX: (708) 949—1162

Boston, MA 02110
1-—800—854—-2393
FAX: (617) 261—7987

Winchester, MA 01890
1—-800—-888-—-6627
FAX: (617) 756 —1226

Albuquerque, NM 87123
1—-800—955—-3360
FAX: (505) 275—6392

Binghamton, NY 13901
(607) 648—-8833

Huntington, NY 11743
(516) 673—1930
FAX: (516) 673—1934

Dayton, OH 45459
(513) 433—-7700
FAX: (513) 433—3147

Carrolton, TX 75007
(214) 492—-6700
FAX: (214) 4925474

Anthem Electronics, Inc.:

Tempe, AZ 85281
(602) 966 —6600

Chatsworth, CA 91311
(818) 775—1333

East Irvine, CA 92718
(714) 7684444

Rocklin, CA 95677
(916) 624—9744

San Jose, CA 95131
(408) 453—-1200

San Diego, CA 92121
(619) 453—-9005

Englewood, CO 80112
(303) 790—-4500

Waterbury, CT 06705
(203) 575—-1575

Altamonte Springs, FL 32701
(407) 8310007

Schaumburg, IL 60173
(708) 884 —0200

Wilmington, MA 01887
(508) 657 -5170

Columbia, MD 21046
(301) 9956640

Eden Prairie, MN 55344
(612) 944 —-5454

Pine Brook, NJ 07058
(201) 227 —-7960

Commack, NY 11725
(516) 864 —-6600

Beaverton, OR 97005
(503) 643—-1114

Horsham, PA 19044
(215) 443-5150

Richardson, TX 75081
(214 238—-7100

Salt Lake City, UT 84119
(801) 973—8555

Bothel, WA 98011
(206) 483—1700

Arrow Electronics:
Alabama

Huntsville, AL 35816
(205) 837 —6955

Arizona
Tempe, AZ 85282
(602) 431 —0030

California
Calabasas, CA 91302
(818) 880—-9686

San Diego, CA 92123
(619) 565—-4800

San Jose, CA 95131
(408) 441-9700

San Jose, CA 95134

Tustin, CA 92680
(714) 587 —-0404

Canada
Mississauga, Ontario LT 1MA
(416) 6707769

Dorval, Quebec H9P 2T5
(514) 421 —-7411

Neapean, Ontario K2E 7W5
(613) 226 —6903

Quebec City, Quebec G2E 5RN
(418) 871 —-7500

Burnaby, British Columbia V5A 4T8
(604) 421 -2333

Colorado
Englewood, CO 80112
(303) 799—-0258

Connecticut
Wallingford, CT 06492
(203) 2657741

Florida
Deerfield Beach, FL 33441
(305) 429-8200

Florida (continued)
Lake Mary, FL 32746
(407) 333—9300

Georgia
Deluth, GA 30071
(404) 497 —1300

lllinols
Itasca, IL 60143
(708) 250—0500

Indiana
Indianapolis, IN 46268
(317) 299 —-2071

Kansas
Lenexa, KS 66214
(913) 541 —-9542



Sales Regresentatives and Distributors

Distributors (continued)

Arrow Electronics: (continued)

Maryland
Columbia, MD 21046
(410) 596 —-7800

Gathersburg, MD
(301) 596 —-7800

Massachusetts
Wilmington, MA 01887
(617) 658 —0900

Michigan
Livonia, Ml 48152
(313) 462—2290

Minnesota
Eden Prairie, MS 55344
(612) 941 —-5280

Missouri
St. Louis, MO 63146
(314) 567 —6888

New Jersey
Mariton, NJ 08053
(609) 596 —8000

Pinebrook, NJ 07058
(201) 227 —-7880

New York
Rochester, NY 14623
(716) 427 —0300

Hauppauge, NY 11788
(516) 231 —-1000

North Carolina
Raleigh, NC 27604
(919) 876—-3132

Ohio
Centerville, OH 45458
(513) 435—5563

Solon, OH 44139
(216) 248—3990

Oklahoma
Tulsa, OK 74146
(918) 252—-7537

Oregon
Beaverton, OR 97006 —7312
(503) 629—-8090

Pennsyivania
Pittsburgh, PA 15238
(412) 963—-6807

Texas
Austin, TX 78758
(512) 835—4180

Carroliton, TX 75006
(214) 380—-6464

Houston, TX 77099
(713) 530—4700

Washington
Bellevue, WA 98007
(206) 643 —9992

Spokane, WA 99206 —6606
(509) 924 -9500

Wisconsin
Brookfield, WI 53045
(414) 792—0150



Sales ReEresentatives and Distributors

Distributors (continued)

Marshall Industries:
Alabama
Huntsville, AL 35801
(205) 881 —9235

Arizona
Phoenix, AZ 85044
(602) 496 —0290

California

Marshall Industries, Corp. Headquar-
ters

El Monte, CA 91731 —3004

(818) 307 —6000

Irvine, CA 92718
(714) 458 —5301

Calabasas, CA 91302
(818) 878 —7000

Rancho Cordova, CA 95670
(916) 635—9700

San Diego, CA 92123
(619) 627—4140

Milpitas, CA 95035
(408) 942 —4600

Canada

Brampton, Ontario L6T 5G3
(416) 458 —8046

Ottawa, Ontario

(613) 564 —0166

Pointe Claire, Quebec H9R 5P9
(514) 694—8142

Colorado
Thornton, CO 80241
(303) 451 —8383

Connecticut
Wallingford, CT 06492 —-0200
(203) 265—3822

Florida
Ft. Lauderdale, FL 33309
(305) 977 —4880

Florida (continued)
Altamonte Springs, FL 32701
(407) 767 —8585

St. Petersburg, FL 33716
(813) 573—1399

Georgla
Norcross, GA 30093
(404) 923-5750

lllinois
Schaumbrug, IL 60173
(708) 490—-01 55

Indiana
Indianapolis, IN 46278
(317) 297 —-0483

Kansas
Lenexa, KS 66214
(913) 492-3121

Maryland
Silver Springs, MD 20904
(301) 622—1118

Massachusetts
Wilmington, MA 01887
(508) 658—0810

Michigan
Livonia, Mi 48150
(313) 525—-5850

Minnesota
Plymouth, MN 55447
(612) 559—-2211

Missouri
Bridgeton, MO 63044
(314) 2914650

New Jersey
Fairfield, NJ 07006
(201) 882—0320

Mt. Laurel, NJ 08054
(609) 234—9100

New York
Endicott, NY 13760
(607) 785—2345

Hauppage, NY 11788
(516) 273—-2695

Rochester, NY 14624
(716) 235—-7620

North Carolina
Raleigh, NC 27604
(919) 8789882

Ohio
Solon, OH 44139
(216) 2481788

Dayton, OH 45414
(513) 898 —4480

Oregon
Beaverton, OR 97005
(503) 644 —5050

Pennsylvania
Mt. Laurel, NJ 08054
(609) 234—9100

Texas
Austin, TX 78754
(512) 837 —-1991

Richardson, TX 75081
(214) 705-0600

Houston, TX 77043
(713) 467 —1666

Utah
Salt Lake City, UT 84119
(801) 973—2288

Washington
Bothell, WA 98011
(206) 486 —5747

Wisconsin
Waukesha, Wi 53186
(414) 797 —-8400



, Sales ReEresentatives and Distributors

Distributors (continued)

Semad: Zeus Electronics:
Calgary Yorba Linda, CA 92686
Calgary,sélberta T2H 2S8 (714) 921 -9000
(403) 252—5664
FAX: (800) 565—9779 (nga')’%szeéfﬁfgg‘m
Montreal
! . Lake Mary, FL 32746
Pointe Claire, Quebec H9R 427 !
(514) 684 — 0860 (407) 333-3055
1-800—361—6558 Wilmington, MA 01887
FAX: (514) 694—0965 (508) 658 —-4776
Ottawa Port Chester, NY 10573
Otta\;va, Ontario K1B 1A7 (914) 937—-7400
(613) 526 -4866
FAX: (613) 523—4372 Ppp s R A
Toronto

Markham, Ontario L3R 424
(416) 475—-3922
FAX: (416) 475—4158

Vancouver
Burnaby, British Columbia V5G 4M1
(604) 451 —-3444
1—-800—663 —8956
FAX: (604) 451 —3445






