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PROJECT SYNOPSIS

Introduction:

We are involved in designing and implementing a programmable High
speed Multi Channel Data Acguistion cum Signal Processing System . The
Buffered Data Router is going to the front end of the Fast Fourier Transform

card (FFT) which forms the kernel of a digital spectrometer.

The FFT card was designed at RRI. At the heart of the FFT card lies a Fast
Fourier  Transform  Processor  the ~PDSP16150 from  PLESSEY
SEMICONDUCTORS. This digital spectrometer (including our BDR) will be
assimilated into the Gauribidanur radio telescope, and will be used to study carbon

radio recombination lines.

Functional explanation:

The block diagram shows the overall Multi-Channel Digital
Spectrometer hardware. The Bi)R 1s at the top of the hiearchy as far as data flow
is concerned. The signals in analog domain are digitized and stored in memeory
banks in BDR module itself. It is then furnished to the FFT module in contigious

blocks.

The FFT module consists of the FFT chip which accepts data on two 16-bit
input channels either as real or imaginary parts of a tomplex sequence or as two
independent sequences. This chip then compiles the fast fourier transform of the

input data at very high speed. The output is also in the form of 16-bit integers.



This output is fed to an integrator, where the fourier samples, are integrated
in order to extract the signal buried in noise. The pipelined adders required for

integration are incorporated in high density EPLDs called FLEX devices.

r

A PC/AT based interface has been developed for high speed acquistion of
data and then transfered directly on the hard disk, at speeds of a few Mbytes per-
second. This interface is designed to follow Extended Industry Standard

Architecture (EISA) bus standards, which allows 32-bit transfers.

Design of BDR:

The system is to be designed in such a way that it can acquire signal both in
the time domain and in the frequency domain. To accomplish this, we intend to

design the system around high speed ADCs, Multiplexers etc.

The design of the high speed BDR is still under scrutiny for the following

reasons. We have two design philophies in mind, they are:

(a) To use only a single ultra high speed ADC with a analog
multiplexer preceeding it.

(b) To use eight medium speed low cost ADCs

Is it feasible to use a single ultra high speed ADC operating at several

megacycles per second with ali the associated circuitry to compensate high



frequency errors or use eight ADCsfor the eight channels, operating at several

kilocycles per second?
It is a problem of optimization of cost, performance and circuit simplicity.

Our BDR s programrmable, in the sense that, the user can opt the number of
channels (1to 8) and select the number of points for the FFT computation. The
various modes of operation and the data rate can be 16 point complex at 24

Msamples/sec or 2*1024 point complex at 12Msamples/sec and so on.

We have to design the base band filters as depicted and a EISA interface for.
FFT card.

The BDR is going to have as a wide range of applications. Due to its
programmable ﬂexibyility it can be used in a multitude of situations where the
number of channels required vary. With just the EISA interface (excluding FFT
card) the system can also perform as a high speed DAS. It can also be used as a
general lab spectrum analyser. The design of the BDR is such that, in future when
ultra high speed ADCs are available at low costs they can be swapped with the

existing ones with rest of the circuitry unchanged.
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1.1 INTRODUCTION.

Fourier Transform(FT) is fundamental tool of spectrum analysis used in several
_ apvplications, both commercial and scientific Among its ‘applicat‘ions in Radio Astronomy,
there is an ever-growing need for faster computation of FT over long sequences of data
samples. Conventionally, this is realized with highly optimized, "fast" fourier tranéform
algorithms written on high speed, general purpose computer system. In such a case, the cost to
computation ratio for a general computer proves too very uneconomical. In several cases, it
may be required to obtain spectra of signals in real-time, before recording. However there are
many applications demanding a throughput rate that cannot be afforded by these comf)uters‘
and quite often, one needs a dedicated FT yméessor.
In real time applications, th‘asedevices ma); be used as embedded processors in the
target ciréuits and can as well be i‘;zterfaceiili suitably to work as “accelerators” for general
purpose computers. Engineers at RRI have developed a flexible Digital Spectrometer

Card(DSC) to function for both of these purposes. <

The genesis of this designis a part of an ongoing Pulsar instrumentation work.
Apart from observation of puisars, the system can be used in a variety of astronomical
applications ke the Radic Recombinational lines studies, Electron Proton Annihilation

studies, or as a general purpose Spectrometer which can perform long stretches of integrations

Dept. of E & C Engineering, R.V.C.E. Bangalore
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1.2 MULTI - CHANNEL SPECTROMETER

At the heart of the SPECTROMETER is a DSP chip PDSP16510. This is a dedicated
FFT chip. This chip accepts data on two 16-bit input channels, either as the real and
imaginary parts of a complex sequence, or as two independent real sequences. It can perform
FFT over different lengths of data sequence, for example- 16, 64, 256 & 1024 points at the
maximum rate of 12 M samples/sec. This output can be either acquired by a PC/AT with EISA
BUS interface or can be integrated in the buffers of the DSC. The integration buffers are
implemented by using FIFOs as the associated control logic will be bare minimum. The user
can integrate the data up to 216 times in these buffers. When integrated, data can be wﬁtten on
to the hard disk. At the same time the integrated-fourier‘transformed éutput will be written

into the other FIFO and this process repeats.

The DSC does not include the necessary interface circuitry for interfacing the signals
from the Real world domain to the Digital Domain. Being single channel spectrometer, it
offers limited resolution. In order to develop a completely independent, multi-channel Digital
Spectrometer, we have designed a programmable 8-channel Digitizer card and a Buffered

Data Router{BDR). The over all block diagram of the system is shown in fig(/. /)

The programmable 8 channel Digitizer Card has a bank of 8 sample and hold circuits at

the front end, for sampling the analog signals. 1t 1s followed by 8x1 analog multiplexer whose

Dept. of E & C Engineering, R.V.C.E. Bangalore
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output is fed to a 10-bit ADC. This ADC is of FLASH type which can work at a maximum

speed of 18 Msamples/sec and has a novel pipelined architecture. Due to its piplined
architecture, after 4 clock cycles the digitized data flows out continuously. The start of
conversion and end of conversion pulses are >not necessary to digitize each sample, - thus
simplifying the control circuitry. The digitized data is then fed to the Buffered Data Router

[BDR].

The BDR is equipped'wit:h -a double bui%er, of SRAM mémory chips and the necessary
control logic. Input data is first %rit'tgri into B.UFFER—A at the rz;te programmed by the user
depending upon the input bandwidth. ;Aé 506%1 as the prlogrammed: number of pbints per
channel have been written’, the address‘c‘ounter, ;senvds a.: buffer‘ﬁjll signalv to the MUX circuits.
At this point the MUX swaps the 6uﬁér—s The inplit -vdataiis now written into BUFFER-B
while BUFFER-A will be read by: host ‘CPU orthe DSC. The buffers are swapped again

when BUFFER-B sends its buffer full signal to t}lé MUX circuits, and this process repeats.

The ALTERA programmable logic developmenf system was used to integrate various
logic circuits into h/;AX-7000 and MAX-5000 family EPLDs. In fact we have used
EPM7128LC84 {84-pin EPLD), which appertains to the MAX-7000 family while the other 1s
EPM5016 (20-pin EPLD) of MAX-5000 family. These chips provide a comprehensive cost-

effective solution for designs, intensive in combinatorial logic.

Dept. of E & C Engineering, R.V.C.E. Bangalore
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2.1 THE PROBLEM.

The crux of the problem lies in ‘radio observations of low frequency Carbon
Radio Recombination Lines (CRRLs) by making use of the Multi Channel Spectrometer.
By "Lines” we ascribe to radiation at unique wavelengths. Every element has a unique
emission spectrum - finger prints of \elements. These lines are caused for the following reason.
When an electron 1s excited by supplement of energy either thermal or non-thermal, the
electrons move to an higher Aenergy level (orbit). This state is quasi-stable state, hence it falls
back to its previous stable state, i.e. lower energy level. In doing so the difference in energy is
radiated as electromagnetic radiation. Since energy levels are quantized, the emitted energy is

of definite wavelength.

At the Gauribidanur Radio Telescope (GEETEE) [ please refer to Appendix-A.]
the recombination lines can be observad at decametric \%/avelengths. The operating frequency
of the GEETEE is 34.5 MHz, with a good usable bandwidth of 2 MHz. The CRRLs at
these frequencies corresp;nd to high principal quantum numbers around 574c, with typical line

widths of the order of 1kHz  Within the observational bandwidth of GEETEE 12 of these

CRRLs can be Qbserved{p!easé refer to Appendix-B]. In order to observe these lines a

Dept. of E & C Engineering, R.V.C.E. Bangalore
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resolution of approximately 250 Hz is an essential condition. Hence it was conceived to build

a stable Spectrometer, which could be used for the above said observations.

The DSC could not be used in its present form of single channel spectrometer, because
of the poor resolution that could be obtained, which is elucidated in the following discussion.
The resolution of the Spectrometer is defined as:
Resolution = BW /N Hz.

where BW is the Bandwidth and N is the number of points of FFT performed.

If we determine the resé)lution of the Spectrometer for 2 MHz bar;dwidth with 1024
points FFT it turns out to be :
Resolution = 2 MHz /1024 = 1953.12500 Hz
The resolution obtained is ciearly inadequate for useful observations. In order to
improve the resolution, we have hit ¢pon the novel idea of splitting the 2 MHz bandwidth into
8 separate bands each of bandwidth 250 kHz and then performing a 1024 point FFT on each of
them. This will improve the Reselutioia, by a factor of 8 and the resolution would now be

Resolution = 250 kHz / 1024 = 244.140625 Hz

which could be used conveniently for the observations.

Dept. of E & C Engineering, R.V.C.E. Bangalore
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2.2 DESIGN PRINCIPLE OF DIGITIZER CARD.

The design dogma is now dictated by the reductio ad absurdum in the previous
section. It is now clear that the number of input channels for BDR is 8. There are two
design philosophies which can be implemented.

They are:
(a) To use a single hlgh sp‘eé‘d ADC xuvith.’ a »aryif;lil‘ogvﬁlultitél‘iger.

(b) To use eight medium speed ADCe with a digital multiplxer.

The block diagram of the two designs are shown in fig(2.1). Comparing the two
design philosophies, we will come to know that design (a) is cost effective and simple in terms
of circuitry. The reasons are obvious, when one looks at thé two designsr. The first point we
notice is that we need 8 ADCs for design (b) while only one ADC is sufficient for design (a).
Since the ADCs are of 8-bit resolution we néed a 8-bit 8:1 Digital Multiplexer for design (b).
The Digital Multiplexer may not be available or may be too expensive. All these bottle necks

are not encountered in design {a).

Dept. of E & C Engineering, R.V.C.E. Bangalore
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2.3 DESIGN PRINCIPLE OF BUFFERED DATA ROUTER.

The BDR furnishes digitized data to the DSC card. It should take heed of supplying

data in proper format and at required throughput rates so that both of them work in

synchronism.

When we give a "Sample" c\orrirr'xarnd to the S/H c'ircuif we are a‘Ctua’Ily sampling 8 input
analog signals appearing at 8 ini;ut ch;nhels, Aﬁer digitizing we ‘obtailr,i-' a serial output of 8
data ponts, each of which corresponds to 8 chénnels in sequential ordef. It is quite evident
that we cannot send these data words directly to DSC, because individual data points do not
have any correlation with each other as they are from diﬁ’ereﬁt channels. There is one way
out of this bottle neck, that is by storing the ciata temp.orarily on some §iorage device and then
throughputting the data in contiguous blocks to the PDSP chip. Therefo.re we are making use

of a memory (SRAM) as temporary storage.

After 1024 data points from each channel has been written, it is read out of the memory
in the fashion the PDSP desires. Subsequently we will be storing a maximum of 8 * 1024 =

8192 data points. Inevitably we need a 8K RAM chip to accommedate this data.

Continuum supply of data necessitates read and write simultaneously  Since this is not

possible on a RAM chip, we are left with a choice of using two 8K RAM chips(of course. we

Dept. of E & C Engineering, R.V.C.E. Bangalore
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could use Dual-Port RAM, but the control circuitry would be involving and complex) hence we
restrain ourselves to a simple design involving two RAMs. We apportion 1K in both of the -
8K RAM chips for each channel. Individual data points are written in their respective 1K
blocks. After 8192 samples and digitization we are left with one of the RAM chips full of
data where in, each 1K block of memory corresponds to one particular channel. Now we can
read out of RAM chip and furnish this data to DSP. Simultaneously we can continue to
~ write fresh data into the second RAM ;ﬁhip_ Under this icircumstanc;: the PDSP chip sees a

continuous stream of data from BDR even though the acquisition is by fits and starts.

Dept. of E & C Engineering, R.V.C.E. Bangalore
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3.1 DIGITIZER CARD IMPLEMENTATION

With the design of digitizer card finalized, it can be seen that it will require these basic
components:
e Sample and Hold circuits
e Analog Multiplexer

e Analog to Digital Converter

Sample and Hold circuit:

The signals from all the 8 channels are sampled at the same instant of time. The S/H
circuits will be holding the same analog value till the next sample pulse is applied. With an
input frequency band of 250 kHz, the Nyquist sampling frevquency will be 500 kHz. So the
time interval between two samples is 2usecs. In this time period the ADCb will have to digitize
all 8 channel outputs starting from the first channel through the last channel in sequential
order. Hence there will be 0.25useconds for each channel to be digitized. fhe S/H on the 8th
channel will therefore, have to hold its output for 1.75useconds. We have chosen AD9100 for
sampling the analog signals, which has a typical droop rate of ImV/us. The droop in output
voltage of the last S/H 1s 1.75mV. The resolution of the ADC used (AD773)1s 0.97mV. So a
change of 1.75mV at the S/H output will lead to an approximate change of 2 bits in the

digitized value of the ADC output. This

Dept. of E & C Engineering, R.V.C.E. Bangalore
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klgnd of accuracy is acceptable for all practical purposes. The schematic and the PCB layout of

the S/H circuit is as shown in the fig (3./a & b). Further details of the S/H AD9100 can be

found in Appendix D.

Analog Multiplexer:

The Analog MUX will have to switch all the eight outputs of the S/H circuits to the
ADC for digitizing before the arrival of the next sample pulse. This gives it an interval of
0.25useconds to switch between two channels. This time should include all the delays involved
in a MUX, like settling time and channel has a settling time of 70ns (typical), and channel
switching time of 40ns (typical). The AD9300 is a 4:1 multiplexer. However, its output can
be put into high impedance state. This will allow us to use two such MUXes in parallel,

forming a 8:1 multiplexer. The schematic and PCB layout of the MUX are shown in fig(3.2a &

b). Further details of the MUX can be found in Appendix D.

Analog to Digital converter:

After the sample pulse is given to the S/H circuits the Analog to Digital converter will
have to digitize the outputs of all the 8 channels. So the ADC will have to operate at eight
times the speed of the S/H circuits. With a sampling frequency of 500 kHz given to the S/H
circuits, the ADC has to therefore, operate at 4 MHz, giving the ADC a conversion time of
0.25pseconds. With this factor in view the ADC we selected was AD773. It is a monolithic

10-bit, flash ADC, with a thrQughput rate of 18 MSPS ADC with a on board track and hold
Dept. of E & C Engineering, R.V.C.E. ‘Bangalore
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amplifier. AD773 is a pipe lined device. It has a delay of four clock pulses between an analog
voltage applied at its input and the corresponding digitized data appearing at its output. It has
an input range of 1V (peak-to-peak). Since the resolution of a ADC is given by:

Resolution = input voltage swing /(2n);
where n is the number of bits of ADC output.
This gives a resolution of (1V/(1024)

Resolution = 977.4 uV.
With a conversion time of 5.55x10-08 this ADC is ideally suited for specifications

imposed by the Digitizer card. The schematic of the ADC and it's PCB layout is shown in fig

(3.3a & b). Further details regarding AD773 can be obtained in Appendix D.

Dept. of E & C Engineering, R.V.C.E. Bargalore
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3.2 BUFFERED DATA ROUTER

Spectrometric analysis of the signals received from the radio telescope is continuous
process. This involves a continuous flow of data through the  Buffered Ddta Router
(fig(3.4)), to the FFT card. With 8 different channels involved, a rearrangement of digitized
ADC output is needed. This is because the FFT chip requires the entire set of 1024 (or 512 or
256 ...) points of a single channel, given to it consecutively. But the ADC will be digitizing the
signals of all the channels' one after another. So if at the n® clock pulse, the digital output
from ADC is from channel x (say), then at the (n+1)th clock pulse the digital output is from
(x+1)th channel. If the ADC output was to be given directly to the FFT card, two consecutive
data outputs from the ADC will be from two entirely different channels as shown in fig (3.5).

Processing of such a stream of data would lead to faulty results in the FFT output.

To sort out this problem, rearrangement of the ADC output must be performed. This
task involves temporary storage of digitized data on the BDR. RAMs are best suited for the
job of temporary storage, when the required speed of operation and cost are taken into
perspective. With the requirement of 1024 points FFT on all 8 channels, the total amount of |
data to be stored will be 8192 bytes, with 1kB for each channel. Data from a channel will be
written into its corresponding LkB block, after being digitized by the ADC. This stored data is

then read in a stream of 1024 data points from the same channel.

To keep the data flowing ceaselessly, it must be read from and written into the RAMs

simultaneously. But RAMs present a problem. At a given instant of time, they can perform

Dept. of E & C Engineering, R.V.C.E. Bangalore
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only one task, either reading or writing. Both these operations cannot be performed
simultaneously. This predicament is preempted by using two separate memories. While one of
them is storing data from the ADC, the other will be sending previously stored data down to

the FFT card after the required rearrangement.

To perform this prestidigitation of writing and reading data simultaneously into the
respective memories and then swapping the operation, the Buffered Data Router has been

used.

The BDR consists of the following blocks:
(a) Sequencer Circuit

(b) Memory banks.

3.2-1 SEQUENCER CIRCUIT:

The sequencer circuit forms the quintessence of the Buffered Dat¢ Router. It
functions as an address generator for the two memories and also for controlling the read and
write operations of static RAMs. The ability to program the number of points and channels
involved in the FFT process, is one of the feature incorporated into the BDR.. This means the
user will stipulate the number of points and channels. This is a vital information for the

sequencer circuitry.
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The inputs to the sequencer circuit are as follows:

enumber of points
snumber of channels
sclock

eenable signal

The stipulated number of channels and points are accepted from the user by means of a
program written in C language. Using either an ISA or EISA interface card, this information is
then fed to the BDR.. The sequencer circuit in the BDR accepts this data and stores it in the
appropriate latches.

The block diagram of the sequencer circuit is as shown in fig(3.6). The sequencer circuit
itself can be categorized as:
.a) Address Generator and Multiplexer

b) Clock Controller

ADDRESS GENERATOR:

The address generator is used for generating address sequence for read and operations
performed on the two memories. In order to access all 8k locations in the S-RAMs, a 1-3 bit
address is required. This 13 bit address is generated by a 13 bit counter. With reading and
writing address taking place simultaneously two address generators are required, namely, the

read address generator and write address generator.
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(a) Write Address Generator:

As explained earlier, the memory is divided into eight 1 kB blocks and each 1k block is
for holding data from one channel. Two consecutive outputs of ADCs are from two different
channeis. They need to be stored into their respective 1k blocks. Therefore at every clock
pulse the write address generator has to increment itself by 1024 in order to point to the
correct memory block. After storing data pointé from Iall N¢ channels it will have to switch to
switch to first 1k block and point to next free location in it. The sequénce of write address

generated is shown in fig(3.7)

To achieve this the write address generator is diyided into 2 parts a 3 bit counter and a
10 bit counter. Both these counters are programmable. The number of pbints are programmed
into the 10 bit counter and the number of channels are programmed into the 3 bit counter. The
3 bit counter is clocked by the master clock. At every clock pulse, it's incremented by one.
The significance of this 3 bit counter, is that the 13 bit address is incremented by 1024 at every
clock pulse. After being through with all the channels, this counter is reset. This reset pulse
clocks the 10 bit counter and is incremAented by one, thereby pointing to next location in the

memory of the first 1K block.

The wnte address generator circuit is shown in the overall circuit diagram. Refer to

fig(3.9)
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(b) Read Address Generator:

The data stored in the memory has to read out sequentially into the FFT card. All data
points stored in one 1k block, which corresponds to the data from one channel, are fead first
before going over to the next 1k block and the process is repeated.

This means that the address pointer has to be incremented by one at every clock pulse
and after reading Np points, has to be incremented to the starting position of next 1k block.
The sequence of read address generated is shown in fig(3.8).

In order to achieve this sequence of addressing the address generator is built by cascading 10
bit and 3 bit counters. But in this case the 10 bit counter is clocked by the master clock. This
will cause the address pointer to be incrémenfed by one at every clock. When the output of
this counter is clocks the 3 bit counter.

Hence, the address generator will now point to the starting location of the next 1kB block.

The read address generator circuit is shown in the overall circuit diagram. Refer 1o fig(3.9)

Address Multiplexer:

With both S-RAMs involved in read and write operations, the two of them will have to
be provided with both the read and write address sequences. So the outputs of the two address
generators are time multiplexed, and the outputs of the multiplexer forms the address bus of
the two memories. The control bits for the multiplexer are provided by the status
registers. The address multiplexer is as indicated in the overall circuit diagram. Refer to fig
(3.9).
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3.3 CLOCK CONTROL CIRCUIT:

The clock control circuit is used for providing appropriate clock pulses to the various
functional blocks. It is fed with a master clock from an external circuit. The clock signals

provided are :

e

e Memory address clock: clock for the memory address generat‘orsl

e Read and Write control signals: enabling signals for the S- RAMs and buffers.

® Clock Control for Analog circuitry: clocking pulses for the ADC, sampling clock

for sample and hold circuits.

The method of generation of various signals is represented schematically in fig(3.10).

Clock for Memory Address Generators:

- The ADC being a pipe lined device has a delay of 4 clock pulses, between an analog
signal being given at its input and the corresponding digitized data appearing at the ADC
output. The digital data from the ADC is then written into SRAMs. So the address generators
used for geﬁerating writing address should start only after this delay. A 3 bit synchronous self
stopping counter is used for this purpose. The output of this counter is decoded and used to

enable clock to the address generator.
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At the time of power up or any ensuing initialization of the BDR this 3 bit counter is

also cleared. It then accumulates 4 counts. On the 5th pulse this counter is stopped and the

clock to the read and write address generator is enabled. The appropriate waveforms are

indicated in fig(3.11).

Read/Write Control Signals:

The two SRAMs and their associated buffers need control pulses, like output enable,
write enable etc., for their operation. The read write controller in the clock control circuit

generates these control pulses. The operation of each control pulse is discussed below briefly.

e BUF-OE: It is used to control the output of fhe buffer  When BUF-OE is low,
output of the buffer is enabled and with BUF-OE high, the output is
tri-stated. x | |

¢ RAM-OE: This signal enables tﬁe output of the SRAMs. With RAM-OE low the

data can be read out of the memory and if it is high the memory may be
used for writing (if WR = 1). If RAM-OE is high output of memory
will be tri-stated.

¢ RD/WR: This signal controls the state of the SRAMs, that is, it decides whether

data can be written into the SRAM or read from it.

The read write controller logic circuit is indicated in the overall circuit diagram. The

two D type flip-flops are so connected that their outputs are perpetually complements of each
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other. Their outputs have been used to dictate the generation of the control pulses and thereby

decide the status of the two memories (which is why the two of them together have termed as
status registers). In fact, they give a clear indication of which memory is in read cycle and

which is in the write cycle.

" The RD/WR and RAM-OE signals should be pulses of duration less than the clock
given to the counter to, prevent data being duplicated or overwritten in the memories.
Different conditions resulting from different values of WE| and WE, are discussed below

briefly:

e WE; = 0and WE; = 1 With WE; = 0 AND; is disabled and AND; is enabled.

The output of the XOR; will be same as the puise given to AND1 (since WE=0).
The output of the XOR; will be continuously high (WE; = 1).

o WE; =1 and WE> = 0: With WE; = 1 AND is enabled and AND; is disabled.

The output of XOR; will be pulsating and output of XOR, will be in high state

continuously.

The RD/WR| and RD/WRj signal are also used to control the output of SRAM; and

SRAM;.

The logic discussed above has been programmed into EPM 7128LC84. The details of
which are provided in the Appendix D. The final schematic of the BDR is also included in the

following page.
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Analog clock Generators:

There are three signals that the digital control circuits have to provide the analog part
of the circuit with, namely:
e ADC clocking
e Analog MUX selection

e Sampling clock for sample and hold circuits

The ADC clock frequency is same as the memory address clock frequency. It is

directly provided by the clock controller.

The Analog MUX selection bits are generated by a 3‘ bit synchronous counter, which is
clocked by ADC clock. Since this MUX has to switch between the selected number of
channels, the counter has been made programmable. As earlier the PC, during the time of
initializing the BDR card programs this counter also. The sampling clock is the signal given to
the sample and hold circuits for putting them iﬁto the hold state. It is generated z:t the of

(1/N¢) times the ADC clocking frequency, where N¢ is the number of channels input.

The circuit diagram of the analog clock control circuit 1s shown in fig(3.12).
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MEMORY BANK:

The memory bank consists of two HY62C256/L ICs which are 32,768 word by 8-bit
CMOS Static RAMs, of which only 8k have been put to use. The HY62C256/L has a typical
access time of 100ns. The need for two such devices has been explicitly explained in previous

chapters. Further details about HY62C256/L can be found in Appendix D.
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4.1 TESTING OF DIGITAL CONTROL LOGIC

First the logic of the control system implemented using EPLD are tested. This is done by
entering the required logic in to the graphic editor file of MAX + PLUS-2 (details of MAX
+PLUS II are in Appendix C and then simulating its functioning. Two levels of simulation are

done:

Software Simulation: It is done before programming the logic into the EPLD. The desired

inputs to the EPLD are entered into a simulator file as waveforms. The logic simulator on
MAX + PLUS-2 is then used to run a simulation of this file. The simulated outputs are

‘observed in the simulator file. It is found to be in agreement with the desired results.

Hardware Simulation: The logic discussed earlier in chapter 3 is fused into a EPLD (EPM

7128) by the programmer of MAX + PLUS-2. For this the EPLD is placed in the MAX +
PLUS-2 programming module. The programmed EPLD is now used to perform hardware
simulation, i.e., the input signals (entered in simulator file) are generated from the PC and sent
to the EPLD (placed in the adapter module). The EPLD outputs are monitored and this

outputs are found to match with software output.
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Testing Details:

The buffered data router being developed is a prototyrpe board. It is therefore first
implemented on general purpose PCB. This would help us make modifications, if necessary, in
ca‘se of bugs found in the circuit, which would be a trouble-some process with a custom made
PCB.

Due to the non-availability of the required analog components at the right time, the
Analog conditioning and digitizer circuit could not be implemented. So it was decided that the

BDR and its associated control logic must be tested independent of these analog components.

This can be achieved by a digital circuit that would simulate the output of the ADC. The
output of such a digital circuit should preferably sequential and synchronous with the memory
address clock. This will allow us to predict the output of the data router card effectively.

&
The digital circuit involved is a simple 3 bit counter. This 3 bit counter, called the test

counter, is clocked at the same rate as the address generators (with necessary compensation for

ADC pipe line delay).

Since the DSC itself is PC based, it is only apt that this project, the buffered data router
is alsQ PC based. The PC is used to initialize the Buffered Data Router (BDR), during which
the number of channels and number of points the user specifies are loaded into the card. The
interface between the PC and the BDRV CARD is a 48 line I/O port (a 8255 based card,

containing two 8255A chips). The card details can be obtained in Appendix D.
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The 48 lines of the 8255 card have been split into two groups (1) 24 lines for input (2)

24 line for output. Out the 24 output lines 16 have been used: 11 for loading number of
points, 4 for loading number of chénnels, one line for sending the enable pulse at the time of
initialization.

- Initializing the BDR and configuring the ports of I/O card .is accomplished by a

program written in C language, The program source code is given in the following page.

The program itself is userv"?f:fieij;d'lyrahdf"iqthe:raétiyé‘;j The tasks ibf‘iﬁvitialization‘, acquisition

and browsing of acquired dat&}havié b‘een‘ma,;gievvery siﬁdp“le‘ wit-h'§él}f?..\éxp"lé‘natory menus.

Incidentally, a second 8 bit bus from the BDR sends the output data from the data

router to the PC via the input port of the 8255 O: card

With write address being i’ncremente;c.lv- byi'1702';1 at every clock pulse (while the test
counter is incremented by 1), av,élif;ifErent hu;nb'er_is wrjttenviﬁnto @@ICh“l kB block of the 8 kB
memory. The numbers stored adjacent mem(;ry block will ther;:fore differ by one. The data
stored in memories} are read out sequentially. Thereby reading all the number stored in a 1k
block before going over to the next (1k block). The output sequence can now predicted. Each
number is number will be repeated Np number of times. The block diagram of the test circuitry

1s shown in fig(4.1).

The PC clock and clock given BDR being different will not be synchronous. So the

data output from BDR, may not be synchronized with the inport instruction executed by the
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include <stdio.h>
include <conio.h>
include <dos.h>

include <time.h>-

SRR RS

define TRUE _ 1
define FALSE O

# R

static int arr(8192]1,.tlag=1l,1tlag=FALSE,pJjunk=0,col, temp;
unsigned int polntsz1025, temp_points,chanls=z9;
unsigned int byte_1=0x00ff,byte_2z0x000f;

void main()
{
clrscr();
accept_pts_chnls();
load_card(); ’
acquire_data();
save_Tile();

[ Ko m e accept_pts_chnls() --------------mmmmo- ==
accept_pts_chnls(veid) ' :

1flag = FALSE;
pOIiNts=1025;
chanls=z9;
byte_ 1z0x00f*f;
byte_2z0x000t ;

while (points'< O 1l points > 1024)
- { '

gotoxy(21,11);
printf("Enter the no. of points [Max-1024] : "):
scant("%4d"” ,&points); o
h

temp_points=points;

~while (chanls < 0 !! chanls > 8)
{ A

' gotoxy(25,11); ‘ ,

printf{"Enter no. of chanls [Max-8] : "):

scanf(f%ld",&chanls);

}



byte_l=byte_1 & points;
byte_2=byte_2 & chanls;
byte Z-byte 2 << &;
pointszpoints >> 8;
byte Z=byte_2 '| points:

1flag = TRUE;
return;

—————————————— END OF FUNCTION ACCEPT_PTS_CHNLS -—=--=====--x/

m e LOAD CARD() =—=—=mm=m—mmmmee et 7

load_card(void)

{

/¥

port addresses

PORT A -- OX600
PORT B -- Ox601
PORT C -» OX602

CONTROL PORT Ox603

outportb(Ox603,0x80); /* configure all the

ports of 8255 as outputs */
delay(1); : ’
outportb(Ox602,0x00); /% initially make EN low X/
delay(1l): ' :

outportb(Ox600,byte_1); /X output npint and nchnl
" to the card. x/

delay(1l): '

/*¥ PA7 PA6 PAS PA4 PA3 PAZ2 PAL  PAO X/

outportb(0Ox601,byte_2); /* 7 6 & -4 3 2 1  NPINTO %/

delay(1l); ' '

/X PB7 PB6 PBS PB4 PB3 PB2 PB1 PBO x/
/x 3 2 1 CHNLO 10 9 NPINT8 x/
outportb{(Ox602,0xff); /* now make EN high x/
delay(1); » '
return;



J K mm ACQUIRE DATA() —===m=m—mmmm oo x/
acquire_data(void) :
{ -

int s;

outportb(Ox607,0x9b);

gotoxy(9,18);

textcolor(YELLOW);
gotoxy(10,20);

outportb(Ox602,0x00); /* make EN low X/
delay(l); ' :
for(s=0;s<B192;s++)
{ , .
while(inportb(Ox606)=z0);
arr(s]=zinportb({0x604);
1F(s8%130==0)

cprintf("%c",219);
while(inportb{(Ox606)1=0);

return;
F e e END OF FUNCTION ACQUIREDATA -—=-—===-w- x/

/K —mmm———m———— YDF @ Saves data acuired from memory ----—-———=- *f
save_Tfile(void) ’

{

auto int h;

FILE *fptr; :

fptr = fopen('sample.dat”,"w");

cprintt (" Downloading data from SYSTEM RAM "y

gotoxy(19,14); : :

cprintf(" to a new file SAMPLE.DAT . "3

gotoxy(19,15); ‘

cprintf (" » Please walt...... : "
. for(h=0;h<=8191;h++) '

{

fprintf(fptr,"%d ",arr{h]);
if((h+1)%temp_points==z0) fputc(’\n’,fptr);
)

fclose(fptr);

return;
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PC. This leads to the same data being read twice or it being completely lost. To overcome this
problem, the synchronization circuit is used period. The output enable signal of the two
SRAMs has been used to generate a Data Ready Signal (DRS) as shown in fig(4.2). This
would inform the PC when fresh data has been put on the data bus. Care has also been to
taken to prevent acquisition of data during the very first write cycle when the content of the
one of the memory chips is invalid. The program will polling for this data ready signal and
acquires a data point, at every DRS. This forms the necessary hand shake signal between the

BDR and the host CPU or the DSC.

This data 1s stored in the memory of the PC, which can be.down loaded into a file, in
ASCII format, if the user so wishes. This allows for storing away the acquired data in the hard

disk for later use. Since the data 1s stored in ASCII format any text editor can be used to view

the contents of the file.

The Buffered Data Router was tested extensively in the afore said method. The card

performed according to the specifications.
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CONCLUSION

The Multi channel digitizer card combined with the Buffered Data Router is a
versatile tool in the field of data acquisition systems. It has ability to be programmed

through a IBM 80x86 PC, with the help of menu driven program.

The most important feature of the Buffered Data Router, is that it can effectively
convert a single DSC into a multi-channel one, without affecting the speed of the DSC. It

can assist in General Spectral Analysis apart from using it for studying CRRLs.

The Analog Multiplexer forms a bottleneck in the entire system, with its high
settling time. This again can be remedied easily, because this circuit has also been
implemented on a separate PCB.

A very high speed ADC has been included into the circuit, on a separate PCB.
The speed of the ADC 1s sufficing for all practical purposes. But in the future, if the
need be, the ADC can be replace with a faster one, on availability of such a device.It can
also be function as a laboratory spectrum analyzer.

Other than that the system can perform as a multi-channel data acquisition
system. A data ready signal incorporated into the system can be used for synchronizing

the board with the next stage.
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GEETEE

The Gauribidanur Radio Telescope is of the ARRAY type operating at 34.5 MHz ceﬁter
frequency with a bandwidth of 2 MHz. It is essentially a meridian transit instrument. The
telescope consists of 1,000 broad band dipoles arranged in the form of the letter "T". The
outputs of four dipoles along East West (EW) direction are combined in a Christmas tree

fashion using open wire (balanced) transmission lines, and transformers to form a "basic array

element."

Such basic array elements, numbering two hundred and fifty are arranged to form a 1.38
km long EW array along the East West direction. Similarly ninefy basic array elements are
arranged to form a 0.45 km long south array aloﬁg the south direction from the center of the
EW array. The signals from the basic array units are brought to the laboratory through open

wire transmission lines. East West array has an effective collecting area of approximately

12,000 m2. while that of the North South array is approximately 7,000 m2.

The receiver permits observation of a 150 patch of sky (in the N-S direction) with 46

beams. The resolution is 26 X 40 sec ZA (ZA is the zenith angle). The sensitivity is around

20 Jansky.

Dept. of E & C Engineering, R.V.C.E. Bangalore
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Uni it
8% RADIO RECOMBINATION LINES [CRRLs]

Fe)

=3

CAl

These lines involve highly excited states, presumably of carbon , during the transient
recombination of a carbon ion with an electron. These lines(representing the highest excited
states yet detected in interstellar gas) should be valuable indicators of conditions in the
interstellar medium. Assuming carbon as the element involved, the presumed scenario is that a
singly ionized carbon ion (C*) recombines briefly with an electron. The resulting neutral , but
highly excited states accompanied by emission or absorption. The higher the excitation, the
more numerous and closely spaced the lines become so that the energies of transition (@) and

the resulting frequencies(v)are less with many falling below 100 MHz.

The twelve CRRLs are listed below;

Sl. no. Orbital Quantum Number 'n' Frequency in MHz
1 570 35.43389892
2 571 ) _ 35.24821929
3 572 35.06383_472
4 573 34.88073395
L] 574 34.69890580
6 575 34.51458867
7 576 34.33476567
8 877 34.16094739
9 578 33.98410055
10 579 33.63405521
11 580 33.63405215
12 581 34.47971491
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The above frequencies were calculated using the below formula;

F = 3.2896919 x 109 [1/n2 - 1/(n+1)2] MHz

where 'n' is the orbital quantum number.

Dept. of E & C Engineering, R.V.C.E. Bangalore
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MAX + PLUS AND EPLD

MAX+PLUS - the MAX programmable logic user system from Altera Corporation is a
"fully integrated package for developing and implementing custom logic circuits with Altera's
Multiple Array Matrix (MAX) family of high density Erasable Programmable Logic Devices
(EPLDs)". The MAX+PLUS software offers different ways to enter the circuit design,
compiles and fits the design to use MAX architecture in the most efficient way possible, and
generates a file for programming the EPLD. One can also simulate the logic and timing
characteristics of the design. The MAX + PLUS hardware consists of a software controlled

Logic Programming Unit used for device programming.

Programmable logic devices (known by various names such as PAL, PLA, PLD, EPLD
etc.) combine the logistical advantages of standard, fixed integrated circuits with the
architectural flexibility of custom devices. They allow to electrically program standard, off the
shelf logic elements to meet the specific needs of their applications. This eliminates various
problems due to use of individual ICs in a circuit and reduces the overall cost and the time for
the design.

The fundamental building block of an EPLD is the "macrocell". Each
macrocell consists of three parts.
(1) The logic array that implements all combinatorial logic functions.
(2) The programmable register that provides D, T, JK or SR flip-flops.
(3) Programmable I/O that allows each 1/0 pin to be configured as input, output, or

bi-directional operation.

Dept. of E & C Engineering, R.V.C.E. Bangalore
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The logic array consists of a programmable AND/fixed-OR PLA array. Inputs to the

AND array come from the true and complement of the dedicated input and clock pins, and
from the macrocell and /O feedback paths. The connections between them are opened during

the programming process.

Programmable flip-flop are used to create a variety of logic functions that use a
minimum of EPLD resources. If the flip flop is not required for macrocell logic, it may simply
be bypassed. In general purpose EPLDs each flip flop may be clocked from a dedicated system
clock, any input or I/O pin or any internal logic function. EPLD registers are positive edge
triggered with data transitions that occur on the positive edge of the clock. In addition, gated

clock and clock enable logic can be implemented but their delay time is larger.

The EPLD I/O control block contains a tri-state buffer controlled by a ,macrocell
product term and drives the /O pin. 1/O pins may be configured as dedicated outputs, bi-

directional outputs, or as additional dedicated inputs.

The EPLDs have been,built using the " CMOS EPROM " technology. The density of

the chips range from hundreds to thousands of gates, offered in variety of packages with 20 to

100 pins.

EPLD families are divided into two architectural categories. The first one is the general
purpose group which provide maximum flexibility for general purpose logic replacement. The

EP series and EPMS000 series come under this group. The second group are the function

Dept. of E & C Engineering, R.V.C.E. Bangalore



B.E. (E&C) Final Year Project 1994-95
Bangalore University

specific EPLDs specialized .for performing specific system design tasks. The EPB and EPS

series constitutes this group.

EPLDs are offered in a variety of packages including the dual in-line package ( DIP ),
J-lead chip carrier ( JLCC ), Quad Flat Pack ( QFP ), Pin Grip Array ( PGA ) etc. EPLDs
which are re-programmable are provided with windows are made of ceramic whereas , for high

volume production one-time programmable plastic versions are available.

As already explained, the MAX+PLUS software is used for programming the chips.

Dept. of E & C Engineering, R.V.C.E. Bangalore
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FEATURES

34MHz Fuil Power Bandwidth

+ 0.1dB Gain Flatness to 8MHz
75dB Crosstalk Rejection @ 10MHz
0.05°/0.05% Differential Phase/Gain
Cascadabie for Switch Matrices

APPLICATIONS
Video Routing
Medical imaging
Electro-Optics
ECM Systems
Radar Systems
Data Acquisition

GENERAL DESCRIPTION
The AD9300 is 2 monolithic high-speed video signal multiplexer
useable in a wide variety of applications.

Its four channels of video input signals can be randomly switched
at megahertz rates to the single output. In addition, multiple
devices can be configured in either parallel or cascade arrangements
to form switch matrices. This flexibility in using the AD9300 is
possible because.the output of the device is in a high-impedance
state when the chip is not enabled; when the chip is enabled,
the unit acts as a buffer with a High input impedance and low
output impedance.

An advanced bipolar process provides fast, wideband switching
capabilities while maintaining crosstalk rejection of 75dB at
10MHz. Full power bandwidth is a minimum 30MHz. The
device can be operated from * 10V to * 15V power supplies.
The AD9300KQ 1s packaged in a 16-pin ceramic DIP and is
designed to operate over the commercial temperature range of
0°C 10 +70°C. For military temperatures of —55°C to + 125°C,
order part number AD9300TQ, which is also a 16-pin ceramic
DIP. In additdon to DIP packages, the AD9300 is also available

4 X | wiaepana

' AD9300

T .
3 »_[>M,/HQ? o
T
1
ot

(%) {13)-

O— O

~Vs GROUND +Vs BYPASS
' RETURN

% 0.1uF
AD3300 Functional Block Diagram

in & 20-pin LCC as the model AD9300TE, which operates over (Based on Cerdip)
a temperature range of —55°C to +125°C.
“ ORDERING INFORMATION
Temperature

Device Range Description

AD9300KQ | Oto +70°C 16-Pin Cerdip, Commercial

AD9300TQ -55°Cto +125°C | 16-PinCerdip, Military Temperature

AD9300TE 1T 55°Cto +125°C i 20-Pir1.CC, Military Temperature

Information furnished by Analog Devices is believed to be accurate
and reliable. However, no responsibility is assumed by Analog Devices
for its use; nor for any infringements of patents or other rights of third
parties which may result from its use. No license is grantec by implica-
tion or otherwise under any patent or patent rights of Analog Devicos.

One Tochnology Way; P. O. Box 9108; Norwood, MA 02062-9106 U.S A.
Tat:617/329-4700 Twx: 710/394-6577
Telox: 324491 Cables: ANALOG NORWOODMASS



SPECIFICATIONS

ABSOLUTE MAXIMUM RATlNGS‘

Supply Voltages (=Vs) . . . . . . . . ... ... ... * 16V
Analog Input Voltage Each Input . . . . . . . . . . .. +3.5V
(IN, thruINy) '
Differential Voltage Between Any Two
Inputs (INythru INg) . . . 0 o 0 00 00 0000000 SV
Digital Input Voltages (Ag, A}, ENABLE) -0.5V 0o +5.5V

QOutput Current
Sinking
Sourcing

Operating Temperature Range
AD9300KQ
AD9300TQ/TE

Storage Temperature Range

Juncuon Temperature

Lead Soldering (10sec)

-55°C to
—65°C 10

ELECTRICAL CHARACTERlSTICS (Vg = = 12V 5% §, =10pF; R, = 2K, unless otherwise noted)

COMMERCIAL MILITARY
Oto +70°C i -55°Cto +125°C
Test AD9300KQ Military ADY300TQ/TE
Parameter (Conditions) Temp Level | Min | Typ | Max Subgroup® | Min L'Typ l Max | Units
INPUT CHARACTERISTICS ! | i
Input Offset Voliage ' +25°C | 1 3 10 i 3 "10 mV
Input Offset Voliage Full A2 14 2,3 f18 mV
Input Offset Voltage Drift} | Full v 75 83 . nVPC
Input Bias Current +25°C | 1 15 37 11 . (15 ¢ 37 nA
Input Bias Current Full VI 55 2,3 i 155 L pA
Input Resistance +25°C | V 3.0 ) 3.0 C MO
Input Capacitance +25°C | V 2 2 i | pF’
Input Noise Voltage (dc to 8MHz) +25°C 1 V l 16 16 ! ! wV rms
TRANSFER CHARACTERISTICS ‘ | |
Voltage Gain® +25°C | 1 0.990 | 0.994 1 0.990 | 0.994 , LV
Voltage Gain* Fuli A% 0.985 2,3 0.985 VIV
DC Lincarity® v25°Cc |V 0.01 0.01 | Lo,
Gain Tolerance (Vi ¢+ = 1V) ! ! i
dcto SMHz j+25°C 1 , toos fo1 |4 005 0.1 !dB
SMHz 10 8MHz "r25°C | 1 ; P01 r03 !4 01 03 1dB
Small-Signal Bandwidth L +25°C ;v 4 . 350 {350 { MHz'
(Vin - 100mV p-p) ; o : | : : ‘ :
Full Power Bandwidth® #25°C 1 )30 T | 4 [ 30 | 4, MHz
(Vin - 2Vp-p’ P : E ’ ! ! i
Output Swing S Full VI =2 ‘ 1,2,3 [ =2 Y
Output Current (Sinking @@ 25°C) +25°C 1 V t5 ! [ is f mA’
Output Resistance +25°C | 111 L9 s 12 ! j9 115 1o
DYNAMIC CHARACTERISTICS : : o ; ! -
Slew Rate’ +25°C | 1 190 ! 215 ‘ 4 [ 190 215 | Vius
Settling Time i i : ! i
(100.1% on = 2V Output) +25°C | I f 70 1100 | 12 i 70 {100 |ns
Overshoot | ; I ! 1 :
To T-Step® Lr2sC LV fon ! ; <01 %
ToPulse’ l+25°C | V <10 i <10 - [ %
Differential Phase'" P +25°C | I , 0.05 0.1 12 0.05 : 01
Differential Gain' P25°C T 0.05 0.1 |12 [ 0.05 0.1 %
Crosstatk Rejection i X ‘ ! : : . V
Three Channels'! +25°C |1 170 i 75 i 4 70 |75 | dB
One Channel'? +25°C | 1 80 183 4 80 183 | dB
SWITCHING CHARACTERISTICS , j 1 5
Ax Input to Channel HIGH Time " +25°C |1 40 10 9 40 50 ns
(tHigH) | ' ]
Ax Input toChannel LOW Time'* $25°C |1 P3s |4 o 135 |45 s
(tLow) ; I ! ! { :
Enable to Channel ON Time'® +25°C | 1 30 ‘ 40 9 ! } 0 40 ' ns
(ton) i l ‘ ; !
Enable to Channel OFF Time'’ +25°C | 1 i : 20 |30 HE ! 20 l 30 ns
(Lorr) - ) ) : | o [ | ;
Switching transicnt*® V250G |V i Yoo ! oo mV
. 1 I S DU S & ,i - __L‘ § D

0°C 1o +70°C

+125°C
+150°C
+175°C
+300°C



COMMERCIAL MILITARY

Oto +76°C —-55°Cto +125°C
AD9300KQ . ! AD9300TQ/TE
; | Test | Military | 5
Pmmeter (Condmons) : Te,np i Level | Min Typ | Max | Subgroup? Min ;| Typ ‘ Max | Units
DIGITAL INPUTS ! : ' ' !
Logic"1” Voltage Lrar v 02 , 1,23 2 v
Logic ‘0" Voltage : © Full i VI N 108 1,2,3 0.8 A%
Logic **1"” Current ©Full VI 5 01,23 5 nA
Logic*“0” Current . U Full VI P23 . 1 nA
POWER SUPPLY ; i : L T —
Positive Supply Current (+ 12V) ! +25°C | 1 13 16 1 13 16 mA
Positive Supply Current ( + 12V) i Full Vi 13 16 2,3 ’ 13 1 16 mA
Negative Supply Current (- 12V) T +25°C | I 125 | 15 1 i 12.5 ’ 15 l mA
Negative Supply Current ( —- 12V) ’ Full VI 125 | 16 2,3 _ i 12.5 ’ 16 | mA
Power Supply Rejection Ratio Full A%t 67 75 4 L2,3 67 75 dB
(Vs = =12V = 5%) ! o
Power Dissipation ( = 12V)!® | +25C { v 306 ; ' 306 mW

NOTES

'Permanent damage may occur if any one absolute maximum rating is exceeded. Functional operation is not implied,
and device reliability may be impaired by exposure to higher-than-recommended vollages for extended periods of time.
ZMilitary Subgroups apply to military-qualified devices only.
*Measured at extremes of temperature range.
*Measured as slope of Vi, versus Viy with Vyy - + 1V,
SMeasured as worst deviation from end-point fit with Vi - = 1V.
®Full Power Bandwith (FPBW) based on Slew Rate (SR). FPBW - SR‘/ZWVPMK
"Measured berween 20% and 80% transition points of + 1V output.
8T-Step - Sin’X Step, when Step between OV and +700mV points has 10%-t0-90% risetime = 125ns.
°Measured with a pulse input having slew rate >250V/ps.
"®Mcasured at ourput berween 0.28Vdc and 1.0Vdc with Vi - 284mV p-p at 3.58MHz and 4.43MHz.
"'This specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and 10MHz 2V.p-p signal
applied to remaining three channels. If selected channel is grounded through 751, value is approximately 6dB higher.
"2This specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and 10MHz 2V p-p signal
applied 1o one other channel. If selected channel is grounded’ through 75¢), value 1s approximately 6dB higher.
“Consuh system timing diagram.
“Measured from address change to 90% point of -2V to + 2V output "LOW-10-HIGH transition.
"Measured from address change to 10% point of .+ 2V 1o - 2V output HIGH-t0-LOW transition.
'"*Measured from 50% transition point of ENABLE input to 9% transition of 0V to — 2V output.
17Mcasurtd from 50% transition point of ENABLE input to 10% transition of + 2V to 0V outpur.
"¥*Measured while switching -between two grounded channels.
l"Ma.xlmum power dissipation is a paukagc—dcpcndem parameter related to the foHowmg typical thermal impedances:
16-Pin Ceramic By o 8T°C/W; by -~ 25°C/W
20-Pin LCC . 8ja.  74°C/W; by 10°C/W

Specifications subject to change without notice.

EXPLANATION OF TEST LEVELS

Test Level 1 - 100% production tested.
’ ' Test Level I1 - 100% production tested at + 25°C, and samplclcstcd at specmed lemperatures.
; Test Levellll - Sample tested only. .
- TestLevellV - Parameteris guaranteed by desxgn and characu:nzauon testing.
! TestLevel V - Parameteris atypical value only.
© TestLevel VI ~  Alldevicesare 100% production [cslcd at + 25°C. 100% production tested at tcmpcramrc extremes for

military temperature devices; samplc tested attemperature extremes for commercial/industrial

| - devices.

r EXPLANATION OF GROUP A MILITARY SUBGROUPS

j Subgroup 1 ~ Statictestsat +25°C.

’ ) (5% PDA calculated against Subgroup 1 for high-rel vcrsxons)
Subgroup 2 — Static tests at maximum rated temperature.
Subgroup 3 - Static tests at minimum rated temperature.
Subgroup 4 - Dynamicestsat + 25°C.
Subgroup § -~ Dynamic tests at maximum rated temperature. |
Subgroup 6 - Dynamic tests at minimum rated temperature. ;
Subgroup 7 - Funcuonaltestsat + 25°C. )
Subgroup § ~ Functional tests at maximum and minimum rated temperatures. |
Subgroup 9 ~  Switching testsat + 25°C. i
Subgroup 10 - Switching tests at maximum rated temperature. .
Subgroup 11 - Switching tests at minimum rated temperature. ;
Subgroup 12 - Periodically sample tested. :

. . 1
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AD9300 BURN-IN DIAGRAM
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MECHANICAL INFORMATION

Die Dimensions
Pad Dimensions

A

Vs B
A

84 x 104 < 18 (max) mils
4> 4 (min) mils

Mezralization . . . Aluminum
Backing . . . . .. None
Substrate Potenuial . . . . ... L. -V
Passivation . . . . . .. L. Oxynitride
Die Avtach . . . . .. Gold Eutectic
Bond Wire I. 25 mil, /\lummum Ultrasonic Bonding

or | mil, Gold; Gold Ball Bonding

~20V:8, = +2.0V
Dy = Dy = +24V: D, = OV

OPTION #2 (DYNAMIC) SEE WAVEFORMS

18 +Vyg

17 GROUND RETURN

1% GROUND
15 ENABLE

1A

20V

—_——t24aV

+0.4v

———4+24V

+ 0.4V

+0.4v

SUGGESTED LAYOUT OF AD9300 PCBOARD

(Bottom View— Not to Scale)
Component Side Should be Ground Plane

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

16-Pin Cerdip (Q) Package

A—IE (l::m;;z7}:;~m ﬁ ﬁq r— 0.080{2.032) MAX

0.310(7.874)
0.220(5.588)

. |
AR AN AeAT

0.060 {1.524)
0.015(.381)
0.200(5.08)
MAX
0.200 (5.08) 0.150(3.810)
0.125(3.175) MiIN
0.065(1.651} 0.110 {2,794}
0.033{.965) 0.023 {0.584) 0.090 (2.296)
0.014(.355)
0.320(8.128)
0.290{7.366)
0015(0.383) R
0.008(0.203)
L
. o
NOTES:

LEAD NO. 1 IDENTIFED BY DOT OR NOTCH;
LEADS ARE SOLDER-DIPPED OR TIN-PLATED KOVAR DR ALLOY 42.

20-Pin LCC (E) Package

0.062 £0.018
(2.088 0.458)
ol l"_ 0.350 x0.008 . ﬂ":: *“:_;
r—- —«' 02x
. (8.39 +0.20) REF 3 PLOS
0.025 10.063

T {0.638 +0.078)

-t
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FUNCTIONAL DESCRIPTION

LOGICTRUTH TABLE
IN;-INg Four analog input channels.
GROUND Analog input shielding grounds, not internally connected. Connect each to ENABLE |A, Ao OUTPUT
external low-impedance ground as close to device as possible. ! 0 X | x " Hich 2
Ag One of two TTL decode control lines required for channel selection. See ' gk
Logic Truth Table. 1 0 0 IN,
Ay One of two TTL decode control lines required for channel selection. See 1 0 1 IN,
Logic Truth Table.- : 1 I 0 IN
ENABLE TTL-compatible chip cnable. In enabled mode (logic HIGH), output signal 3
tracks selected input channel; in disabled mode (logic LOW), output s high 1 1 ! INg
impedance and no signal appears at output.
-Vs Negauve supply voltage; nominally — 10V dcto — 15V dc.
+Vg Positive supply voltage; nominally + 10V dcto + 15V de.
OUTPUT - Analogoutput. Tracks selected input channel when enabled.
BYPASS Bypass terminal for internal bias line; must be decoupled externally
to ground through 0.1uF capacitor.
GROUND  Analog signal and power supply ground return.
RETURN
HIGH
ENABLE j\s"% /50%
LOw
A '50% \ HIGH
1
4—'/ Low
' HIGH
Ao _ f 50% \ :
R B _— : LOw
90% 90% 10% 90%
IN, IN, .
+2V
OUTPUT 4y, IN, IN, GND
_’1 e —] 2V
LG . tiow torr ton
IN, =’ IN, = -2VOLTS
IN, =IN; = +2VOLTS

AD9300 Timing

THEORY OF OPERATION
Refer to the functional block diagram of the AD9300.

As shown on the drav&ing,' this diagram is based on the pinouts
of the DIP packaging of the models AD9300KQ and AD9300TQ.
The AD9300TE is packaged in a 20-pin leadless chip carrier
(LCC), but the c.x[raipins are used for ground connections; the
theory of operation remains the same.

The AD9300 Video Multiplexer allows the user to connect any
one of four analog input channels (IN, — INy) to the output of
the device, and 1o switch between channels at megahertz rates.

The input channel which is connected to the output is determined
by a 2-bit TTL digital code applied to Ag and A,. The selected
input will not appear at the output unless a digital *“1” is-also
applied to the ENABLE input pin; unless the output is enabled.
it is a high impedance. Necessary combinations to accomplish
channel selection are shown in the Logic Truth Table.

Bipolar construction used in the AD9300 insures that the input
impedance of the device remains high, and will not vary with

power supply voltages: This characteristic makes the AD9300,
in effect, a switchable-input butfer. An on-board bias network
makes the performance of the AD9300 independent of applied

supply voltages, which can have any nominal value from * 10V

deto £ 15V de.

Although the primary application for the AD9300 is the routing
of video signals, the harmonic and dynamic attributes of the
device make it appropriate for other applications. The AD9300
has exceptional performance when switching video signals, but
can also be used for switching other analog signals 'rcquiring '
greater dynamic range and/or precision than those in video.

As shown in Fgure 1, Input and Ourtput Equivalent Circuits,
each analog input is connected to the base of a bipolar transistor.
If Channel 1 is selected, a current switch is closed and routes
current through the input transistor for Channel 1.

If Channel 2 is then selected by the digital inputs, the current
switch for Channel 1 is opened and the current switch for Channel
2 1s closed. This causes current to be routed away from the
Channel 1 rransistor and into the Channel 2 input transistor.
Whenever a channel’s input device is carrying current, the
analog input applied to that channel is passed to the output
stage. _

The operation of the output stage is similar to that of the input
stages. Whenever the output stage is enabled with a HIGH
digital **'1” signal at the ENABLE pin, the output transistor wil}
carry current and pass the selected analog input.



CMANNEL
SELECTION
(AL AND A,)

Vs
INPUT
+Vg
+Vg
OUTPUT
Dy BIAS
!
-V
DIGITAL

OUTPUT

Figure 1. Inputand Outpu? Equivalent Circuits

When the output stage is disabled (by virtue of the ENABLE
pin being driven LOW with a digital ©*0™"), the output current
switch is opened. This routes the current to other circuits within
the AD9300 which keep the output transistor biased “off”,
These circuits require approximately 1pA of bias current from
the load connected to the output of the muluplexer. In the
-absence of a terminaung load and the resulting dc bias, the
output of the AD9300 *“‘floats™ at - 2.5V.

In summary, when the AD9300 is enabled by the ENABLE pin
being driven HIGH with a digital **1”’, the selected analog input
channel acts as a buffer for the input; and the output of the
multiplexer is a low impedance. When the AD9300 1s disabled
with a digital “0” LOW signal, the selected channel acts as an
open switch for the input; and the output of the unit becomes a
high impedance. This characteristic allows the user to wire-or
several AD9300 Analog Multiplexers together to form switch
matrices.

AD9300 APPLICATIONS .

To ensurc optimum performance from circuits using the AD9300,
it is important to follow a few basic rules which apply 10 all
high-speed devices. :

A large, low-impedance ground plane under the AD9300 is
critical. Generally, GROUND and GROUND RETURN con-
nections should be connected solidly to this plane. GROUND
pin conncections are signal isolation grounds which are not con-
nected internally; they can be left unconnected, but there may
be some degradation in crosstalk rejection. GROUND RETURN,
on the other hand, serves as the internal ground reference for
the AD9300 and should be connected to the ground plane without
excepiion.

It is recommended that the AD9300 be soldered directly into
circuit boards, rather than using socket assemblies. If sockets
must be used, individual pin sockets are the preferred choice,
rather than a socket assembly. A second requirement for proper
high-speed design involves decoupling the power supply and
internal bias supply lines from ground to improve noise immunity.
Chip capacitors are recommended for connecting 0.1 F and

- 0.01pF capacitors between ground and the = Vg supplics’

(Pins 9 and 14), and the BYPASS connection (Pin 15).

The output stage of the unit is capable of driving a 2k{}.10pF
load. Larger capacative loads may limit full power bandwidth
and increase 1oy (the interval between the 50% point of the
ENABLE high-to-low transition and the instant the output
becomes a high impedance.)

For applications such as driving cables (See Figure 2), output
buffers are recommended.

aNALoG | {
INPUTS |

75401

{CERDIP PINOUTS}

Figure 2. 4x 1 ADS300 Multiplexer with Buffered Output
Driving 7502 Coaxial Cable
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Ultrahigh Speed
Monohthlc Track and Hold

FEATURES

Excellent Hold Mode Distortion
—88 dB @ 30 MSPS (2.3 MHz V,,))
-83 dB @ 30 MSPS (12.1 MHz V) .
—74 dB @ 30 MSPS (19.7 MHz V)

18 ns Acquisition Time to 0.01%

<1 ps Aperture Jitter

250 MiHz Tracking Bandwidth

83 dB Feedthrough Rejection @ 20 MHz

3.3 nV/VVHz Spectral Noise Density

~ APPLICATIONS

A/D Conversion
) Direct IF Sampling

Imaging/FLIR Systems
Peak Detectors
Radar/EW/ECM

" Spectrum Analysis
CCD ATE

GENERAL DESCRIPTION

The AD9100 is a monolithic track-and-hold amplifier which sets
a new standard for high speed and high dynamic range applica-
tions. It is fabricated in a marure high speed complementary
bipolar process. In addition to innovative design topologies, a
custom package is utilized to minimize parasitics and optimize
dynamic performance.

Acquisition time (hold to track) is 13 ns to 0.1% accuracy, and
16 ns to 0.01%. The AD9100 boasts superlative hold-mode fre-
quency domain performance; when sampling at 30 MSPS hold
mode distortion is less than —83 dBfs for analog frequencies up
to 12 MHz; and -74 dBfs at 20 MHz. The AD9100 can also
drive capacitive loads up to 100 pF with little degradation in
acquisition time; it is therefore well suited to drive 8- and 10-bit
flash converters at clock speeds to. 50 MSPS. With a spectral
noise density of 3.3 nV/\/Hz and feedthrough rejection of 83 dB
at 20 MHz, the AD9100 is well suited to enhance the dynamic
range of many 8- to 16-bit systems.

*Patent pending.

Intormation furmished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use; nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

K CiK
500 SWITCH
Yin (S-NW*D-
223V
CLAMP

AD9100

The AD9100 is “user fncndly” and easy to apply: (1) it requires
+5 V/—=5.2 V power supplies; (2) the hold capacitor and switch
power supply decoupling capacitors ar€ built into the DIP
package; (3) the encode clock is differential ECL 10 minimize
clock jitter; (4) the input resistance is-typically 800 kQ); (5) the
analog input is internally clamped to prevent damage from volt-
age transients.

The AD9100 is available in a 20-lead side-brazed “skinny DIP” (
package. Commercial, industrial, and military temperature grade
parts are available. Consult the factory for information about the
availability of surface mount packages and 883-qualified devices.

PRODUCT HIGHLIGHTS
1. Hold Mode Distortion is guaranteed.

2. Monolithic construction.

3. Analog input is mternally clamped to protect against over-
voltage transients and ensure fast recovery.

4. Output is short circuit protected.
5. Dnives capacitive loads to 100 pF.
6. Diffgrential ECL clock inputs.

One Technology Way. P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: $17/329-4700 Fax: 817/326-8703 Twx: 710/394-6577
Telex: 924491 Cable: ANALOG NORWOODMASS



AD9100— SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS'

Supply Voltages (*Vg) . . ... ... ... L 6V Junction Temperature ... ... ... ........ e +175°C
Continuous Qutput Current . . . ................ 70 mA Storage Temperature . .. .. ......... .. —65°C to +150°C
Analog Input Voltage? . . ... .................. +*5V Lead Soldering Temperature (10sec) ... ... .... .. +300°C

ELECTRICAL CHARACTERISTICS (unless otherwise noted, +Vs = +5 V; —Vg = —52 V; Rygny = 100 €2; Ry, = 50 )

, ) . Test | Mil AD9100JD/AD/SD3 ,
Parameter Conditions . Temp Level | Sub Min Typ Max | Units
DC ACCURACY . ' :
Gain AV =2V Fuli VI 1,2,310.989 0994 Vv
Offset Vin =0V Full VI 1,2,3| -5 *1 +5 | mV
Output Resistance - 25°C \4 0.4 Q
Output Drive Capability Full | VI 1,2,3 | =40 +60 mA
PSRR AV = 0.5V pp Full VI 7,8 48 55 dB
Pedestal Sensitivity to Supply AV, =05V pp Full VI 7,8 0.9 2 mV/V
ANALOG INPUT/OUTPUT , ‘
Output Voltage Range Full VI 1,2,3.1 +2 *22 =2 |V
Input Bias Current 25°C VI, |1 -8 - *3°  +8 nA
’ . ' Full Vi 2,3 —-16 +16 | pA
Input Overdrive Cugrent’ Vin = =4V 25°C v +22 mA
Input Capacitance _ 25°C \Y 1.2 pF
Input Resistance - . : 25°C, Trax | VI 1,2 350 800 kO
Toia Vi |3 200 kQ
CLOCK/CLOCK INPUTS L '
Input Bias Current CL/CL = -1.0V Full A% 1,2,3 4 5 mA
Input Low Voltage (V) Full VI 1,2,3 | -1.8 -L5 1V
Input High Voltage (V) ) Fuli Vi 1,2,3 {1 -1.0 -0.8 |V
TRACK MODE DYNAMICS . '
Bandwidth (-3 dB) : ~ 'Vour <04V pp | Full Y 4,5,6 | 160 250 MHz
Slew Rate ' 4-Volt Step Full 1Y% 4,5,6 1550 850 Vips
Overdrive Recovery Time* (to 0.1%) Vin = 24 Vw0V | 25C A% : 21 ns
2nd Harm. Dist. (20 MHz, 2 V p-p) Full A2 ' ~65 "dBc
3rd Harm. Dist. (20 MHz, 2 V p-p) Full \Y =75 dBc
Integrated Output Noise (1-200 MHz) 25°C \Y 45 nv
RMS Spectral Noise (@ 10 MHz ' 25°C \Y 3.3 { nV/A/Hz
HOLD MODE DYNAMICS :
Worst Harmonic (2.3 MHz, 30 MSPS) | Vour =2V p-p 25°C Vv —83 dBfs
Worst Harmonic (12.1 MHz, 30 MSPS) | Vour =2V pp 25°C, Trax | IV 4,5 ' =81 —72 | dBfs
Worst Harmonic (12.1 MHz, 30 MSPS) | Vour =2V p-p Toin v 6 _ ~77 -70 | dBfs
Worst Harmonic (19.7 MHz, 30 MSPS) | Vour =2V pp 25°C Vv ~-74 dBfs
Hold Noise® : 25°C \ - 300 x 1y V/s rms
Droop Rate® Vin =0V 25°C V1 4 1 6 +mV/us
. T VI 6 7 40 +mV/us
. ’ : T oo A% SIS 5 30 +mV/ps
Feedthrough Rejection (20 MHz) Vin =2Vpp Full \Y 83 dB
TRACK-TO-HOLD SWITCHING '
Aperture Delay : -1 25°C \% ' ' +800 ps
Aperture Jitter : 25°C v <1 ps
Pedestal Offset Vin "0V 25°C VI | 4 b-5 +1 +5 mV
| Full VI 156 | -10. +10 | mV
Transient Amplitude Vi ~0V | Full Voo | *6 | 'mV
Settling Time to 1 mV - ' | Full VI 7.8 ; 7 11 | s
Glitch Product Vi 0V 0 25°C \Y | 15 pV-s
HOLD-TO-TRACK SWITCHING ! B !
Acquisition Time 10 0.1% F'2V Step 25°C \% 1 13 ns
Acquisition Time to 0.01% | 2V Swep Full v 7,8 | 16 23 | ons
r‘uqmsmon l'um o 0. 0!% 'L 4V SAlch _ 25°C ] \Y . i 20 ns




ADI100

I 1 o [ Test | Mil AD9100JD/AD/SD’
Parameter i Conditions Temp . Level : Sub Min Typ Max | Units
POWER SUPPLY ' | ’ ] ; |
Power Dissipation ! Full C VI f 1,2,3 1.05 1.25 W
+V, Current : Full VI i 1,2,3 96 118 mA
-V, Current i Full (Vi 11,23 116 132 mA
NOTES

'Absolute maxsmum raungs are imiung values to Be applied xndmdudlly, and beyond which the serviceability of the circuit may be impaired. Functional opera-
bility is not necessarily implied. Expasure to absolute maximum fating conditions for an extended period of time may affect device reliability.

‘Analog input voltage should not exceed -V )

*The “Full” temperature specificatons rdc.r to the ambient temperature for the DIP package only after a power soak. AD9100JD: 0°C to +70°C. AD9100AD:
-40°C 1o ~85°C ADSI00SD: 55 Cro - 125°C. 1y, - 38°C/W: this is valid with the device mounted flush to a grounded 2-0z copper clad board with 16 sq.
inches of surface area and no air flow. ) ) .

“The input to the AD9100 15 internally clamped at - 2.3 V. The internal input series resistance is nominally 50 (1.

*Hold mode nose 1s proportional to the length of time a signal is held. For example, if the hold time (ty) is 20 ns, the accumulated noise is typically 6 pV
(300 V/s « 20 ns  This value must be combined with the track mode noise to obtain total noise.

"Min and max droop rates are based on the military temperature range - 55°C w0 +125°C). Refer to the “Droop Rate vs Temperature” chart for min/max limits
over the commeraal and industnal ranges

Specifications subiect to change without notice.

EXPLANATION OF TEST LEVELS - EXPLANATION OF MILITARY SUBGROUPS -

Test Level , Subgroup 1 - Static tests at. +25°C.

I 100" production tested. (5% PDA calculated against Subgroup 1 for high-rel versions)

11 100°s production tested at - 25 €. and sample tested at Subgroup 2 - Static tests at maximum rated operating temperature.
Subgroup 3 - Static tests at minimum rated operating [emperature

specitied temperatures.

111 Periodically sample tested. Subgroup + - Dynamic tests at +25°C.

v Parameter is guaranteed by design and charactenizauon Subgroup 5 - Dynamic tests at maximum rated operating temperature.
testing Subgroup 6 - Dynamic tests at minimum rated operating temperature.

L N N . o - Subgroup 7 - Functional tests at +25°C.

\ Parameter 1s a tvpical value only. . . L

Vi All devices are 100% production tested at - 25¢ Subgroup 8 - Functional tests at maximum and minimum temperatures.

Subgroup 9 - Swirtching tests at +25°C.

100% production tested at temperature extremes tor . : .
Subgroup 10 - Swirching tests at maximum rated operating temperature.

extended temperature Sj“"l“‘* Samplc‘(cswd ar Subgroup-11  Switching tests at minimum rated operating temperature.
temperature extremes for commercialzindustnal devices. Subgroup 12 - Periodicallv sample tested.
AD9100 PIN DESCRIPTIONS/CONNECTIONS AD9100 PINOUTS

Pi . i

Pin No. _ Pﬁ?‘?"’" Connection v 2] v,
1 =\ 5.2 V Power Suppl\

2 GND Common Ground Plane GND | 2 E CLK
3 “ GND Common Ground Plane GND | 3 1__8_] CLK
4 Vie Analog Input Signal , Vin E 171 GND
5 Ve -5.2 V' Power Supplv

6 BYPASS 0.1 wF to Ground s [5] 2)[:5::3 16] +vs
7 -V -5.2 V Power Suppiy BYPASS E {Not to Scale) E BYPASS
8 GND Common Ground Plane Vs [7] E +Vg
9 Vour Track and Hold Output ) GND E . . E GND
10 GND Common Ground Planc ‘ :

1 GND Common Ground Planc . Vour 2] 12] ano
12 GND Common Ground Plane GND E E GND
13 GND . Common Ground Plane

14 +Vy -+ 5. V. Power Supplv

15 BYPASS 0.1 uk o Ground

16. AN » SV, Power Supply

17 GND Common Ground Plane .

18 CLK Complement ECL Clock

19 CLK “True™ ECL Clock

20 AN - SV Power Supply



AD3100

Acquisition Time is the amount of time it takes the AD9100 to
reacquire the analog input when switching from hold to track
mode. The interval starts at the 50% clock transition point and
ends when the input signal is reacquired to within a specified
error band at the hold capacitor. ) .
Analbg Delay is the time required for an analog input signal to
propagate from the device input to output. '

Aperture Delay tells when the input signal is actually sampled.-
It is the time difference between the analog propagation delay of
the front-end buffer and the control switch delay ime. (The
time from the hold command transition to when the switch is
opened.) For the AD9100, this is a positive value which means
that the switch delay is longer than the analog delay.

Aperture Jitter is the random variation in the aperture delay.
This is measured in ps-rms and results in phase noise on the

held signal.

Droop Rate is the change in output voltage as a function of
time (dV/dt). It is measured at the AD9100 output with the de-
vice in hold mode and the input held at a specified dc value; the
measurement starts immediately after the T/H switches from

.

track to hold.

" ANALOG
INPUT

HOLD CAPACITOR/
ANALOG OUTPUT

]

CLOCK
INPUTS

+2V

+2V

ov

0"

Feedthrough Rejection is the ratio of the input signal to the
output signal when in hold mode. This is a measure of how well
the switch isolates the input signal from feeding through to the
output.

Hold to Track Switch Delay is the time delay from the track
command to the point when the output starts to change and ac-
quire a new signal.

Pedestal Offset is the offset voltage step measured immediately
after the AD9100 is switched from track to hold with the input
held at zero volts. It manifests itself as an added offset during

the hold time. . '

Track to Hold Seﬁling Time is the time necessary for the track
to hold switching transient to settle to within 1 mV of its final
value,

Track to Hold Switching Transient is the maximum peak
switch induced transient voltage which appears at the AD9100
output when it is switched from track to hold.
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THEORY OF OPERATION

The AD9100 utilizes a new track and hold architecture. Previ-
ous commercially available high speed track and holds used a
front end open loop input buffer, followed by a diode bridge,
hold capacitor, and output buffer (closed or open loop) with a
FET device connected te the hold capacitor. This architecture
required mixed device technology and, usually, hybrid construc-
tion. The sampling rate of these hybrids has heen limited to 20
MSPS for 12-bit accuracy. Distortion generated in the front-end
amplifier/bridge limited the dynamic range performance to the
“mid-70 dBfs” for analog input signals of less than 10 MHz.
Broadband and switch-generated noise limired the SNR of previ-
ous track and holds to about 70 dB.

The AD9100 is a monolithic device using a high frequency com-
plementary bipolar process to achieve new levels of high speed
precision. Its patent pending architecture breaks from the tradi-
tional architecture described above. (See the block diagram on
the first page.) The switching type bridge has been integrated
into the first stage closed loop input amplifier. This innovation
provides error (distortion) correction for both the switch and
amplifier, while still achieving slew rates representative of an
open-loop design. In addition, acquisition slew current for the
hold capacitor is higher than standard diode bridge and switch
configurations, removing a main contributor to the limits of
maximum sampling rate and input frequency.

Switching circuits in the device use current steering (versus volt-
age switching) to provide improved isolation between the switch
and analog sections. This results in low aperture time sensitivity.
to the analog input signal, and reduced power supply and analog
switching noise. Track to hold peak switching transient is typi-

" cally only 6 mV and settles to less than 1 mV in 7 ns. In addi-
tion, pedestal sensitivity to analog input voltage is very low

(0.6 mV/V) and being first order linear does not significantly
affect distortion.

The closed-loop output buffer includes zero voltage bias current

cancellation, which results in high-temperature droop rates
equivalent to those found in FET type inputs. The buffer also
provides first order quasistatic bias correction resulting in an
extremely high input resistance and very low droop sensitivity
vs. input voltage level (typically less than 1.5 mV/V—ps.) This
closed-loop architecture inherently provides high speed loop cor-
rection and results in low distortion under heavy loads.

The extremely fast time constant linearity (7 ns to 0.01% for a
2 V step) ensures that the output buffer does not limit the
AD9100 sampling rate or analog input frequency. (The acquisi-
tion and settling time are primarily limited only by the input
amplifier and switch.) The output is transparent to the overall
AD9100 hold mode distortion levels for loads as low as 250 .

Full-scale track and acquisition slew rates achieved by the
AD9100 are 800 and 1000 V/us, respectively. When combined
with excellent phase margin (typically 5% overshoot), wide
bandwidth, and dc gain accuracy, acquisition time to 0.01% is
only 16 ns. Though not tested, settling to 14-bit accuracy

. -88 dB distortion (¢ 2.3 MHz) can be inferred to be 20 ns

Acquisition Time

Acquisition time 1s the amount of time it takes the AD9100 to
reacquire the analog input when switching from hold to track
mode. The interval starts at the 50% clock transition point and
ends when the input signal is reacquired to within a specified
error band at the hold capacitor.

The hold to track switch delay (t1p4t) can not be subtracted
from this acquisition time because it is a charging time delay
that occurs when moving from hold to track; this is typically 4
to 6 ns and is the longest delay. Therefore, the track time re-
quired for the AD9100 is the acquisition time, which includes
tpur- Note that the acquisition time is defined as the settled
voltage at the hold ‘capacitor and does not include the delay and
settling time of the output buffer. The example below illustrates
why the output buffer amplifier does not contribute to the over-
all AD9100 acquisition time. "

ACQUISTION TIME
ATC, TOX%

et

——\]

CH
— Vour .
PEAK TRANSIENT
| SEEN BY OUTPUT
BUFFER
.| tout :
™ 6ns ,4-15
TRACK
HOLD
D ——

TIME ——#
Figure 1. Acquisition Time Diagram

The exaggerated illustration in Figure 1 shows that V. has set-
tled to within x% of its final value, but Vg1 (due to slew rate
limirations, finite BW, power supply ringing, etc.) has not set-
tled during the track time. However, since the output buffer
always “tracks” the front end circuitry, it “catches up” during
the hold time and directly superimposes itself (less about 600 ps
of analog delay) to V¢yy. Since the small-signal settling time of
the output buffer 1s about 1.8 ns to =1 mV and is significantly
less than the specified hold time, acquisition time should be ref-
erenced to the hold capacitor. .

Note that most of the hold settling time and output acquisition
time are due to the inpurt buffer and the switch network. For

-output acquisition time, the output buffer contributes only

about 5 ns of the total; in hold mode, it contributes only 1.8 ns
(as stated above). ‘

A stricter definition of acquisition time would total the acquisi-
tion and hold times to a defined accuracy. To obtain 12 bit +
distortion levels and 30 MSPS operation, the recommended
track and hold times are 20 ns and 13.5 ns, respectively. To
drive an 8-bit flash converter with a 2 V p—p full-scale input,
hold time to 1 LSB accuracy will be limited primarily by the
encoder, rather than by the AD9100. This makes it possible to
reduce track time to approximately 13 ns, with hold time chosen
to optimize the encoder’s performance.
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Hold vs. Track Mode Distortion

In many traditional high speed, open ldop track-and-holds, track
mode distortion is often much better than hold mode distortion.
Track mode distortion does not include nonlinearities due to the
switch network, and does not correlate to the relevant hold
mode distortion. But since hold mode distortion has traditionally
been omitted from manufacturer’s specification tables, users
have had to discover for themselves the effective overall hold
mode distortion of the combined T/H and encoder. -

" The architecture of the AD9100 minimizes hold mode distortion
over its specified frequency range. As an example, in track
mode the worst harmonic generated for a 20 MHz input tone is
typically —65 dBfs. In hold mode, under the same condidons
and sampling at 30 MSPS, the worst harmonic generated is

—74 dBfs. The reason is the output buffer in hold mode has
only dc distortion relevancy. With its inherent linearity (7 ns
settling to 0.01%), the output buffer has essentially settled to its
dc distortion level even for track. plus hold times as short as

30 ns. For a traditional open-loop output buffer; the ac (track
mode) and dc (hold mode) distortion levels are often the same.

Droop Rate

Droop rate does not necessarily affect a track and hold’s distor-
tion characteristics. If the droop rate is constant versus the input
voltage for a given hold time, it manifests itself as a dc offset to
the encoder. For the AD9100, the droop rate is typically

+1 mV/ps. If a signal is held for 1 ps, a subsequent encoder
would see a 1| mV offset voltage. If there is no droop sensitvity
1o the held voltage value, the 1 mV offset would be constant
and “‘ride” on the input signal and introduce no hold-mode
nonlineariues. . i
In instances in which droop rate varies proportionately to the
magnitude of the held voltage signal level, a gain error only 1s
introduced to the A/D encoder. The AD9100 has a droop sensi-
tivity to the input level of 1.5 mV/V—psec. For a 2 V p-p input
signal, this translates to a 0.15%/ps gain error and does not
cause additional distortion errors.

For the AD9100, droop sensitivity to input level is insignificant.
However, hold times longer than about 2 ps can cause distortion
due to the R x Cy; ume constant at the hold capacitor. In addi-
tion, -hold mode noise will increase linearly vs. hold time and
thus degrade SNR performance.

Layout Considerations

For best performance results, good high speed design techniques
must be applied. The component (top) side ground plane should
be as large as possible; two-ounce copper cladding is preferable.
All runs should be as short as possible, and decoupling capaci-
tors must be used.

" Figure 2 is the schematic of a recommended AD9100 evaluation
board. (Contact factory concerning availability of assembled
boards.) All 0.01 pF decoupling capacitors should be low induc-
tance surface mount devices (P/N 05085C103MTO050 from AVX)
and connected on the component side within 30 mils of the des-
ignated pins; with the other sides soldered directly to the top

ground plane.

The 10 pF low frequency power supply tantalum decoupling
capacitors should be located within 1.5 inches of the AD9100.
The common 0.01 pF supply capacitors can be wired together.
The common power supply bus (connected to the 10 pF capaci-
tor and power supply source) can be routed to the underside of
the board to the daisy chain wired 0.01 nF supply capacitors.

For remote input and/or output drive applications, controlled
impedances are required to minimize line reflections which will
reduce signal fidelity. When capacitive and/or high impedance
levels are present, the load and/or source should be physically
located within approximately one inch of the AD9100. Note that
a series resistance, Rg, is required if the load is greater than

6 pF. (The Recommended Rg vs. CL chart in the “Typical Per-
formance Section” shows values of Rg for various capacitive
loads which result in no more than a 20% increase in settling
time for loads up to 80 pF.) As much of the ground plane as
possible should be removed from around the V, and Vgt
pins to minimize coupling onto the analog signal path.

While a single ground plane is recommended, the analog signal

-.and differential ECL clock ground currents follow a narrow path”

directly under their common voltage signal line. To reduce re-
flections, especially when terminations are used for transmission
line efficiency, the clock, Vi, and Vot signals and respective

“ground paths should not cross each other; if they do, unwanted

coupling can result.

High current ground transients via the high frequency decou-
pling capacitors can also cause unwanted coupling to the Vi
and Vg current loops. Therefore, these analog terminations
should be kept as far as possible from the power supply decou-
pling capacitors to minimize feedthrough.

Using Sockets

Pin sockets (P/N 6-330808-3 from AMP) should be used if the
device can not be soldered directly to the PCB. High profile or
wire wrap type sockets will dramatically reduce the dynamic
performance of the device in addition to increasing the case-to-
ambient thermal resistance.

Driving the Encode Clock

The AD9100 requires a differential ECL clock command Due
to the high gain bandwidth of the AD9100 internal switch, the
input clock should have a slew rate of at least 100 V/us.

To obtain maximum signal to noise performance, especially at
high analog input frequencies, a low jitter clock source is re-
quired. The AD9100 clock can be driven by an AD96685, an
ultrahigh speed ECL comparator with very low jitter.

CLK @ CLK

1k 1k

-5.2v 5.2V

Clock/Clock Input Stage
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Figure 2. AD39100 Application Diagram

Driving the Analog Input

Special care must be taken to ensure that the analog input signal
is not compromised before it reaches the AD9100. To obtain
maximum signal to noise performance, a very low phase noise
analog source is required. In addition, input filtering and/or a
low harmonic signal source is necessary to maximize the spuri-
ous free dynamic range. Any required filtering should be done
close to the AD9100 and away from any digital lines.

Overdriving the Analog Input

The AD9100 has input clamps that prevent hard saturation of
the output buffer, thereby providing fast over-voltage recovery
when the analog input transitions to the linear region (+2 V).

The clamps are set internally at +2.3 V and cannot be altered

by the user. The output settles to 0.1% of its value 21 ns after
the over-voltage condiuon is alleviated. When the analog input
is outside the linear region, the analog output will be at either
+22Vor -2.2V.

Matching the AD9100 to A/D Encoders

The AD9100’s analog output level may have to be offset or am-
plified to match the full-scale range of a given A/D converter.
This can generally be accomplished by inserting an amplifier
after the AD9100. For example, the AD671 is a 12-bit 500 ns
monolithic ADC encoder that requires a 0 to +5 V full-scale
analog input. An AD84X series amplifier could be used to con-
dition the AI}9100 output to match the full-scale range of the
AD671.
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| 10-Bit 18 MSPS
Monolithic A/D Converter

AD773

FEATURES
Monolithic 10-Bit 18 MSPS A/D Converter
Low Power Dissipation: 1.2 W '
Signal-to-Noise Plus Distortion Ratio
f,w = 1 MHz: 56 dB
f.n = 8 MHz: 53 dB
Guaranteed No Missing Codes
On-Chip Track-and-Hold Amplifier
100 MHz Full Power Bandwidth
High Impedance Reference Input
Out of Range Output
Twos Complement and Binary Output Data
Available in Commercial and Military Temperature

Ranges

.

PRODUCT DESCRIPTION

The AD773 is a monolithic 10-bit, 18 MSPS analog-to-digital
converter incorporating an on-board, high performance track-
and-hold amplifier (THA). The AD773 converts video band-
width signals without the use of an external THA. The AD773
implements a multistage differential pipelined architecture with
ourpat error correction logic. The AD773-offers accurate perfor-
mance and guarantees no missing codes over the full operating
temperature range.

Output data is presented in binary and twos complement for-
mat. An out of range (OTR) signal indicates the analog input
voltage is beyond the specified input range. OTR can be
decoded with the MSB/MSB pins to signal an underflow or
overflow condition. The high impedance reference input allows
multiple AD773s to be driven in parallel from a single reference.

The combined dc precision and dynamic performance of the
AD773 is useful in a variety of applications. Typical applications
include: video enhancement, HDTV, ghost cancellation, ultra-
sound imaging, radar and high speed data acquisition.

The AD773 was designed ‘using Analog Devices” ABCMOS-1

process which utilizes- high speed bipolar and 2-micron CMOS
transistors on a single chip. High speed, precision analog cir-

cuits are now combined with high density logic circuits. Laser
trimmed thin film resistors are used to optimize accuracy and

temperature stability.

The AD773 is packaged in a 28-pin ceramic DIP and is avail-
able in commercial (0°C to +70°C) and militarv (- 55°C to
+125°C) grades. '

REV.0
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OTR MSB BIT1 BIT 10
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PRODUCT HIGHLIGHTS -

1. On-board THA
The high impedance differential input THA eliminates the
need for external buffering or sample and hold amplifiers.
The THA offers the choice of differential or single-ended
inputs. Input current is typically 5 pA.

2. High Impedance Reference Input
The high impedance reference input (200 k(}) allows direct
connection with standard +2.5 V references, such as the
AD680, ADS80 and REF43.

3. Output Dara Flexibility
Output data is available in bipolar offset and bipolar twos
complement binary format.

4. Out of Range (OTR)
The OTR output bit indicates when the input signal is
beyond the AD773's input range. :

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703 Twx: 710/394-6577
Telex: 324491 Cable: ANALOG NORWOODMASS




AD773—SPECIFICATIONS

(T 10 Tuag With AVpp = +5V % 5%, AV = —5V = 5%, DVpp = +5V = 5%,

DC SPECIF ICATIONS 0RV,, = 45V = 5%, Voep = +2.500 V unless otherwise indicated)

4 AD773) AD773K
* Parameter v Min Typ . Max Min Typ Max Units
RESOLUTION ) ' 10 10 . ' Bits
DC ACCURACY (+25°C) o

Integral Nonlinearity o LSB
Tum 10 Tpax : +0.75 2075 %2 LSB

Differential Linearity Error : LSB
Tumn 10 Tyax *+0.75 +0.75 *1 LSB

Offset - 0.5 0.5 3.5 % FSR

.Gain Error ' 0.5 0.5 2.0 % FSR

No Missing Codes : GUARANTEED

ANALOG INPUT ‘

Input Range 1 1 V p—p

Input Current : 5 , 20 5 20 nA

Input Capacitance 10 ' 10 pF

REFERENCE INPUT

" Reference Input Resistapce 50 . 200 50 200 kO
Reference Input : 2.5 : 2.5 Volts

LOGIC INPUT

High Level Input Voliage . +3.5 » ) +3.5 . \Y%

Low Level Input.Voltage ; +1.0 +1.0 \Y

High Level Input Current (V,, = DVp) -10 +10 -10 +10 pA

Low Level Input Current (V;, = 0V} -10 +10 -10 . +10 A

Input Capacitance ‘ i 10 _ 10 pF

LOGIC OUTPUTS ‘ '
High Level Output Voltage (I, = 0.5 mA) . +2.4 . +2.4 ’ \Y
‘Low Level Output Voltage (I, = 1.6 mA) , . +0.4 +0.4 v
POWER SUPPLIES ‘

Operating Voltages _
AVip +4.75 +5.25° +4.75 +5.25 Volts
AV -5.25 -4.75 -5.25 -4.75 Volts
DV, DRV ‘ +4.75 +5.25 +4.75 : +5.25 Volts

Operating Current o ' :

IAV[)[) ) 85 110 85 110 mA

1AV . - 140 -205 -140 —-205 mA

IDVyp | 15 25 15 25 mA

IDRV,,p! P 10 15 10 15 mA
POWER CONSUMPTION? | 1.2 1.5 1.2 1.5 W
POWER SUPPLY REJECTION - 6 16 ' 6 16 mV/V
TEMPERATURE RANGE _f ’ ] ‘

Specified (J/K) o o |0 +70 0 +70 °C
NOTES
'C, = 15 pF typical. .
?100% production tested.
Specifications subject to change wilhquv notice. See Defininion of Specifications for additional information.
C=2- : : REV.0
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AD773

(T 10 Tyay With AVpg = +5V % 5%, AVgs = —5V = 5%, DVpp = +5V = 5%, DRV,y = +5 V

AC SPECIFICATIONS =+ 5%, vy, = +2.500 V unless otherwise indicated, foppy = 18 MSPS, 1,, ampitude = —0.5 B)

AD773]) AD773K
Parameter ‘ Min Typ Max Min “Typ Max Units
DYNAMIC PERFORMANCE! ‘
Signal-to-Noise plus Distortion
(S/N+D) Ratio
fin = 1 MHz 52 56 54 56 dB
fin = 8.1 MHz 45 53 47 53 dB
fin = 9 MHZ 53 53 dB
Effective Number of Bits (ENOB)
fin = 1 MHz 9.0 9.0 Bits
fin = 8.1 MHz 8.5 8.5 Bits
f,N = 9 MHz 8.5 8.5 Bits
Total Harmonic Distortion (THD) |
fix = 1 MHz —-66 -57 -66 -59 dB
fin = 8.1 MHz ~-58 —-46 —-58 —48 dB
fin = 9 MHz —-56 -56 dB
Spurious Free Dynamic Range® 67 67 dB
Full Power Bandwidth 100 100 MHz
- Intermodulation Distortion (IMD)?
Second Order Products -69 =69 . dB
Third Order Products -6l -61 dB
Differential Phase 0.2 0.2 Degree
Differential Gain 0.4 0.4 %
Transient Response 25 25 ns
Overvoltage Recovery Time 25 25 ns

NOTES ’ .
‘For typical dvnamic performance curves at'f ypr, -~ 16.2 MSPS and 18 MSPS; see Figures 2 through 13. ) )
e - 1 MHz :

ta ~ 1.0 MHz. tb - 1.0S MHz.

_ Specifications subject to change without notice.

(tor all grades Ty, to me with AVp, = +5V = 5%, AV = =5V = 5%, DVyp = +5V = 5%,

T|M|NG SPEC'HCATIUNS DRV, = +5 V % 5%, Vogr = +2500 V unless otherwise indicated, fyyysy, = 18 MSPS)

Symbol Min Typ Max Units
Conversion Rate 18 MSPS
Clock Period terx 55 ns
Clock High ton 27 ns
Clock Low ter. 27 ns
Qutput Delay ton 20 ns
Aperture Delay 7 ns
Aperture Jitter 8 ps
Plpelme Dela\ (Latency ) 1 : 4 Clock Cycles

VIN ’\‘\ e

e te o
J\/N.,\/\/\/\/L
o e | e

FET GED G G G G 6

Figure 1. A_D77_3 Timing Diagram

CLOCK

REV. 0 , ' ' _3-



AD773

CAUTION ;
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected;

however, permanent damage may occur on unconnected devices subject to high energy electro-
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam
should be discharged to the destination socket before devices are inserted.

WARNING!

Wﬁv@

ESD SENSITIVE DEVICE

ABSOLUTE MAXIMUM RATINGS*

Parameter With Respect to | Min | Max | Units
AVpp AGND -0.5]+65 |V .
AV AGND -6.5|+0.5 |V
Viunr Vs AGND -6.5| +6.5 |V
DV, DRV, DGND, DRGND | ~0.5| +6.5 |V :
AGND DGND, DRGND | -1.0| +1.0 | V. PIN CONFIGURATION
AV, Avss DV, DRV, -6.5!+0.5 |V o \_/
CLK DVpp, DRV, | -6.5 +0.5 |V REFGND | 1 28 | AGND
REFIN REFGND, AGND | =05 +6.5 | V REFIN. | 2 [27] Vie
Junction Temperature 1501 °C avss [3 E v
Storage Temperature -65 | +150°C A
Lead Temperature ! Avoo | 2 AD773 E AVss
(10 sec) | 300 |°C AGND | 5 « o [26] ovoo
TOP VIEW
DGND | 6 23| CLK
*Stresses above those listed under “Absolute Maximum Ratings™ may cause {Not to Scale) j
permanent damage to the device. This is a stress rating only and. functional DRV op E E DRV po
“operation of the device at these or any other conditions above those indicated DRGND E 21] DRGND
in the operational sections of this specification is not imphed. Exposure to
absolute maximum ratings for extended periods may affect device reliability. BIT 10(LSB) E E':l OTR
: BIT9 |10 ) E MSB
ORDERING GUIDE BT
v 8 [11 [18] Br7 1 (MsB)
Temperature Package . BIT7 [12 o 17] B2
Model Range Description Option* BIT6 E I‘] BIT 3
AD773]D 0°C 1o +70°C 28-Pin Ceramic DIP D-28 BITS E E BIT 4
AD773KD 0°C 1o +70°C- | 28-Pin Ceramic DIP D-28

*D = Ceramic DIP.

PIN DESCRIPTION

Symbol Pin No. | Type | Name and Function

AGND 5, 28 P Analog Ground.

AV, T P +5V Analog Supply.

AV 3,25 P -5 V Analog Supply.

BIT 1 (MSB) | 18 DO & Most Significant Bir.

BIT 2-BIT 9 | 17-10 | DO | Data Bit 2 through Data Bit 9.

BIT 10(LSB) | 9 DO Least Significant Bit. .

CLK 23 DI Clock Input. The AD773 will initiate a conversion on the falling edge of the clock inpur. See the

' Timing Diagram for details.

DV, 24 P +5 V Digital Supply.

DRV, 7,22 P +5 V Digital Supply for the output drivers.

DGND | 6 4P ! Digital Ground.

DRGND i 8,21 i P ! Digital Ground for the output drivers. : :

MSB C 19 : DO ! Inverted Most Significant Bit. Provides twos complement output data format.

OTR 20 DO i Out of Range is Active HIGH on the leading edge of Code 0 or the trailing edge of Code 1023,
. i See OQutpur Data Format Table 11

REF GND 1] Al | REF GND is connected to the ground of the external reference.

REF IN 2 I Al REF IN is the external 2.5 V reference input, taken with respect to REF GND.

Vica 26 P AL ( +) Analog input signal to the differenual input THA.

Visn 27 E Al o Analog input signal to the differential inpur THA.

Pyper AL Analog Inpur, DI Digatal Inpug; DO Drgaest Output; P Power,

—_4-— REV.0
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EQUIVALENT REFERENCE INPUT CIRCUIT

The AD773 is designed to have a reference to analog input volt-
age ratio of 2.5:1.. When the AD773 is configured for single-
ended operation a 2.5 volt reference input establishes a full-scale
analog input voltage of 1 V p—p (500 mV with respect to
V,.p). Although the AD773 is specified and tested with Ve
equal t0 2.5 V and V equal to =500 mV the reference input
voltage and analog input voltages can be changed. To optimize
the AD773’s performance the 2.5:1 ratio should be maintained.
The simplified model of the AD773’s reference input circuit is

shown in Figure 22.

) AD773
REFIN
4
L
R1
VBlas
. .
REFGND (
: R3
R2
~5Va

Figure 22. Typical Reference Input Circuit

. :
The 2.5 V external reference is applied across resistor R1 pro-
ducing a current which in turn generates a voltage Vi, . Mulu-
ple reference currents are generated from Vg, .4 and are used
throughout the converter. R3 is used to cancel errors induced by
-the input bias current of the REFGND buffer. Figure 23 shows
the SNR performance as the reference voltage is varied from its
nominal value of 2.5 V. The input full-scale voltage is defined
by the following equation,

Reference Voltage
2.5

The power dissipation is modulated by variations in the refer-
ence voltage. Figure 24 shows the variation 1n power dissipation
versus reference voltage.

- Input Full-Scale Voltage -

AIN = -0.3dB

s AT ‘
//—"LH— ] )

50 AIN = -6dB “

S/N+D - dB
&

1.8 22 2.6 3.0 3.4 3.8
REFERENCE VOLTAGE - V

Figure 23. S/N + D vs. Reference Input Voltage.
f 18 MSPS, f,, 1 MHz

LA

—10-

1.4

13 -

3 /
]

@
w ; -
3
o
a

12

1.1 -

20 . 22 24 26 28 30

REFIN -V

Figure 24. Power Dissipation vs. Reference Input Voltage

TRANSIENT RESPONSE ,

The fast settling input THA accurately converts full-scale input
voltage swings in under one clock cycle. The THA’s high
impedance, fast slewing performance is critical in multiplexed or
dc stepped (charge coupled devices, infrared detectors) systems.
Figure 25 show the AD773's settling performance with an input
signal stepped from —500 mV to OV. As can be seen, the output
code settles to its final value in under one clock cycle.

1k

CODE
g
———

20 30 40 50 60 70 80
TIME - ns

Figure 25. Typical AD773 Settling Time

REV. 0O



AD773 J

OUTPUT DATA FORMAT
The AD773 provides both MSB and MSB outputs. ddlvcrmg

posttive true otfset binary and twos complement output data.
Table 11 shows the AD773°S output data format.

Table I1. ()ulpuf Data Format

Analog Input

Digital Output

Offset . Twos,
Vina—Vine " Binary ! Complement OTR
“399.5 mV I 1 |01 1
199 mV I 0L L | 0
0 mV 10 0000 0000 ' 00 0000 0000 | 0
500 mV 000000 0000 100000 0000 | 0
500.5m\V 000000 0000 100000 0000 | 1

OUT OF RANGE A

An out-of-range conditon exints when the analog input voltage
s bevond the input range 300 m\ of the converter. [Note
the AD773 has 1 4 clock cvele lateney raung.] OTR (Pin 2015
et low when the analog input voltage 1s within the analog input
range. OTR is set HIGH and will remain HIGH when the dna-
log input voltage exceeds the input range by 1/2 LSB trom the
center of the - tull-scale output codes. OTR will remain HIGH
until the analog mput is within the input range. By logical
ANDing OTR with the MSB and its complement. overrange
high or underrange low condinons can be detected. Table I s
a truth table for the overunder range aireunt in Figure 260 Svs-
tems requirmg programmable g conditioning prior to the
AD773 can immediately detect un out of range condinon. thus

chiminaung g selection iterations

MSB -y .
i OVER = "1°
TR —E
UNDER - "1~
Msg ———

Figure 26. Overrange or Underrange Logic

Table II1. Out-of-Range Truth Table

OTR MSB ' ANALOG INPUT IS

0 " In Rangt.
0 ! | In Range
1 0 i Underrange
1 . J. ()w.rrang:.

GROUNDING AND LAYOUT RULES

As 18 the case for anv high performance device, proper ground-
ing and lavout techniques are essential in achieving optimal per-
formance. (Note—Figures 28-32 are not to scale.) The analog
and digital grounds on the AD773 have been separated to opti-
mize the management of return currents in a system. It is rec-
ommended that a 4:laver printed circuit board (PCBj) which
employs ground planes and power planes be used with the

_AD773. The use of ground and power planes offers distinct

advantages:

1. The minimization of the loop area ehcompassed by a signal
and 1ts return path.

2. The minimization of the impedance associated with ground
and power paths.

3. The inherent distributed capacitor formed by the power
plane, PCB insulation, and ground plane.

These characteristics result in both a reduction of electro-
magnetic interference {EMI' and an overall improvement in
performance.

[t 1s important to design a layout which prevents noise from
coupling onto the input signal. The wide input bandwidth of the
AD773 permits noise outside the desired Nyquist bandwidth to
be digitized along with the desired signal. This can result in a

“higher overall level of spurious noise in the digitized spectrum.

Digital signals should not be run in parallel with the input sig-
nal traces and should be routed away from the input circuitry. It
1s also suggested that the traces associated with Vi, and Viyy
be the same length.

Separate analog and digital grounds should be joined together
directly under the AD773 sce Figure 30). A solid ground plane
under the AD773 is also acceptable if care is taken in the man-
agement of the power and ground return currents. A general
“rule-of-thumb™ for mixed signal lavouts dictate that the return
currents from digital circuttry should not pass through critical
analog circuitry.

POWER SUPPLY DECOUPLING

The analog and digital supplies of the AD773 have been sepa-
rated to prevent the typically large transients associated with
chgital circuntry from couphing into the analog supplies (AV5p,
AVg). Each analog power supply pin should be decoupled with
a 0.1 uF capacitor located as close to the pin as possible. Addi-
tionally, 0.22 wF capacitors for the DRV, and DV, supplies
are required to adequately suppress high frequency noise. For
optimal performance, surface-mount capacitors are recom-
mended. The inductance associated with the leads of through-
hole ceramic capacitors typically render them ineffective at
higher frequencies. A complete system will also incorporate tanta-
lum capacitors in the 10-100-pF range to decouple low fre-
quency noise and ferrite beads to limit high frequency noise.

The digital supplies have also been separated into DRV, and
DVpp»- The DRV, pins provide power for the digital output
dnvers of the AD773 and are likely to contain high energy tran-
sients. Pin 22 should be decoupled directly to Pin 21 (DRGND)
and Pin 7 should be decoupled directly to Pin 8 (DRGND) to
munimize the length of the return path for these transients. A
single +5 V supply is all that is required for DRV, and
DV,,1,, but decoupling DV, with an R(, filter network is sug-
gested (see Figure 27

Y 1
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Figure 27. AD773 Evaluation Board Schematic

FR1 FR3

"Table IV. Components List
Reference Designator Description Quantity
R2, R4 h Resistor, 1%, 49.9 0 2 '
RS. R6, R11--R22 Resistor, 5%, 22 2 | 14
R7, R8 Resistor, 5%, 39 2 i 2
R9Y Resistor, 5%. 75 (2 E 1
R10 Resisior, 5%, 560 (2 X 1
(‘,1‘(‘3-(‘,8‘(‘.11.(IH,C]?—(:Zl» Chip Cap, 0.1 pF 14
2 Capacitor, Tantalum, 10 pb 1 1
€9, C12.015 Chip Cap, 0.01 pF 13
C10, C13.Cle Capacitor, Tantalum, 22 pF | 3
Ul AD773 |1
2 ADVT7122 P
U3 CADBS0 I
U4 ADSEY P
Us 7HAS04 Pl
]

i Fernie Bead
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Semiconductor

54F/74F240°54F/74F241054F/74F244
Octal Buffers/Line Drivers with TRI-STATE® Outputs

General Description

The 'F240, 'F241 and 'Feua are octal butiers and line driv-
ers designed to be empioyed as memory and address driv-
ers, clock drivers and bus-oriented transmitters/receivers
which provide improved PC and board density.

Features

w TRI.STATE .outputs dive bus lines or bulfer memory

address registers

Qutputs sink 64 MA (48 mA mil)

12 mA source current

[ ]

[} 3 .
B Input clamp diodes limit high-speed termination eHects
® Guaranteed 4000V minimum ESD protaction

Ordering Code: see Section 5

Connection Diagrams

'F240
Pin Assignment ) Plin Assignment
for DIP, SOIC and Flatpak
' ]
] R B T
Ky &,
3 18
81 7
by~ ‘e
] 16 -
5] ms o
e &F 7771 N
1‘3,:4_' __‘."’{:20(1 6.—: 762
g =t oo |g
IBEO P 3
Oy ls Oy 1y O o —2] AL
TU/F/9%01 -2
TL/F/9501 -1
'F241
Iy Og |y Og-ly ) \ 20
ofufoliilo) a,:ﬂ Ho e
/:ng‘cpcx v oty
2201 4 T 0, 0, o
[2015] 17 2w Ty |,——‘- Loy
D S ) e o, o‘_: l: |
o,*_;)—:-‘m.,,' | G+ 128 i ! 4
(124 )—_—_Jj_'; L TE 0L ;:...Z. .ﬁ.o2
RO Ll LN
TRBOB " I
0y 1 0y 1y Og ;;E'\ 1“?
TL/F/9501-4 X 3
. TLF/9501-3
‘F244
'y O¢ly Oy 1y
jujujeiol
[ ‘T)—‘ =i x>
1L [—K,_ L%
;TN glelgry Ty
Y2 ,—ﬂl Fi18 L‘ —a,
O3 W= M D
Il T,
TEEOE
Og ls 0y 1y Og TL/FI9501-8
TLIF 95015
4-188

—
Logic Symbols
IEEE/IEC |EEE/IEC IEEE/IEC
'F240 ‘F241 'F244
[ -0~ N ot b o
lo = 3 v [ iy — > v }—04 v — > U p— 0y
1, — p— 0, Iy — | 0, 1y —p b0,
b~ 52 h — 02 b —f %
Iy — 0y Iy — 0y Iy =] 0y
ot, N 0f; — N O~ oy
_ 2 .
N [ v 0 Iy~ [ V=0, L > 9—0,
Iy — L'ﬁs Iy s O Iy~ =0y
lg = P O Iy — L— 0 i — pe Og
ly — p— 5, by — 0y Yy — —T]
TL/F/9801-7 TL/F/9801-0 - F0
Unit Loading/Fan Out: see Section 2 for U.L Definitions
' . S4F/T4F
Pin Names Description u.L Input /Iy,
HIGH/LOW Output low/log.
OE,, CF, TRI-STATE Output Enable Input {Active LOW) 1.0/1.667 20 pA/~1 mA
OE> TRI-STATE Qutput Enable Input (Active HIGH) 1.0/1.667 20 A/ -1 mA
lo~17 Inputs ('F240) 1.0/1.667° 20 wA/—1mA
| lo-ly tnputs ('F241, ‘'F244) 1.0/2.667° 20 uA/ ~-1.6 mA
To-T7, 0p-07 Qutputs 600/106.6 (80) — 12 MA/64 mA (48 mA)
'Worst-case 'F240 enabled; ‘F241, 'F244 dissbled
Truth Tables
'F240 ; F244
OEy | D | O | BF2 | Dan | Oomn OFy | D | O | O | D | O
K X 2 H X 2 H X - r4 R X 4
L H L L H L L H H L H H
L L H L L K L L L L Lo
) H = HIGH Voitage Level
F241 L= LOW Voltage Level
X = Immateriel
OF, Din O1n OE; Dan O2n Ze u";:.|m
H X 4 L X Zz
L H H H H H
L L L H L L
-

4-189
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Absolute Maximum Ratings Note 1)

Recommended Operating

DC Electrical Characteristics (continued)
ItaFy/Autospace specified devices are required, Conditions : 54F/T4F
Semiconductor - Sales Free Air Ambient Temperature Symbol Parameter Units Yee Condgitions
oz,om\w:r_wc.o: for svailabllity and specifications. Miltary —55°C o + 125G i Typ o
Storage Temperature ~65°Cto +150°C Commercial 0'Cto ~70°C lecH Power Supply Current ('F240) 19 29 mA Max | Vo = HIGH
Ainbiént Temperature under Bias ~55°Cto +125'C Supply Voltage - - - o low
Junetion Temperature under Bias ~55'Cto +175'C Military ~45Vio s 55v 1l Fower Supely Current ( F240) a L m Max_| g2 10
(na Pin Potential to Commercial +45V10 + 55V 1| yecy Power Supply Current ('F240) 42 83 mA Max Vo = HIGH 2
Ground Pin -0.5Vio ~ 7.0V lceH Power Supply Current 0 . 8 mA Max Vo = HIGH
input Voltage (Note 2) ~0.5Vio +7.0v ('F241,'F244)
input Current (Note 2) =30mAto + 50 mA lceL Power Supply Current 80 %0 mA Max Vo = LOW
Voltage Applied to Output ('F241,'F244)
in HIGH State (with Ve = 0V) | . VA = HIGH
Standard Output ~0.5VtoVee lecz o mﬁwﬁoﬁoa 60 %0 mA | Max | Yo=HIGHZ
TRI-STATE Output =0.5Vio +55V ) !
Current Applied to Output
in LOW Suate (Max) > twice the rated lo| (mA) AC Electrical Characteristics: see Section 2 for Wavetorms and Load Configurations
" ESD Last Passing Voltage (Min) 4000V - j 74F S4F 74F
Nots 1; Absoiute maximum ratings are valuss beyond which the device may
be damaged or have iy usetul life :.:o.:& Functionsl operstion under Ta= +25C
these conditons is not implied. N symbol Parameter Vec = +5.0V Tas Vee = Mil Ta. Ve = Com units | 9
xq:wﬂ.i.‘2:?_.3.9553:.3.::533.5295_8,3 CL = 50 pF CL = 50 pF - . CL = 50 pF No.
DC Electrical Characteristics Min _ Typ  Max | Min  Max | Min  Max
i ] 54F/74F Y] Propagation Delay 3.0 .51 7.0 3.0 9.0 3.0 8.0 _
Symba -Parameter IS Y Unlts | Vee Condltions oL Data to Output {'F240) 2.0 35 47 2.0 6.0 2.0 57 nsop 23
- X A N i tpzM Output Enable Time ('F240) 2.0 35 4.7 2.0 6.5 20 57
i \ R HIGH S |
Viy Inpuf HIGH Voltage 2.0 ; mmnooa_No“ asa _.Onw,\ - .m:m_ oy 40 69 5.0 40 105 w0 100 N 2t
\ Input LOW Volt, 0.8 \4 ecognized as a igna -
L q,.oc LOW Voltage . 9 9 twz | Output Disable Time (F240) | 2.0 w0 53 20 65 20 63
Vep. ok Input Clamp Diods Voltage -1.2 v Min | Iy = ~18mA oLz . 20 6.0 8.0 20 125 20 95
[) . oW = — .
Yo m%ww.x_mx Mum “W.\\“ «nn w m _Wz - ..wms :\.V pLH Propagation Delay 25 40 52 20 6.5 25 6.2 ns 223
74F 10% <mm 24 v | Min 4 on - —3mA tomy Datato Output (F241,'F244) | 2.8 4.0 5.2 2.0 7.0 25 6.5
74F 10% Vg | 2.0 loH = —15mA tpzH Output Enable Time 20 4.3 57 2.0 70 2.0 6.7
——— T4FS5% Vee | 27 lon = ~3mA | P21 ('F241,'F244) 2.0 5.4 7.0 2.0 8.5 2.0 8.0 ns | 25
VoL Output LOW 54F 10% Vg 055 | | \in | ToL = 48ma oz Output Disable Time 20 45 6.0 20 7.0 20 7.0
Voltage 74F 10% Vo . .0.55 loL = 64 miA ' pyy ('F241,"F244) 20 45 6.0 20 75 2.0 70
W 1AL HIGH 54F 20.0 Vi = 2.7V
Current 74F 5o | A | Max
L _%uc_ HIGH Current  54F 100 wA | ua | VvtV i :
eakdown Tast 74F 7.0 !
|
Icex Output HIGH 54F 250 Yout = Veo
Leakage Current 74F 50 pA Max
Vio Input Leakage lp = 1.9pA ;
F .
Test 74 a5 V| 29 | all Other Pins Grounded _
!
lop Output Leakage Viop = 150 mV ’
74F . 2 .
Cireuit Current 375 KA 00 All Other Ping Grounded
i Input LOW Current RO Max Vin = 0.5V (OF,, DE,, OE,, D, ('F240)
~-16 ViN = 0.5V (D, ('F241, 'F244)) .
lozH Output Leakage Current 50 pA | Max | vour = 2.7v '
lozL Output Leakage Current - 50 pA | Max | Voyur = 0.5V N
los | Output Shot-Circuit Current — 100 =225 | mA | Max | Vour = ov m .
I27 Bus Drainage Test 500 A | 0.0V | Vour = 5.25v I
4-790
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DESCRIPTION

The HY62C256/L is a high speed low power,
32768-word by 8-bit CMOS static RAM fabri-
cated using HYUNDAI’s high performance twin
tub CMOS process. This high reliability process
coupled with innovative circuit design techniques,
yields access times of 100ns maximum.

The HY62C256L has a data retention mode
that guarantees data will remain valid at a mini-
mum power supply voltages of 2.0 volts. Using
twin tub CMOS technology, supply voltages
from 2.0 to 5.5 volts have little effect on supply
current in data retention mode. Reading the
supply voltage to minimize current drain is
unnecessary with the HY62C256/L family.

32Kx 8 CMOS Statlé RAM -

FEATURES
* High speed — 100/120/150 ns (Max)

- * Low Power dissipation.

-200 mW (Typ.) Operating
=25 uW (Typ.) Standby (HY62C256L)
* Data retention supply voltage: 2.0 —5.5V
¢ Four transistor 2-Load Register memory cell
e Fully static operation
-No clock or refresh required

_* Allinputs and outputs directly TTL compatible
"o Tri-state outputs

¢ High reliability 28-pin 600 mil P-DIP

HY62C256/L-10 HY62C256/1-12 HY62C256/1-15
Maximum Access Time (ns) 120 150
Maximum Average Operating Current (mA) 70 70
Maximum Standby Current (mA) 1.0/0.1 1.0°0.1

FUNCTIONAL BLOCK DIAGRAM

PIN. CONNECTIONS

Aul 28[Vee
Ad o——ﬁ — -0 Vcc A2 270 WE
. -0 GND Ar O3 2e[J An
.. row |, 1024x256 As s 251 As
DECODER Memory Array A Os 24[7 As
’ AOs 237 As
1 A7 2200
A ﬁ B ads 2104w
v]'..oooo;[ Als 2oj§
Ao 10 197 Ds
" ?—"——E 5 Column 110 Qo gn 18[1Ds
* 'g:g: ] D Q12 17(1 Ds
- CIRCUIT i Column decoder 0. 13 163 D.
. ' < GND 14 15[105
vos o—1-y—{>— l—% (DIP/SOP)
" R A PIN NAMES
As—Aw | ADDRESS
gs_EH Cg{;‘éﬁ% Do—D; DATA INPUT/IOUTPUT
WEo— cs CHiP SELECT
WE WRITE ENABLE
OF OUTPUT ENABLE

Vee POWER

GND GRO@_____’_J




' iiY62C256/ L 32,768 x 8 Bit CMOS Static RAM

T
ABSOLUTE MAXIMUM RATINGS®
SYMBOL PARAMETER RATING UNIT

Vce, GND Supply Voltage - ' -031w07 '
Vin Input Vohaéc . i -03107 A"
Vio Input/Output Voltage Applied . . . =03107
Toias Temp Under Bias v : ~1010 85 °C
Ta Operating Temperature / ; 0to +70 °C
Tso Storage Temperature -4010 +125 °C
Py ; Power Dissipation 1.0 w
lout DC QOutput Current ' 50 mA

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage 1o the device. This is a stress rating only and
functional operation of the dcuct at these or any other conditions above those indicated in the operational sections of this specification is not implied.

RECOMMENDED DC OPERATING CONDITIONS
(TA=0°C to +70°C)

SYMBOL 'PARAMETER MIN. | TYR MAX. UNIT
Vee » Supply voliage 4.5 5.0 s v
GND ) V Supply Voliage : 0 ! 0 0 v
Vin . . Input High Voliage 22 35 6.0 v
Vi ‘ Input Low Vohage -0.3° - -038 v
Cy Output Load - - ‘ 30 pF
TTL Output Load : - ‘ - ) 1 =
*~3.0V for 20ns pulse. ‘ Y, ' .
TRUTH TABLE
MODE Cs OE WE 170 OPERATION
Standby - H X X High Z
Read L L H Dour
Read L " H H High Z
Write L X L AD,N

5-18



> | ~ HY62C256/L 32,768 x8 Bit CMOS Static RAM
m . ]

DC CHARACTERISTICS

(Vec =5V £10%, To=0°C to +70°C).
' ' - HY62C256 HY62C256L _
SYMBOL PARAMETER ' TEST CONDITIONS MIN. | Typ™ |MAX. | MIN. | TYP" | MAX. UNIT
1M Input Leakage Current Vin=GND to V¢e - - 2 - - 2 uA
. ol Output Leakage Current ?::23565:‘/‘2? orWE=Vu| _ - 2 - - 2 BA
Iccz Dynamic Operating Current - | Min. Duty Cycle=100% - 35 70 - 35 70 mA
Ise Standby Power Supply CS=Vim - - 3 — - 3 mA
Isai Curremt TS=Vee-02V, -t -]} -] = ]o| ma
Voo Output Low Voltage loL =4mA ‘ - | - 0.4 - - 04 | Vv
Vou Output High Voltage _ Ion=—1.0mA 24 - - 24 - - %
1. Ve =5V, Ta=25°C
=
AC CHARACTERISTICS .
(Vee=5V£10%, To=0°C to +70°C).
READ CYCLE
- HY62C256/L10 | HY62C256/L-12 | HY62C256/L-15
SYMBOL PARAMETER MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | 0T
trC Read Cycle Time ' 100 - 120 - 150 - ns
Tan Address Access Time = 100 - " 120. - 150 ] s
tacs Chip Select Access Time . - 100 - 120 - 150 ns
tciz Chip Selection to Output in Low Z . 5 - 5 - s - ns
toEe Output Enable to Output Valid - 50 - 60 - 70 ns
toLz Output Enable to Output in Low Z 5 = 5 - 5 - ns
tCHZ Chip Deselection to Output ig High Z o 35 0 40 0 50 ns
toHz Output Disable to Output in High Z' 0 35 0 40 0 50 ns
oK Output Hold from Address Change 10 - 10 - 10 - ns




HY62C256/L 32,768 x 8 Bit CMOS Static RAM

m

WRITE CYCLE
HY62C256/1-10 HY62C256/L-12 -HY62C256/L-15
SYMBOL PARAME-I:ER MIN. MAX. MIN. MAX. MIN. MAX. unIT
twe Write Cycle Time 100 - 120 - 150 - ‘ns
Tew Chip Selection to End of Write 80 = 8s - 100 - ns
Lan Address Valid to End of Write 80 - 85 - 100 - ns
tas Address Sei-up Time 0 - 0 - 0 - ns
twp Write Pulse Width 70 - 70 - S0 - ns -
twr Write Recovery Time - 0 - 0 - ns
"loHz Output Disable to Output in High Z 35 40 0 50 ns
WHZ Write to Output in High Z . 35 0 40 0 50 ns
ipw Data to Write Time Overlap 40 - 50 — 60 - ns
tpH Data Hold from Write Time - 0 - 0 - ns
tow Output Active from End of Write 0 - 0 - 0 - ns
'
AC TEST CONDITIONS OUTPUT LOAD
(Ta=0°C 1o +70°C) ‘ Figure | +5Vo
Input Pulse Levels 0.8V 1024V §1KS‘.
Input Rise and Fall Times- Sns
Input and Output
Timing Reference Levels 1.5V .
*Including scope and the Jig.
CAPACITANCE®
(TA=25°C f=1.0 MHz)
SYMBOL PARA!\LETER CONDITIONS MAX. UNIT
Cin Input Capacitance Vin=0V _ £ pF
Cio Input/Output Capacitance . Vio=0V 10 pF

1. This parameter is sampled and not 100% tested.
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R

HY62C256/L 32,768 x 8 Bit CMOS Static RAM

TIMING DIAGRAMS

READ CYCLE 1'" ) ;
s Yy — | - )L
oe X\\\\\\\\\\\\\\.u: | .‘ LT
et 1 |
oo - — Bl A
e X . - | X

oo 500 ¥

READ CYCLE 3-3#

Chip Select 5

tacs ]
tewzes) : i ——leam—e
Dour
NOTES:
. 1. WE is High for Read Cycle.
2. Device is continuousty selected. T3 =V,
3. Address vahd prior to or coinc.zznt sith TS transition tow.,

4. OE=V,, .
S. Transition is measured = OO\ “rom-steady state. This parameter is sampled and not 100% tested.
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HY62C256/L 32,768 x 8 Bit CMOS Static RAM

whTE Cvete
e ’ NANWAWNY
S S i
" I A
o TR "
| e
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S . HY62C256/L 32,768 x 8 Bit CMOS Static RAM

[ o - R
WRITE CYCLE 2%
twe
N SR X
tew tway

SIAMANIARARNANAR S A7 /TT77777777

twp (1)

wE AAMMMN

i
N

~————tlowne———| o | »

Oour ==

S 5|

NOTES:

A write occurs during the overlap (1up) of a low CS and low WE.

twx is measured from the earlier of CS or WE going high to the end of write cycle.

Dunng this period. 170 pins are in the output state so that the input signals of epposite phase to the outputs must not be applied.

If the CS low transition occurs simultancously with the WE low transitions or after the WE transition, outputs remain in a high impedance state.

OE is continuously low (OE=Vy).
Dex 1 is the same phase of write data of this write cycle.

D 1 is the read data of next address.
1f TS is low during this period. 1 ‘0 pins are in the output state. Thcn the data input signals of opposite phase to the outputs must not be applied to them.

Transition is measured + 500mV from steady state. This paramecter is sampled and not 100% tested.

PPﬂ999w-
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"HY62C256/L 32,768 X8 Bit CMOS Static RAM -

L S — m——— w——
LOW Vcc DATA RETENTION CHARACTERISTICS
SYMBOL o PARAMETER TEST CONDITIONS MIN. TYP MAX. UNIT
Vo Data Retention Supply Voliage CS>, Voo — 0.2V 20 - - v
Iccor bala Retention Current (%%C>= 3\1(2::/ — 02V - 2 50 »A
- tCDR Chip Deselect to Data Retention Time " 'See Dara Retention 0 - - ns
1 Operation Recovery Time Diagram tRe - - ns
NOTES:

1. txc =Read Cycle Time

LOW Ycc DATA RETENTION DIAGRAM

DATA RETENTION MODE
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Device: EPM7L28LCS4
Turbo: ON
Security: OFF
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N.C. = Not Connected.

VCC = Dedicated power pin, which MUST be connected to VIO,

GND = Dedicated ground pin or unused dedicated input, which MUST be connectsd to GHD,
RESERYED = Unused I/0 pin, which MUST be left unconnected,

&



EPM5016
OFF

D ice:
Security:

RES

[ I O
YOO =
Gl =
[

Mot Connected.
Dedicated Uozmw pin,
Csauouﬁma round pin
ERVYED = CJC}E; I/ win

CHMLG
ChML. L
CHMHLZ
CHMHL3

YT

GMD
ERVED
SCLK

GHD
_GMD

which
or
which

LS

v
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MLIST
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ADC~CLK
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ML ~03
GO
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input,
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