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PROJECT SYNOPSIS 

Introduction: 

We are involved in designing and implementing a programmable High 

speed Multi Channel Data Acquistion cum Signal Processing System . The 

B~~fferrd 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 Processo~ the PDSP 16 150 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 BDR is at the top of the hiearchy as far as data flow 

is concerned. The signals in analog domain are digitized and stored in rnemeory 

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 complex 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. 

T' 

A PCIAT 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 phiiaphies in mind, they are: 

(a) To use only a single ultra high speed ADC with a analog 

multiplexer preceding it. 

(b) To use eight medium speed low cost ADCs 

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

megacycles per second with all 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 is programmable3 in the sense that, the user can opt the number of 

channels (lto 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 
r 

programmable flexibility 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. 



ONE 
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1.1 INTRODUCTION. 

Fourier Transform(FT) is fundamental tool of spectl-um analysis used in several 

applications, both commercial and scientific Among its applications 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 transfgrrrm 

algorithms written on high speed, general purpose computer system. In such a case, the cost to 

computation ratio for a general cosputer proves too very uneconomical. In several cases, it 

map be required to obtain spectra of signds in real-time, before recording. However there are 

many applications demanding a throughput raze that cml?ot be afforded by these computers 

and quite often, one needs a dedicated FT processor. 

In red time applications, these devices nay  be used as embedded processors in the 

:age1 circuits and can as well be ivterfaced suitably to work as "accelerators" for general 

purpose computers. Engineers at have developed a flexible Digital Spectrometer 

Card(DSC) to hnction for both of these purposes. ..% 

The genesis of this design is ia part of an ongoing Pulsar instrumentation work. 

-4part from abservation of puisars. the system can be used in a variety of astronomical 

appiications iike the Radio Recombiilai~onzii lines studies. Electron Proton Annihil~ioii  

srudies. a- as a general purpose Spect!-ornzier which i a n  perform long stretches of integraticns 

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

At the heart of the SPECTROMETER is a DSP chip PDSP 165 10. T h s  is a dedicated 

FFT chp. 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 written on , 

to the hard disk. At the same time the integrated fourier transformed output 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 Cigital Domain. Being single channel spectrometer, it 

offers limited resolution. In order to develop a completely independent, multi-channel Digital 
a. 

Spectrornerer, 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 infig(I. I )  

The programmable 8 channel Digitlzel- Chrd has a bank of 8 sample and hold circuits at 

the front eod. for sampling the analog signals it is followed by 8x1 analog rnult~plever whose 

Dept. of E & C Engineering, R.V.C.E. Bangaloro 
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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 Msamplesisec 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 

The BDR is equipped with a double buffer of SRAM memory chips and the necessary 

control logic. Input data is first written into BUFFER-A at the rate programmed by the user 

depending upon the input bandwidth. As soon as the programmed number of points per 

channel have been written, the address counter sends a buffer full signal to the W X  circuits. 

At this point the MUX swaps the buffers. The input data is now written into BUFFER-B 

while BbTiFFER-A will be read by host CPU oi the DSC. The buffers are swapped again 

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

The ALTERA programmable logic development system was used to integrate various 
d 

logic circuits into MAX-7000 and MAX-5000 family EPLDs. In fact we have used 

EPM? 128LC84 (84-pin EPLD), which appertains to the MAX-7000 family while the other is 

EPM50 lh  (20-pin EPLD) of MAX-5000 family. These chips provide a comprehensive cost- 

effective sol~xtion for designs. intensive in cornbirlatorial 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 is excited by supplement of energy either thermal or non-thermal, the 

electrons move to an higher energy 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 
1 

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 obser-wd at decarnetric wavelengths. The operating frequency 

of the GEETEE is 34.5 MHz, with a good usable bandwidth of 2 MHz. The CRRLs at 

J 

these frequencies correspond to high principal quantum numbers around 574a, with typical line 

widths of the order of IkMa. Within the observational bandwidth of GEETEE 12 of these 

CRRLs can be observed.[please 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 resolution of the Spectrometer for 2 MHz bandwidth with 1024 

points FFT it turns out to be 

ResoPutisn --- 2 MHz / I024 = 1953.12500 Hz 

The resolution obtained is cieariy inadequate for useful observations. In order to 

improve the resolu~ion, we have hit Lipon the novel idea of splitting the 2 MHz bandwidth into 

8 separate bands each of bandwidth 250 'kHz and then pelforming a 1024 point FFT on each of 

them. This will improve the Resolution, by a factor of 8 and the resolution would now be 
a: 

Resolution = 250 kHz ! 1824 = 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 DPGITHZER CARD. 

The design dogma is now dictated by the reductio ad absurdurn 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 high speed ADC with a analog multiplxer. 

(b) To use eight medium speed ADG :vith a digital multiplxer. 

The block diagram of the two designs are shown in Bg(2.1). Comparing the two 

design philosophies, we will come to ltnow that design (a) is cost effective and simple in terms 

of circuitry. The reasons are obvious, when one iooks at the two designs. 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 need a 8-bit 8:l Digital Multiplexer for design (b) 

The Digital Multiplexer may not be available or may be too expensive. A11 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 BI-JFFEmD DATA ROUTER. 

The BDR fbrnishes 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" command to the S/H circuit we are actually sampling 8 input 

analog signals appearing at 8 input channels. After digitizing we obtain- a serial output of 8 

data points, each of which corresponds to 8 channels in sequential order. It is quite evident 

that we cannot send these data words directly to DSC, because iyiividual data points do not 

have any correlation with each other as they are from different channels. There is one way 

out of this bottle neck, that is by storing the data temporarily on some storage device and then 

throughputting the data in contiguous blocks to the PDSP chip. Therefore we are making use 

of a memory (SIL4M) 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 = 

8 192 data points. Inevitably we need a 8K RAW1 chip to accommodate this data. 

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

possible on a RAM chip, we are lefi with a choice of using two 8K RAM chips(of course. we 
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could use Dual-Port RAM, but the control circujtry 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 8 192 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 hrnish this data to DSP Simultaneously we can continue to 

write fresh data into the second RAM chip. Ui-ider this circumstance the PDSP chip sees a 

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

h p t .  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: 

Sample and Hold circuits 

Analog Multiplexer 

Analogto Digital Converter 

Sample and Hold circuit: 

The signals from all the 8 channels are sampled at the same instant of time. The SIR 

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 frequency will be 500 kHz So the 

time interval between two samples is 2psecs. In this time period the ADC will have to digitize 

all 8 channel outputs starting from the first channel through the last channel in sequential 

J 

order. Hence there will be 0.25pseconds for each channel to be digitized. The S/H on the 8th 

channel will therefore, have to hoid its output for 1.75pseconds. We have chosen AD9100 for 

sampling the analog signals, which has a typical droop rate of 1 mV/ps. The droop in output 

voltage of the last Sh-l is 175rnV. The resoluticn of the -ADC used (AD773) is 0 97mV So a 

change of 1.75mV at the S/H o u t p ~ t  wil! iead to an approximate change of 2 blrs in the 

digitized value of the 4 D C  ourpur. This 

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

the S/H circuit is as shown in the -fiK (3. / a  & h). Further details of the S/H AD9 100 can be 

found in Appendix D. 

Analog Multiplexer: 

The Analog MUX will have to switch all the eight outputs of the S k i  circuits to the 

ADC for digitizing before the arrival of the next sample pulse. This gives it an interval of 

0.25pseconds 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 infrg(3.2a & 

h). 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 SM 

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 thr~ughput rate of 18 MSPS ADC with a on board track and hold 
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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 (1 Vl(1024) 

Resolution = 977.4 pV. 

With a conversion time of 5 . 5 5 ~  10-08, this ADC is ideally suited for specifications 

imposed by the Digitizer card. The schematic of the h n C  and it's PCB layout is shown i n j g  

( 3 . 3 ~  ' b). Further details regarding AD773 can be obtained in Appendix D. . 

Dept. of E & C Engineering. R.V.C.E. l3angalot-o 
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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 Data Router 

Cfig('.-l)), 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 5 12 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 nth clock pulse, the digital output 

from ADC is from channel x (say), then at the (n+l)th clock pulse the digital output is from 

(x+l)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 infrg (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 ikB 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 
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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 Date 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. 

Dept. of E & C Engineering. R.V.C.E. Bangalore 
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The inputs to the sequencer circuit are as follows: 

*number of points 

*number of channels 

*enable 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 infig(3.6). The sequencer circuit 

itself can be categorized as: 

a) Address Generator dnd 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 13 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. 

Dept. of E & C Engineering, R.V*C.Ew Bangalore 
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(a) Write Address Generator: 

As explained earlier, the memory is divided into eight 1 kB blocks and each lk block is 

for holding data from one channel. Two consecutive outputs of ADCs are from two different 

channels. They need to be stored into their respective l k  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 points from all N, channels it will have to switch to 

switch to first lk  block and point to next free location in it. The sequence of write address 

generated is shown infrg(3.7) 

To achieve this the write address generator is divided into 2 parts a 3 bit counter and a 

10 bit counter. Both these counters are programmable. The number of points 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 1 024 at every 

clock pulse. After being through with all the channels, this counter is reset. This reset pulse a 

clocks the 10 bit counter and is incremented by one, thereby pointing to next location in the 

memory of the first 1 K block. 

The write address generator circuit is shown in the overall circuit diagram. Refer 10 

/jg{'3- 9) 
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fi) Read Address Generator: 

The data stored in the memory has to read out sequentially into the FFT card. All data 

points stored in one i k  block, which corresponds to the data from one channel. are read first 

before going over to the next l k  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 l k  block. 

The sequence of read address generated is shown infrg(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 incremented 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 1kS block. 

The read address generator circuit is shown in the overall circuit diagram. Refer rofig(3.Y) 

k 

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 statusL 

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 : 

Memory address clock: clock for the memory address generators. 
II 

* 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 infig(3. IO). 

Clock for Memorv 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 geilerating 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. 

b p i .  of E & C Engineering, R.VsCaEm Bangalore 
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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 inBg(3. I I). 

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 

BUF-OE: It is used to control the output of the buffer When BUF-OE is low, 

output of the buffer is enabled and with BUF-OE high, the output is 

tri-stated. 01 

RAM-OE: This signal enables the 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. 

RDIWR: 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 RDNR and - 0 E  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 WE1 and WE2 are discussed below 

briefly: 

WE1 = 0 and WE2 = I:  With WE1 = 0 AND1 is disabled and AND2 is enabled. 

The output of the XOR2 will be same as the pulse given to AND1 (since WE]=O). 

The output of the XORl will be continuously high (WE2 = 1). 

WE1 = 1 and WE2 = 0: With WE1 = 1 AND1 is enabled and AND2 is disabled. 

The output of XORl will be pulsating and output of XOR2 will be in high state 

continuously. 
k 

- The RD/WRl and RD/WR2 signal are also used to control the output of SRAMl and 

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  ene era tors: 

There are three signals that the digital control circuits have to provide the analog part 

of the circuit with, namely: 

ADC clocking 

Analog MUX selection 

Sampling clock for sample and hold circuits 

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

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 MVX 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 
d 

the sample and hold circuits for putting them into the hold state. It is generated at the of 

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

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

The memory bank consists of two HY62C2561L ICs which are 32,768 word by 8-bit 

CMOS Static RAMS, of which only 8k have been put to use. The HY62C256L has a typical 

access time of 10011s. The need for two such devices has been explicitly explained in previous 

chapters. Further details about HY62C256L 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 I1 are in Appendix C and then simulating its fbnctioning. 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 -L PLUS-2 is then used to run a simulation of this file. The simulated outputs are 

obsen-ed 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 
IC 

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 

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

The buffered data router being developed is a prototype board. It is therefore first 

implemented on general purpose PCB. This would help us make modifications, if necessary, in 

case 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. 

R 

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 also 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 BDR CARD is a 48 line 110 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: 1 1 for loading number of 

points, 4 for loading number of channels, one line for sending the enable pulse at the time of 

initialization 

Initializing the BDR and configuring the ports of I10 card .is accomplished by a 

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

iC- _ <- 

I 

1 -  - - %  J s - .  

The program itself is user friendly and:linteracti~e. ~he'tasks of initialization, acquisition 

and browsing of acqujred data have been mqde very simple with self.explanatory menus. 

I, 

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 I10 card. 

With write address being incremented by 1024 at every clock pulse (while the test 
I 

counter is incrernented by I) ,  2 different nukber is written into each 1 kB block of the 8 kB 

memory. The numbers stored adjacent memory block will therefore differ by one. The data 

stored in memories are read out sequentially. Thereby reading all the number stored in a l k  

block before going over to the next ( l k  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 

is shown infrg(4. I). 

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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# i n c l u d e  <stdio.h> 
# i n c l u d e  <cania.b> 
# include tdos, h> 
# include < t i r n e . h >  

# d e f i n e  'I'HUE - 1 
# define FALSE 0 

s t a t i c  i n t  arr[81Y2],tL~g=1,Lt1ag=FALSEgpjunk=0,col,temp; 
u n s i g n e d  i n t  psint;s=1025,ternpgaints,chanls=9; 
unsigned int by te_X=Ox00f f ,by te-2=#x000f ; 

v o i d  main() 
i, 
c i r - s c r ( ) ;  
accept-pts-chnls( ) ; 
ioad-card( ) ; 
acqu i re-da t a (  ; 
save-Tilei); 

,*-------------------- a,-ceptjts-chnXs() ---------------------- */' 
a c c e p t p  t s c h n l s ( v o i d )  

while (po in ts  < O p o i n t s  > 1024) 
I 
gotoxy(21,ll); 
p r i n t t ( " ~ n t e r  the no. o f  p o i n t s  [Max-10241 : " ) ;  
scant("%4d",&points); 
1 

t e m p p o i n t s = p o i n t s ;  

while (chanls < O I chanls > 8) 
I 
goloxy(%5,11) ; 
printf("~nter n o ,  o f  c h a n l s  [ ~ a x - 8 )  : "1 ;  
scanf ( "%ldl' , $ c h a n X s ) ;  
1 



by te - l zby te - l  & p o i n t s ;  
byte-2-byte-2 & chanls;  
byte-2-byte-2  < <  3 ;  
points=points > >  8 ;  
byte-Zzbyte-2 ' I  points; 
gotoxy(22,4) ; 

, l f l a g  = TRUE; . - 

r e t u r n ;  
1 

/*------------------------ LOAD C A W ( )  -----------I-------,----- */ 
load-card(void) 
{ 

j* port addresses  
P U K ~  G -- OXGOO 
PORT B - -  0x601 
P U R l  C - r  0x602 
CUNTROL PUNT' 0x603 

*/ 
outportb(Ox6OS,Ox80); /* conf igure  all t he  

ports o f  8255 as ou tpu ts  */ 
delay(1) ; 
outportb(0x6O2,0xO0); /* i n i t i a l l y  make k N  low */ 
dslay(1) ; 

on tportb(Ox600. by te-1) ; /* o u t p u t  n p i n t  and n c h n l  
t o  t h e  card.  */ 

deiay(1) ; 
/* PA7 P A 6  PAS P A 4  P A 3  P A 2  P A 1  Pa0 */ 

outpor tb(0~601,byte-2) ;  /* 7 6 5 4 3 2 1 N P ~ N T O  */ 
delay(l) ; 

/* PB7 PB6 PB5 P84 P 8 3  P82 P 8 1  P80  */ 
1% 3 2 1 CHNLO 10 9 N P l N T B  */ 

outportb(ox602,#xff); /*  n o w  make EN h i g h  */ 
delay(l) ; 
re tu rn ;  

1 
/*--------L-,---,-,---- END FUNCIXUN LOGOCARD */ 



int s; 

outportb(0~602,0~00); /* make EN low */ 
delay(1) ; 

. ~ o ~ ( s = o ; s < ~ ~ Y ~ ; s + + )  
C 

whiie(inportb(0~6o6)==0); 
arr[s]=inportb(0~604) ; 
if(s%l~o~;o) 

cprintf ("%cl' ,219) ; 
while(inportb(0~606)!=0); 

1 
r e t u r n ;  

,*-------------------- END O F  F'UNCI'1ON ACQUPREDAPA -------I--- */ 
/'x ------------ UDF : Saves data acuired from memory ---------- *\ 
save-? ileivoid j 3 

C 
auto i n t  h; 
F l L k  Wpt r ;  
tptr = fopen< "sample.dat", " w "  j ;  
cprintti" Downloading data from SYSTEM RAM " 1  ; 
gotoxy(l~,14j; 
cprintf ( "  to a new file SAMPLE-DAT , 

'I 1 ; 
gotoxy(l9,15); 
cprintf ( "  Please wait..,,,, " ; 
tori h=0; h<:819l; h++) 

fprintt(fptr,"%d ",arr[hj); 
if((h+l)%tempsoints;.O) fputc('\n',tptr); 

1 

return; 
1 /'* .......................... END ---------------I----------- 
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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 @RS) as shown infig(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 is stored in the memory of the PC, which can bedown 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 is 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. 
a 
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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 is 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.1t can 
"2 

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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The Gauribidanur Radio Telescope is of the ARRAY type operating at 34.5 MHz center 

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. 'I 

Such basic array elements, numbering two hundred and fifty are arranged to form a 1.38 

km long EW array along the East West direcrion. Similarly ninety basii array elements are 

arranged to form a 0.45 km long south array along the south direction from the center of the 

EW array The signals from the basic array unks 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 

30 Jansky 
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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 (va) and 

the resulting frequencies(9)are less with many falling below 100 MHz. 

The twelve CRRLs are listed below; 

S1. no. Orbital Quantum Number ' n ' Frequency in MHz 

35.43389892' 

35.24821 929 

35.06383442 

34.88043395 

34.69890580 

34.5 1458867 
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The above frequencies were calculated using the below formula; 

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

where 'n' is the orbital quantum number. 
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MAX + PLUS AND EPLD 

MAX+PLUS - the MAX programmable logic user system from Altera Corporation is a 

"fblly 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 
u 

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 rneet 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 hndamental 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 I/O pin to be configured as input, output, or 

bi-directional operation. 
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The logic array consists of a programmable ANDIfixed-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 VO 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 110 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 UO control block contains a tri-state buffer controlled by a ,macrocell 

product term and drives the 110 pin. UO 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 EPM5000 series come under this group. The second group are the fbnction 
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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. 
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Video Multiplexer 

FEATURES 
34MHz Full Power Bandwidth 
*O.ldB Gain flatness to 8MHz 
75dB Crosstalk Rejection @ lOMHz 
0.05"10.05% Differential Phaae/Gain 
Cascadak for Switch Matrices 

APPUCATlONS 
Video Routing 
Medical Imaging 
Electro-Optics 
ECM Systems 
Radar Systems 
Data Acquisition 

GENERAL D E S ~ O N  
The AD9300 is a 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 bemuse-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 swi tch ing  

capabilities while maintaining crosstalk rejection of 75dB at 
1OMHz. F d  power bandwidth is a minimum 30MHz. The 
device can Ix operated from + 10V to + 15V power supplies. . 
The AD9300KQ is packaged in a 16-pin ceramic DIP and is 

,) designed to operate over the commercial remperature range of 
0°C to + 70°C. For military temperatures of - 55°C to + 12S°C, 
order part number AD9U)(ITQ, which is also a 16-pin ceramic 
DIP. In addition to DIP packages, the AD9300 is also available 
in a' 20-pin LCC as the model AD9300TE, which operates over 
a temperature range of - 55°C to + 125°C. 

- vs GROUND +vs BY;ASS 
RETURN 

AD9300 Functional Block Diagram 
(Based on Cerdip) 

i ORDERING INFORMATION 

.. 
OUTPUT 

Device 

AD9300KQ 
AD9300TQ 

Information furnished by Analog Devices i s  bel~eved t o  be acxurete 
and reliable. However. n o  responsibility is assumed b y  Analog Devices 
for i ts urn; nor  for any infringements of patents or other rights of third One Tbchndqy Q- Box 9106; Norwood* MA 02062-9106 U-S-A- 
parties which mev m u t t  frorn'its use. No license is  grtttlttm by irnplica- r3:617/329-5700 Twn:-l1C/39+65?7 
t ion or  otherwiw under any patent or  patent rights o f  Analog Dev:c&. T A X :  925.591 Cables: ANALOG NORWOODMASS 
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Temperature 
Range 

0 to + 70°C 
- 55°C to + 125°C 

Description 

I &Pin Cerdip, Commercial 
16-Pin Cerdip, Military Temperature 

hD9300TE - 55°C :a e 125°C ! 20-Pir l.CC, Military Tunpcrature 
- - L - I 



SPECIFICATIONS 
- - - - - - - - - - - ---  - - - - - - - - - - . - - 

ABSOLUTE MAXIMUM RATINGS' Output Current 

Supply Voltages ( + Vs) . . . . . . . . . . . . . . . .  + 16V 
Analog Input Voltage Each Input . . . . . . . . . . . .  2 3.5V 

(INI thru IN4) 
Differential Voltage Ektween Any Two 

Inputs (IN, thru IN4) . . . . . . . . . . . . . . . . . . .  5V 
Digiral Input voltages (b, A ~ ,  ENABLE) . - O.SV to + S.SV 

sinking . . . . . . . . . .  
Sourcing . . . . . . . . .  

Operating Temperature Range 
. . . . . . . .  AD9300KQ 

. . . . .  AD9300TQfI'E 
Storage Temperature Range . 
Junction Temperature . . . .  

. . . . . . . . . . . . . . . .  Led Soldering ( l k c )  + 300°C 

ELECTRICAL CHARACTERISTICS (*v, = *in * ~ % ; ~ , = I o ~ F ; R ,  =zm.unknomawbs'mtedj 

Input Offset Voltage Full V1 1 14 2 ,3  ' I  1 8  mV 
Input Offset Voltage  rift' Full V ' 1 8 3 '  , pVPC 
Input Bias Current t 25°C I 1 . I S  37 pLj 

Full 
VI 1 55 2,3 Input Bias Current 5 5  FA 

Input Resisrance . +25"C V hil l  
Input Capacitance +21°C 1 V 

1 ; PF 
Lnput Noise Voltage (dc to 8MHz) + 25°C V , I p V m s  

I ---t--------- 
TRANSFER CHARACTERISTICS I I 

Voltage Gain4 1 I VIV 
Voltage cain4 2,3 0.985 ' LrJV 
DC ~ i n c u ~ t ~ ~  1 w0 

I Gain Tolerance (\ 'I ,  r 1 V) 
dc to ~ M H z  / + 25°C I I i 0.05 i 0.1 4 1 1 0.05 ! 0.1 i dB 
5MHz to 8MH7 ' t 25°C I I 1 0 . 1  1 0 . 3  4 I I 0.1 0.3 1 dB 

Small-S~gnal Bandwidth , t 25°C V 3 50 I ; 350 I MHz I 

(VIN 100mYp-p) 
Full Power l3andwicirhb 

WIN 2V PP 
Output Swing 
Output Current (Smhng ( ( I  25°C) : 5 
Output Rcsistancc 

- - - - -. - -- - 
DYNAMIC CHARiCTERISTICS 

, 
I 

Slew  are' I V:ps 
Settling Tlme ! I 
(toO.lO/~on -t 2VOurput) 

Overshoot 
To ~ - s t e p "  I 

~ d ~ u l s e ~  10 1 

Differentla1 Phase '" 
Differenual <;am '" 
Crosstalk Rejection I 

Three Channels' ' t25"C I 75 I 4 
One channeli2 

([HIGH: 
A~ input ~ o ( : h a n n c l ~ . O ~  ~ l r n e "  + 2 5 T  1 

 LOW) 
Enable to Channel O N  1'lme" t 25°C 1 / 30 ' 40 a nr 

( 4 ) ~ )  I 

Enablc 1 0  Channel OFF I irnr ' - 
( ~ , F F ?  

Switch~ng I ran\lcntl' 
-- - - - - - , 

Panmeter (Conditions) 

INPUT CHARACTERISTICS 
Input Offset Voltage 

Units 
Military 
~ u b ~ r o u ~ '  Temp 

+2S°C 

Test 
Level 

I 

MILITARY 
- 55'C to + 12S°C 
AD9300TQm 

Mi. 1 Typ I Max 

1 

COMMERCIAL, 
0 to + 70°C 
AD9300KQ 

I 

M u  

10 

Mi. Typ 

3 



COMMERCIAL 
Oto +7m 
AD93OKQ 

NOTES 

I I Test I I Military I 

I I 
Parameter (Conditions) 

- 
! Temp , Level / Min Typ I i ~ u b g o u ~ '  Min ! Typ ! M u  : Units 
. ' b  +- -.- - + - -  - t- --b---- --__-_ I DIGITAL INPUTS I 

Logic " 1 " Voltage f Full / VI ' 2 , 1,2,3 2 V 
Logic "0" Voltage Full , VI i 0.8 1,2,3 0.8 V 
Logic " 1 " Currcnr FuH I VI I I ' 1,2,3 5 PA 
L o g ~ c  "0" Currcnt : Full I VI 1 I 1 , 1,2,3 1 

'~ermanent  damage may occur ~f any one absolute maxlrnum ratlng 1s exceeded h c t l o n a l  operation 1s not ~rnplled, 
and devlce reliabiltty may be ~mpatred by exposure to higher-than-recommended voltages for extended perrods of tune 

' ~ i h t a q  Subgroups apply to rnll~tary-qual~fied devlces only 
' ~ e a s u r e d  at extremes of temperature range 

) 4Masured as slope of V,,, , versus V,, with V,, + IV 
sMcasured as worst deviation from end-point f i r  with VIV 1V 
6Full Power Bandwlth* (FPBW) based on Slew Rate (SR) FPBW SRi2rrVpFAK 
'~casured  between 20940 and 80% transltlon polnts of + 1V output 
7 -S tep  - S ~ ' X  Step, when Step between OV and + 700rnV polnts has 10°/o-to-9096 nsetlme - 12511s 
'~easured  with a pulse lnput havlng slew rate >25OV/ps 

10Mcasurcd at output between 0.28Vdc and 1.OVdc wlth V I N  - 284mV p-p at 3.58MHz and 4.43MHz 
I1Thn speclficatlon IS cr~tlcally dependent on clrcult layout Value shown IS measumi wlth selected channel grounded and lOMHz 2V p p  signal 

applled to remalnlng three channels. If selected channel I \  grounded through 7511, value IS approx~rnately 6dB hlgher 
" ~ h l s  spcclficatlan is crltlcally dependent on clrcu~t lavout Value shown IS measured wlth selected channel grounded and lOMHz 2V p-p slgna] 

applled to one other channel If selected channel IS grounded through 7512, value IS approxlmarelv 6dB hlgher 
1 4 ~ o n s u l t  svstem tlmlng dlagram 

) "Measured from addre,, change to 90% point of - 2V to + 2V o u t p u r ' 1 . O ~ - r o - ~ ~ ~ ~  trrnslrlon 
"~easured  from addresh change to 10% pc)tnt of + 2V to 2V output HIGH-to-LOW translrlon 
Ih,\\easured from 50"/0 rransltlon point of ENABLE Input to YO"/" rrdnstrlon of OV to - 2V outpur 
' 13-icasured from 50% transition p l n t  of ENABLE input to 10% transition of + 2V to OV output 
'WJMeasured whlle swltchlng between two grounded channels 
'vMaxlmurn power dlsslpatlon IS a package-dependent parameter related to the following tvplcal thermal impedances 

16-Pln Ceram~c HI, 8 7 W ,  Bj( 2S0C/U' 
20-Pln LCC HI,+ 74"C/W, Hj( IO0C/W 

Speclficarions subject to change without notice. 

-- - -- - - t t- 

- -- - - - - - - - - - - - -- - - --- - - - -- -- --- / EXPLANATION OF TEST LEVELS 

POWER SUPPLY 
Positive Supply Current ( + 12V) I + 2S°C 
Positive Supply Currcnt ( + 12V) 

I 
Full 

Negative supply current ( - 12v) + 25% 
Negative Supply Current ( - 12V) Full 
Power Supply Rejection Ratio Full 

- & - - c  - -  * - 
PA 

--- - - - -- ---- 
I 

I Test 1.evel I - 100% product~on tested. 
Test Level I1 - 100?/0 production tested at t 25"C, and samplclested at specified temperatures. 

I 
I Test I.evel I11 - Sample tested only 

rest I-eve1 IV - Parameter is guaranteed by design and characterization tesrlng. 
i Test Level V - Parameter is a typical value only. 
' -rest 1,evel VI - All devices are 100"/0 production tested at 25°C. 100% production tested at temperature extremes for 

I mrlitary temperature devices; sam$le tested at temperature extremes for commerciaUindustrial 

I devices. 
- - - -- . - - --- . -- - . . - - -- -I 

13 
13 
12.5 
12.5 
75 

306 

- - - . - . . - .. - - - - - - - - - - - - -- - - - r EXPLANATION OF GROUP A MILITARY SUBGROUPS 
I 

f 
1 1 

i Subgroup 1 - Static tests at t 25°C. I 

VI 
1 
VI 
VI 

fb I 1 13 16 mA 
16 12,3 ' 13 16 mA 

( 2 V s  = 2 12V 2 5 % )  I 

Subgroup 2  
Subgroup 3 
Subgroup 4 
Subgroup 5  
Subgroup 6 
Subgroup 7 
Subgroup 8 
Subgroup 0 

Subgrttup 10 
Suhproup 1 1  
Subgroup I L 

67 

1s 
16 

Power Dissipation ( 2 12~)'~ 1 +25T 
- - - - .- -- - 

(5% PDA calculated agalnst Subgroup 1 for hlgh-re1 versions) 
- Statlc tests at mammum rated temperature 
- Statlc tests at rninlmum rated temperature 
- 1)ynarnlc tests at t 25°C 
- Ilynarnlc tests at rnaxlrnum rated temperature I 

- Oynamlc tests at mlnimum rated trmpcraturr 
- 1:unctlonal tests at t 2 5 ° C .  
- 1:unctlonal tebts at maximum and minimum rdrcd tempcraiurcs i 

- Swltchlng ae\ts at t 2 5 ' ( :  
- Swltch~ng tcsts d i  maxlmurn rated tempcrdturc I 

- \w~tchlng re\[\ ai minlrnum rated tcmpcrJrurc 
I 

- I'crltdlcally sample tcsted. 

V 

1 1 12.5 i 1s / rnA 
2,3 12.5 / 16 ' mA 
1,2,3 67 / 75 dB 

mW I 

I 
306 



AD9300 BURN-IN DIAGRAM 

lk' '  - 1 ENABLE A ,  s, INPUT . + 2 0 V  

-,+2 4V 

GROUNO 
OUTPUT 

+ 0 4 V  

I +V, BYPASS -Vs 

Of'TlOIYXl I S T A X ) § ,  = -2.W:q r + Z W  
D . = D , = + 2 4 V ; & = W  

0PT)ON #2 IDYNAMCI SEE WAVLfORMS 

ALL RESISTORS r 5% 
A U  CAPACITORS * 20% 
A U  SUPPLY VOLTAGES r 5% 

PIN DESIGNATIONS 
DIP LCC 

GROUND 3 
IN' 8 

METALIZATION PHOTOGRAPH 

IN. IN, IN, I N ,  

?F, 
(Not to Suk) 

MECHANICAL INFORMATION 

ENABLE GROUND 
R E T U R N  

18 +Vs 

17 GROUND RETURN 

14 GROUND 

15 ENABLE 

M I ,  

Die Dimensions . . . . . . . . . .  84 Y 104 .: IS (max) mils 
Pad Dimensions . . . . . . . . . . . . . . .  4 4 (min) mils 
Mctalization . . . . . . . . . . . . . . . . . .  Aluminum 
Backing . . . . . .  . . . . .  . . . .  None 

. . . . . . . . . .  . . . . . . . . .  Substrate Potential - v s  

Passivation . . . . .  Oxynitride 
Die Attach . . .  (;old Eurectic 
Bond Wire . . 1 25 mil, Alurnlnurn,  Ultrasonic Bonding 

o r  1 ~ 1 1 1 ,  Gold; Gold Ball Bonding 

SUGGESTED LAYOUT OF AD9300 PC BOARD 

OUTPUT 

BYPASS 

+ v. 

GROUN 

ENABLE 

k 

A? 

- ve 

(Bottom View- Not to Scale) 
Componentside Should be Ground Plane 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm) 

ldPin Cerdip (Q)  Package 

NOTES. 
LEAD NO. 1 I D E m E D  BY DOT OR NOTCH. 
LEADS ARE SOLDER-DIPPED OR TIN-PUTED KOVAR OR AUOY U. 

20-Pin LCC (E) Package 
&OQ r0.018 

8 " o~~ 271 B O r r W  VIEW 
0 2 0 x U '  

I0 s: x U'I 



FUNCTIONAL DESCRIPTION 

IN, -IN, Four analog input channels. 
GROUND Analog input shielding grounds, not internally connected. Connect each to 

external low-impedanceground as close to device as possible. 

A0 One of two TTL decode control lines required for channel selection. See 
Logic Truth Table. 

A I One of two TTL decode control lines required for channd selection. See 
Logic Truth Table. 

ENABLE TFLcompatiblt chip enable. In enabled mode (logic HIGH), output signal 
tracks selected input channtl; in-disabled mode (logic LOW), output is high 
impedance and no signal appears at output. 

- vs Ncgative supply voltage; nominally - 1 OV dc to - 1 5V dr- 
+ vs Positive supply voltage; nominally + 10V dc to + 15V dc. 
OUTPUT Analog output. Tracks selected input channel when enabied. 
BYPASS Bypass terminal for internal bias line; must be decoupledarrernally 

to ground through 0.1 pF capacitor. 
GROUND Analog signal and power supply ground return. 
RETURN 

I I LOGIC TRUTH TABLE 1 

HlGH 

ENABLE 
LOW 

IN, = IN, = - 2 VOLTS 
IN, = IN, = + 2 VOLTS 

( A D9300 Timing 

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

HIGH 

LOW 

HIGH 

A, 50°/o 

As shown on the drawing, 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 rxtra,pins are used for ground connections; the 
theory of operation remains the same. 

90% 90% 10% 
LOW 

90% 
IN3 IN, 1 

r + 2v 
OUTPUT IN, 

IN, GND 
1 '- 2v + +--+ ---C- ---C + 

I I I I 

Ao 

The AD930 Video Multiplexer allows the user to connect any 
one of four analog input channels ( IN,  - IN4) to the output of 
the device, and to switch between channels at megahertz rates. 

150% 

The input channel which is connected to the output is determined 
by a 2-bit TTL digital code applied to A. 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 impedan~e. Necessary combinations to accomplish 
channel selection are shown in !he Logic Truth Table. 

Hipolar construction used in the AD9300 insures that the input 
impedance of the device remains high, and will nor vary with 
power supply volragcs: 'This charactr.ristic makes the AD9300, 
in effect, a switchablc-input buffer. A n  on-board bias ncrwork 
makcs the prtvrmanic u i  rhc AI)Y3(H) indepcndcnt of' applieci 
supply voltages, whlih <;ill h;ivt' ;inv nominal valuc from _+ IOV 
CIC 10 L I FV 'Ic.. 

AIthough 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 
h;is exceptional performance when switching video signals, but 
can also be used for switching other analog signals requiring 
greater dynamic range and/or precision than those in video. 

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

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

The operation of the outpur stage 1s similar to that of the inpur 
stages. Whenever the output stage is enabled with a HIGH 
digital " 1 " signat at rhc ENr\RI,E pin ,  rhc outpur rransisror wili 
carry current ;tnd pass the sclccrcd analog input. 



- v, 
INPUT 

- v a  

OUTPUT 

Figure 7.  Input and Outpu! Equivalent Circu~ts 

%'hen the ourpur srage is disabled (bv virtue of [he ENABLE 
pin h l n g  drivcn I,O\Xr with a digital "O"), the outpur current 
switch is opcncd. This rourcs rhc current to othcr clrcuirs within 
rh; A119300 which keep rhc outpur transistor biased .'OW'. 
.I'hcsc circuirs rcquirc approximarcly 1 p.4 of bias current from 
thc load c~nnt 'c tcd to the output of thc multiplcxcr. In thc 
.absence of' a terminaung load and the resulting dc bias, the 
output of [he AD9300 "floats" ar - 2.51'. 

/ In summary, when the AD9300 IS enabled by the ENABLE pin 
being driven HIGH wlth a digital " I " ,  the selected analog input 
channel acts as a buffer for thc input; and the outpur of the 
multiplexer is a low impedance. When the AD9300 is 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 i m m a n c e .  This characteristic allows the user to wire-or 
several AD9300 Analog Multiplexers together to form switch 
matrices. 

AD9300 APPLICATIONS 
To ensurc optimum pcrformancc from circuits using the A D9300, 
it is important to follow a few basic rulcs which apply ro all 
high-sped dcviccs. 

A large, low-impedance ground planc under the A119300 is 
cnrical. Gcncrally, (;ROUND and G R O U N D  RI;'TURS con- 
nections bhould be connected solidly to t h ~ s  plane. GROUND 
pln connections arc s~gnal  isolation grounds which are nor con- 
nected inrcrnally; they can bc left unconnected, but there may 
he some degradation in crosstalk rejection. GROUND RETURN, 
on the othcr hand, x rves  as the internal ground reference for 
the AD9300 and should be connected to  the ground plane mithou[ . 

except;on. 

It is recommended that the AD9300 be soldered directly lnto 
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 supplv and 
inrernal bias supplv lines from ground to improve noise immunity. 
C h ~ p  capacitors arc recommended for connecting 0.1 pF and 
O.01pF capaclturs between ground and the 2 V, suppl lo  
(1'1ns 9 and 14), and rhc BYPASS connection (Pin 15). 

The output srage of the unlt is capable of driving a 2kl2,lOpF 
load. Larger capacative loads may limit full power bandwidth 
and increase (the interval between the 50% point of rhe 
ENABLE high-to-low rransition and [he instant the output 
becomes a high impedance. 

For applicarions such as driving cables (See Figure 2). ourput 
buffers arc recommcncicd. 

DiGCTAk 

ICERDIP PINOUTS] * 
Figure 2. 4 x 7 AD9300 Multiplexer with Buffered Output 
Driving 75/2 Coaxial Cable 



1 
ANALOG 
DEVICES 

Ultrahigh Speed 
Monolrthic Track-and-Hold 

FEATURES 
Excellent HoM Mode Distortion 

-88 dB @ 30 MSPS (2.3 MHz V,,) 
-83 dB @ 30 M P S  (12.1 MHz V,,) 
-74 dB @ 30 MSPS (19.7 MHz V,,) 

16 ns AapisWn Time to 0.01% 
<1 ps Aperture Jitter 
250 MHz Tradting Bandwidth 
83 dB F e e d t h w h  Rejection @ 20 MHz 
3.3 n ~ l *  Spectral Noise Density 

APPLICATIONS 
AID Conversion 
Direct IF Sampling 
ImagingIFUR Systems 
Peak Detectors 
RadarIEWlECM 
Spectrum Anatysis 
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 mature 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 n ~ / d E  and feedthrough rejection of 83 dB 
at 20 MHZ, the AD9100 is well suited to enhance the dynamic 
range of manv 8- to 16-bit systems. 

AD9100 BLOCK DIAGRAM 

a K C U (  

The AD9100 is "user friendly" and easy to apply: (1) it requires 
+ 5  VI- 5.2 V power supplies; (2) the hold capacitor and switch 
power supply decoupling capacitors are built into the DIP 
package; (3) the encode clock is differential ECL to minimize 
clock jitter; (4) the input resistance is-typically 800 kfl; (5) the 
analog input is internally clamped to prevent damage from volt- 
age transients. 

The AD9100 is available in a 20-lead side-brazed "shnny DIP" 
package. Commercial, industrial, and military temperature grade 
pans are available. Consult the factory for information about the 
availability of surface mount packages and 883-quahfied devices. 

PRODUCT HIGHLIGHTS 
1. H d d  Mode Distortion is guaranteed. 

2. Monolithic construction. 

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

4. Output is short circuit protected. 

5. Drives capacitive loads to 100 pF. 

6. Differential ECL clock inputs. 

'Patent pending. 

Information furnrshed by Analog Devices is believed to be accurate and 
relrable. However, no responsibility is assumed by Analog Devices for its 
use; nor for any lnfrlngements of patents or other rights of third parties OneTechnology Way. 9106e Norwood# MA 02062-9106n u.S-A. 

which may result from its use. No license is granted by implication or Tel: 617/329-4700 Fax: 6171326-8703 T w x :  7101394-6577 
otherw~se under any patent or patent rights of Analog Devices. Telex: 924491 Cable: ANALOG NORWOODMASS 



ABSOLUTE MAXIMUM RATINGS' 
. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  Supply Voltages (+V,) -t6 V Junction Temperature + 175°C 

. . . . . . * . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  Continuous Output Current 70 mA Storage Temperature -65°C to + 150°C 
. . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  Analog Input Voltage2 2 5  V Lead Soldering Temperature (10 sec) + 300°C 

ELECTRICAL CHARACTERISTICS (un~ess cthemise noted +v, = +5 V; -v, = -5.2 V; R,, = 100 R; R,,, = 50 R) 

TRACK-TO-HOLD SWITCHING 
Aperture Delay 
Aperture Jitter 
Pedestal Offset 

Transient Amplitude 
Settling Time ro 1 mi. 
Glitch Product 

- - - - - -- 
HOLD-TO-TRACK SK'ITCHING 

Acquisition Time to 0.1% 
Acquisition Time t o  0.01'4) 
r\cquisition 'Time to O.Ol'Yi 

Parameter 

DC ACCURACY 

25°C 
25°C 
25°C 
Ful! I Full 

1 Full 
/ 25°C. 

- +--- 

25°C 

Conditions Temp 

PS 
PS 
mV 
mV 
mV 
ns 
pv-s 

Gain 
Offset 
Output Resistance 
Output Drive Capability 
PSRR 
Pedestal Sensitivity to Supply 

ANALOG INPUTIOUTPUT 
Output Voltage Range 
Input Bias Current 

Input Overdrive CurrentJ 
Input Capacitance 
Input Resistance 

CLOCK/= INPUTS 
Input Bias Current 
Input Low Voltage (V,,-) 
Input High Voltage (V,,,) 

TRACK MODE DYNAMICS 7 - I  

Test 
Level 

Mil 
Sub 

AV,, = 2 V 
V,, = 0 V 

AV, = 0.5 V p p  
AV, - 0.5 V p-p 

VI 
VI 
V 
VI 
VI 
VI 

VI 
VI 
VI 
V 
V 
VI 
VI . 

VI 
VI 
VI 

F& 
Fuit 
25% 
Full 
Full 
Full 

1mV1ps 
J 

5 30 +mV/ps I 

Feedthrough Rejection (20 MHz) VIN = 2 v P-P 8 3 dB 

IV 
IV I 

V 
V 
V 
V 
V 

V 
IV 
IV 
V 
V 
VI 
VI 

AD9100JD/AD/SD3 
Min Typ Max 

Full 
Full 
25°C 
Full 
Full 
25°C 
25°C 

25°C 
25"C, T,, 
T,, 
25°C 
25°C 
25°C 

Bandwidth (-3 dB) I V,,, 20.4 V p p  
Slew Rate ' +volt step 
Overdrive Recovery Time4 (to 0.1 %) / V,, = r 4 V to 0 V 
2nd Harm. Dist. (20 MHz, 2 V p p )  
3rd Harm. Dist. (20 MHz, 2 V p-p) I 
Integrated Output Noise (1-200 MHz) 1 

I RMS Spectral Noise ( (1 10 MHz 

HOLD MODE DYNAMICS 
Worst Harmonic (2.3 MHz, 30 MSPSj V,,, = 2 V p-p I Worst Harmonic (12.1 MHz, 30 MSPSj Vow, = 2 V p p  

1, 2, 3 
1 ,2 ,3  

1 ,2 ,3  
7 , 8  
7, 8 

Uaits 

/ Full 

Worst Harmonic (12.1 MHz, 30 MSPS) 
Worst Harmonic (19.7 MHz, 30 MSPS) 
Hold Noise5 

V,, = 2 4  V 

C U E = - ~ . O V  

V,,, = 2 V p p  
V,,, = 2 V p p  

MHz 
V/ps 
ns 
dBc 
dBc 
PV 
n v / d E  

dBfs 
dBfs 
dBfs 
dBfs 
V/s rms 
r mV/ps 

0.989 0.994 
-5 2 1  + 5  

0.4 
240 260 
48 55 

0.9 2 

4, 5,6 
4, 5 ,  6 

25°C 
Fun 
25°C 
25°C 
25"C, T,,, 
Tmm 

Full 
Full 
Full 

Droop Rateh V,, .- 0 V 1 

V N  
mV 
I2 
rnA 
dB 
mVN 

160 250 
550 850 

V 
pA 
pA 
mA 
PF 
kfl  
kfl 

mA 
V 
V 

I 
1 , 2 , 3 / + 2  22.2 -2 
1 
2, 3 

1 ,2  
3 

1, 2, 3 
1, 2, 3 
1 , 2 , 3  

2 1 

-8 2 3  +8  
-16 +16 

2 22 
1 .2 

350 800 
200 

4 5 
-1.8 -1.5 
-1.0 -0.8 

4, 5 
6 

- 65 
- 75 
45 
3.3 

- 83 
-81 -72 
-77 -70 
- 74 

300 x t,, 

1 6 
6 7 40 



NOTES 
'Absolute mdxlrnum raring\ arc Ilrnlrlnp \dlucb to be dpplled ~nclil~clu~lly, and beyond which the xrvlceabllity of the clrcuit may be impaired. Functional opera- 
bility 1s not ne~esurllv impl~ed. Expusure to ah\olutr maximum idring conditions for an extendcd period of time may affect device reliability. 

'Analog input volragr: 5hould not exceed - L', 
'The "Full" lernpsrarure speslficdtlonr refer t ( ,  the drnbrent temperJrure for the DIP package only after a power soak. AD9100JD: O"C to +70"C. AD9100AD: 
-40°C 10 - 85 C ADVIOOSD. 55 (' I I I  - I?f;'(; f j , ,  3 8 " ( X .  thn is valid with the device mounted flush to a grounded 2-02 copper clad board with 16 sq. 
mches of surfact area and no alr ilou 

T h e  Input to the AD9100 IS ~nrrrndllv cldmped at 2 3 f' The lnlcrual Input series resistance is nominally 50 fl. 
'Hold mode nolx Ir propclrrlondl to the  lcnpth ol rlrnr d slgndl 1s held For exampk, if the hold tlme (t,) is 20 ns, the accumulated nolse IS typically 6 pV 
(300 V/\ . 2 0  ns Th~s  mult h~.  ~omh~ned lslrh [he trdik rnod~. llolse to obtain total noise. 

"Mln and may Jrr*~p rate, dre bawd on thr rnlIlt.lr\ rrrnperarlire r.irreL 55°C to + 125°C)- Refer to the "Droop Rate vs Temperature" chart for m1dma.u llmirs 
over the iornrn~r~~dl dnd ~ndu\rrldl r.ingr\ 

-- - - -  - - - - -- - 
i - 
I 

I Pa rameter  I Condit ions 
--- - 1 -- 

POWER SCPPI-I' 
Power I>icr~pvdtion I 

+ Vq Currt-nr 
- V, Currenr I 

- -  . - - 

! EXPLAKATION OF TEST LEVELS 

T e s t  Level 
I 100"11 procfuir~cln rc\rcd 

1 Test I Mil 
Temp , Level 1 S u b  

1 I 
I 1 

Full : VI j 1 ,2,3 
Full i VI 1 ,2 ,3  
Full / VI j 1 , 2 , 3  

I1  IWU~l prDjui t~ \ ln  tested 3r - 2 5  (.. .ind simple tc\~ccl  at 

specified trrnperarure5. . 

111 Per iodl ia l l  sample tested. 

I Parameter is guaranteed by design .ind .iharacte;i~:ir~on 

testing. 
\. Parameter is a typical value only. 
\'I All JCVI~CS arc 100"o p rodu i r~on  tested ar 25 ' !  

I 1OO"rl prcducrion tesrrd at iempcrarure estrt.rnc\ lo!- 

esrendrd re rnpra ture  devlcch; sample resrecl dr 

remprrJturc esrrernch for iornmcri~ali indusrr~al  tic\ Ices. 

Pin No.  Descript ion Connection 
. -- - . - - - - - - - - - 

1 - i', 5.2 \' Power Supply 

b GND Common Ground Plane 

3 GND C:ommon Ground Plant. 

AD~IOOJD/AD/SD~  

M i n  T y p  M a x  
- 

1.05 1.25 
96 118 
116 132 

\.IS 

\.\ 
BYPASS 

- 1.5 

G N D  

vat*-,. 
G N D  
G N D  
G N D  
G N D  . 
+ Vs 
BYPASS 

+ \'\ 

G N 13 
(:I-K 
( : I * I i  
I., 

Uni t s  

W 
m A  
mA 

Analog Input Slgnal 

5.2 \' Power Suppi\ 

0.1 IF t o  Ground 

- 5.2 \' Power Suppi! 

Common Ground Plant: 

rrack and Hold Ourpur 

Common Ground Planc. 

Common Ground Planr 

Common Ground Planc 

Common Ground Plant, 

5 V, Power Suppl vr 

I?. I uf. t o  f rrotlnd 

+ f \ ' ,  Power Suppi;; 
(:ornrtion ( ;rcmnJ 1'1.liir 

i :im~plcmcnr ii(:I, (:lot I, 
"'I'ruc" E(:I. (:lock 

\' l'owcr hatppl\ 

E X P L A N A T I O N  O F  M I L I T A R Y  S U B G R O U P S  

Subgroup 1 - Static tests at. +2S°C. 
(5% PDA calculated against Subgroup 1 for high-re1 versions) 

Subgroup 2 - Static rests at maximum rated operating temperature. 
Subgroup 3 - Statlc rests at minlrnum rated operatlng temperature. 
Subgroup 4 - Dynamic rests at +25"C. 
Subgroup 5 - Dynarmc tests at maxlmum rated operating temperature. 
Subgroup 6 - Dynamic tests at minlrnum rated operating temperature. 
Subgroup 7 - Functional tests at +?SDC. 
Subgroup 8 - Functional tests at maximum and minimum temperatures. 
Subgroup 9 - Switching tests at +2S°C. 
Subgroup 10 Switching rests at maximum rated operatlng temperature. 
Subgroup 11 Switch~ng tests at mlnlmum rated.operarlng temperature. 
Subgroup 12 Periodlcallv sample tested. 

AD9100 PINOUTS 

GND ! 3 

TOP VIEW 
(Not to Scale) 



AD91 00 
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 signd is reacquired to within a specified 
error band at the hold capacitor. 

Analog Dehy 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 8081% propagation delay of  
the f r o i t a d  buffer and the control switch delay time. (lk 
time from the hold command transition to when the switch is 
opemd.) For the AD9100, phis is a p i t i v c  value which means 
that the switch dday is longer than the analog delay. 

Apertah 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 (d~ ld t ) .  It is measured at the AD9 100 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 CAPACrrOW 
ANALOG OUTPUT 

CLOCK 
INPUTS 

Feedthrough Reiestion is the ratio of rhc input signal to the 
output signal when in hold mode. This is a measure of how well 
the switch isolates the input sigarad from fecding 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 
afier the AD9100 is switched from track to Bold with the input 
held at rn volts. It manifests its& as an added offset during 
the hold time. 

Track to Hold Settling Time is the time n a x s s q  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. 

/ / - - - - - - - - - - -  > 
'TRACK' 'HOLD' 

~ ~ ~ l ~ ~ ~ ~ ~ ~ l ~ ~ l ~ i ~ ; ; ; ; ; f f f ;  f ; ; f f f ; f f ; f ; f  
l f l l l l l l l r r l l l T r r  

CLOCK 

A D9 100 Timing Diagram 



THEORY OF OPERATION 
The AD9100 u t d h s  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 to the hold capacitor. This architecture 
required mixed device technology and, usually, hybrid construc- 
tion. The sampling rate of these hybrids has k e n  limited to 20 
MSPS for 12-bit accuracy. Distortion generated in the front-end 
amplifiahridge limited the dynamic range performance to the 
"mid-70 dBfs" for analog input signals of less Phan 10 MHz.  
Broadband and switch-generated noise Iimited 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 architecrure 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. IJY 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. 

Switchmg 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- 
tlon, pedestal sensitivity to analog input voltage is very low 
(0.6 mVN) and bkng first order h e a r  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 mVN-pis.) 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 R. 

Full-scale track and acquisition slew rates achieved by the 
AD9100 are 800 and 1000 V/ps, respectively. When combined 
with excellent phase margin (typically 5% overshoot), wide 
bandwidth, and dc gain accuracy, acquisi tlon time to O.O1°/~ is 
only 16 ns. Though not tested, settling to 14-bir accuracy 
1 88 dB distortion ( ( 1  2 .3  MHz) can be inferred to be 20 QS 

Acquisition Time 
r\cquisition timr is rhe amount of time i t  takes the AD9100 to 
reacquire the analog input when switching from hold to track 
mode. The ~nrervaf starts at the 50% clock transition point and 
ends when the lnput s~gnal 1s reacqu~red to within a specified 
crror band at  the hold capacitor. 

The'hold to track switch delay (t,,t) can not be subtracted 
from this acquisition time because it is a charging time delay 
that occurs when moving from bold 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 
t,,,. 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 rhe over- 
all AD9100 acquisition time, 

SEEN BY OUTPUT 1 BUFFER 

Figure 7. Acquisition Time Diagram 

I 

TRACK 

The exaggerated lllusuation in Figure 1 shows that V,, has set- 
tled to within x% of its final value, but V,, (due to slew rate 
limitations, 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,,. Since the small-signal settling time of 
the output buffer'is 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. \ 

HOLD 

Note that most of the hold settling time and output acquisition 
time are due to the input buffer and the switch network. For 
output acquisition time, the output buffer conuibutes 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 defrned 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 convener 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 timr 10 approximately 13 ns, with hold time chosen 
to optimize the encoder's performance. 



Hold vs. Tnck Mode Distortion 
In many uaciitional high speed, open ldop track-and-holds, track 
mode distonion 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 distonion 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 architamre of the AD910 minimizes hold mode distortion 
over its spcafied frequency range. As an example, in track 
mode the worst harmonic generated for a 20 MHz input tone is 
t y p i d y  -65 dBfs. In hold mode, under the same conditions 
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 O.Ol'%), the output buffer has essentially settled to its 
dc distonion level even for track.plus hold times as short as 
30 ns. For a uaditlonal 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 charaaeristics. If the droop rate is constant versus the input 
voltage for a given hold time, it m d e s t s  itself as a dc offset to 
the encoder. For the AD9100, the droop rate is typically 
_+ 1 mV1p.s. If a signal is held for 1 ps, a subsequent encoder 

' 
would see a 1 mV offset voltage. If there is no droop sensitivity 
to the held voltage value, the 1 mV offset would be constant 
and "ride" on the input signal and introduce no hold-mode 
nonlinearities. J 

In instances in which droop rate varies proportionately to the 
magnitude of the held voltage signal level, a gain error only is 
introduced to the An> encoder. The AD9100 has a droop sensi- 
tivity to the input level of 1.5 mVN - psec. For a 2 V p p  input 
signal, this uanslates to a O.lS%/ps gain error and does not 
cause additional cfistortion errors. 

For the AD9100, droop sensitivity to input level is insidcant. 
However, hdd times longer than about 2 ps can cause distortion 
due to the R x C, time 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 prekrable. 
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 
W.) All 0.01 pF decoupling capacitors should be low induc- 
tance surfact mount devices (P/N 05085C103MTOSO 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 
p u n d  plane 

The 10 p F  low frequency power supply tanPalum 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 p F  capaci- 
tor and power supply source) can be routed to the underside of 
the board to the daisy chain wired 0.01 p F  supply capacitors. 

For remote input andlor output drive applications, controlled 
impedances are required to minimize line reflections which will 
reduce signal fidelity. When capacitive andlor high impedance 
levels are present, the load and/or source should be physically 
located within approximately one inch of ehs AD9100. Note that 
a series resistance, Rs, is required if the load is greater than 
6 pF. (The Recommended Rs vs. CL chart in the "Typical Pcr- 
formance Section" shows values of Rs for various capacitive 
loads which result in no more than a 20% increasc 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 V,, 
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, V,,, and V,, 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 couphg to the V,, 
and V,,, 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 6-3308'08-3 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/ps, 

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. 

~ l o c ~ E k  Input Stage 



1) R1, FL?, L R3 ARE USER SELECTABLE 
DEPENDENT UPOH LOGK DRIVE 
LEVELS FOR BIPOLAR DRNE, 
PIN 4 096885) SHOULD BE GROUNDED. 

2) ALL CAPACTTORS ARE 0 1  pF UNLESS 
OTHERWISE DESGNATED. SURFACE 
MOUNT CAPS PREFERRED. 

3) RS SHOULD BE SUECTU) BASED ON 
M E  LOAD CAPACffANCE AND MAY BE 
SHORTED FOR C A P A C M  LOADS LESS 
THAN 6PF. 

4) C1, C3, C5, & C7 ARE OPTIONAL. DATA 
SHEET UMKS BASED ON USING THESE 
CAPACITORS. LllTLE OR NO 
BEGREDATION WHEN OMllTED. 

5) PlNOllTS FOR BOTH AD91 00 AND 
AD96685 ARE DIP PACKAGES. 

-5.2 V 

Figure 2. AD9100Application Diagram 

Driving the Analog Input by the user. The output settles to 0.1% of its value 21 ns after 
Special care must be taken to ensure that the analog input signal the over-voltage condition is alleviated. When the analog input 
is not compromised before it reaches the AD9100. To  obtain is outside the linear region, the analog output will be at either 
maximum signal to noise performance, a very low phase noise +2.2 V or -2.2 V. 
analog source is required. In addition, input filtering and/or a Matching tbe AD9100 to AID Encoders 
low harmonic signal source is necessary to maximize the 'puri- The AD91ws analog output level may have to be offxt or am- 

free dynamic range. Any required be done ' plified to match the range of a given AID convener. 
close to the AD9100 and away from any digital lines. This can generally be accomplished by inserting an amplifier 

Overdriving the ,Analog Input after the AD9100. For example, the AD671 is a 12-bit 500 ns 
The AD9100 has input clamps that prevent hard saturation of monolithic ADC encoder that requires a 0 to + 5  V full-scale 
the output buffer, thereby providing fast over-voltage recovery analog input. An AD84X series amplifier could be used to.con- 
when the analog input transitions to the linear region ( 2 2  V). dition the ~ 6 9 1 0 0  output to match the full-scale range of the 
The clamps are set internally at 22.3 V and cannot be altered AD67 1. 



10-Bit 18 MSPS 0 ANALOG 
DEVICES Monolithic A/B Converter 

FEATURES FUNCTIONAL BLOCK DIAGRAM 
Monolithic 10-Bit 18 MSPS AID Converter 
Low Power Dissipation: 1.2 W REFIN REFGND avOo AGND AVSS DVDo DGND D R V ~  DRGNO 

Signal-to-Noise Plus Distortion Ratio 
f,, = 1 MHz: 56 dB 
fi, = 8 MHz: 53 dB VIM 

Guaranteed No Missing Codes VIM, 
On-Chip Track-and-Hold Amplifier 
100 MHz Full Power Bandwidth 
High Impedance Reference Input u u u 

Out of Range Output 
Twos Complement and Binary Output Data 
Available in Commercial and Military Temperature 

Ranges AD773 

PRODUCT DESCRIITION 
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 wirhout the use of an external THA. The AD773 

) implements a multistage differential plpelined architecture with 
outpat 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 

I voltage is beyond the specified input range. OTR can be 
d d e d  with the MSBJMSB 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°(: to 1 70°C) and milirarv ( 55°C to 
+ 125°C) grades. 

Information furn~shed bv Aridloa Devices IS believed to be accurate and 

OTR BIT 1 BIT l o  
(MSB) (LSB) 

PRODUCT HIGHLIGHTS 
1 .  On-board T H A  

The high impedance differential input T H A  eliminates the 
need for external buffering or sample and hold amplifiers. 
The T H A  offers the choice of differential or single-ended 
inputs. Input current is typically 5 

2. High Impedance Reference Input 
The high impedance reference input (200 kil )  allows direcr 
connection with standard A2.5 L' references, such as the 
AD680, AD580 and REF43. 

3. Output Dara Flexibility 
Output data is available In bipolar offset and bipolar twos 
complemenr b i n a c  format. 

4. Out of Range (OTR) 
The O T R  output bit indicates when the input signal is 
beyond the AD773's input range. 

reliable However. no responstbilty IS assumed by Analog Devlcesfor ~ t s  
use, nor lor any ~n f r~nycmer j t s  of patents or other rtghts of  t h ~ r d  paales One T s h n ~ l o g ~  Way. P 0 .  Box 9106. Norwood. M A  02062-9106. U.S.A. 
which may result f rom ~ t s  ust? No license 1s granted by ~ m p l ~ c a t ~ o n  or Tel. 6171329-4700 F a x  6171326-8703 Twx: 7101394-6577 
otherw~su ijnder any p,tttlrlt or  p,ttthrjt r~qh ts  of Analog Dev~ces Telex 924491 Cable ANALOG NORWOODMASS 



(T,,, to 1, with AVDD = +5 V -+ 5%, AY, = - 5  V + 5%, DVDD = +5 Y + 5%, 
DC SPECIFICATIONS DRVDD = +5 v -. 5%, v,,, = +2.500 v unless othewise indicated) 

Parameter 

RESOLUTION 
, 

DC ACCURACY (+25T) 
Integral Nonlinearity 

T . ~ ~ ~  T~~~ 
Differential Linearity Error 

T.WIN to TMAX 
Offset 

, Gain Error 
No .Missing Codes 

ANALOG INPUT 
Input Range 
Input Current 
Input Capacitance 

REFERENCE INPUT 
Reference Input Resisqce 
Reference Input 

LOGIC INPUT 
High Level Input Voltage 
Low Level Input Voltage 

Operating Current 
IA\VI,l, 
IAVss 
1 D ~ I > K ,  

IDRV,,,' 

Min TYP Max 

10 

. - I  

20.95 

20.75 
0.5 
0.5 

1 
5 ,  20 

10 

5 0 200 
2.5 

+ 3.5 
+ 1.0 

V 
V 

Volts 
Volts 
Volts 

LOGIC OUTPUTS 
I 

High Level Output i'oltage (I,,,, = 0.5 mA) +2.4 1 -2 .4  
Low Level Output Voltage (I,,, =- 1.6 mA> i 40.4 +0.4 

-- - - - - - - -- 

' POWER SUPPLY REJECTION 
t 6 12 mVN 

TEMPERATURE RANGE - -- t- -- 

Min TYP Max 

10 

20.75 2 2  

20.75 + 1 
0.5 3.5 
0.5 2.0 

GUARANTEED 

High Level Input Current (V,, = DVDD) 1 - 10 + 10 
Low Level Input Current (V,, = 0 V) 1 -10 + 10 

I 
Input Capacitance 10 

-- . -- 

I 

POWER SUPPLIES , 
Operating Voltages 

A%, I, t4.75 +5.25 

AVss [ -5.25 -4.75 

DV1,1,, DRVDD 1 +4.75 +5.25 

. - 
.- - -  - -. & I I 

NOTES 
'C, .- 15 pF typ~cal.  o 
' 100% product ,on tested. 

Spcslficar~ons ~ublccr to change w~thour notice S r c  Defin~rron of SF-ificatrons tor ac id l t lod  informat~on. 

Units 

Bits 

LSB 
LSB 
LSB 
LSB 
% FSR 
% FSR 

1 
5 20 

10 

5 0 200 
2.5 

+ 3.5 
+ 1.0 

+4.75 + 5.25 
-5.25 -4.75 
+4.75 a5.25 

POWER  CONSUMPTION^ ! 1.2 1.5 

PEV. O 

1 

v PP 
PA 
PF 

kfi  
Volts 

V 
V 

- 10 + 10 
- 10 + 10 

10 

1.2 1.5 1 w 

PA 
PA 
PF 



IT.,,, to 1, with AV,, = +5 V & 5%. AV, = -5  V -t 5%. DV,, = +5 V r 5%. DRY,, = +5 V 
) AC SPECIFICATIONS 2 5%. v,,, = +2.500 v unless othemise indicated. f,,, = 18 MSPS, f,, amplitude = -0.5 d ~ )  

, 
5pr~lficatlons suh~rcr to change w~thout norlct.. 

Parameter 

DYNAMIC PERFORMANCE' 
Signal-to-Noise plus Distortion 

(SM + D) Ratio 
f,, = 1 MHz 
fIN = 8.1 MHz 
fIN = 9 MHz' 

Effective Number of Bits (ENOB) 
fIN = 1 MHz 
f,, = 8.1 MHz 
fIN = 9 MHz 

(for all grades T,,, to T,, with AV,, = +5 V * 5%. AV, = - 5  V 2 5%. DV,, = +5  V .c 5%. 
TIMING SPECIFICATIONS DRV,, = +5 v r 5%. v,,, = +Z500 v unless otherwise indicated. f,,, = I 8 MSPS) 

I Symbol J - --- - - - - - - - - -- 
Conversion Rare 

- -- 
AD773 J 

Min TYP M a x  

52 56 
45 53 

53 

9.0 
8.5 
8.5 

Clyk Period i c - 1 . ~  

Clock High 4:t I 

Clock Low 1 4-1 
Output Delay I 4 11 > 

Aperture Delay 
Aperture Jitter 
Pipeline Delay (Latency j 
P . - - -- - - - - - - - - 'I - - - - - -. - - 

AD773K 

Min TYP M a x  

54 5 6 
47 5 3 

5 3 

9.0 
8.5 
8.5 

Toral Harmonic Distortion (THD) 1 I 
f,, = 1 MHz I - 66 - 57 

i 
f,, = 8.1 MHz 1 - 58 -44 

4 f,, - 9 ,VHz I - 56 
Spurious Free Dynamic Range2 

I 
67 

Full Power Bandwidth i 1 00 
Intermodulation Distortion (IMD)' 

Second Order Products - 69 I 
Third Order Products - 6 1 

I I 

CLOCK 

BIT 1- 10 DATA DATA 
MSB. OTR N N+1 

VOTES 
'For tvplc~l  d\narnlc pcrtorrnanc; C U ~ C \  a f  t,4,,,.1 , 16 2 AISPS and 18 hlSPS; see Figures 2 rhrough 13. 

- 1 .$\Hz C 

' t  I 0 4 .  I 1 05 &\.{HI 

Units 

dB 
dB 
dB 

Bits 
Bits 
Bits 

- 66 - 59 
- 58 - 48 
- 56 
67 
100 

-69 . 
-61 
0.2 
0.4 
2 5 
25 

Differential Phase 
Differential Gain 

-- - 

Min 

I 

I 5 5 
2 7 
27 

1 
I 
I 

-- I_ 

Figure 7. AD773 Timing Diagrarn 

dB 
dB 
dB 
dB 
MHz 

dB 
dB 
Degree 
YO 
ns 
ns 

' 0.2 
0.4 

REV. 0 

Transient Response I 25 
Overvoltage Recovery T ~ m e  1 

- - - _ _ _ - -_.I- - - --- -- 25 1 

TYP 
-- 

Max 

18 

Units 

hISPS 
ns 

i 
I 20 i 7 i 

8 j 
1 4 

- - 1  

ns 
ns 
ns 
ns 
PS 
Clock Cycles 



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. 

ABSOLUTE MAXIMUM RATINGS* 

* Strrsws above tho= flsted under "Absolute Maximum Ratlngs" may cause 
pcrmanrnr damage ro the device. This IS a stress ratlnp only and functional 
oprratlon of the drvicr at these or any other conditions above rhose lnd~cated 
in the opcrarlonal sectlons of this specification IS nor implied. Exposure to 
~hsolurc  rnaxlrnum ratings for extended p n o d i  mav a t f r ~ t  drvlce reirabillry. 

ORDERING GUIDE 
- - - -- -- -- -- - 

Model 1  ratwe we 1 Description ~ t f '  
AD773JD I 0°C to +70°C 28-Pin Ceramic DIP D-28 
hD7731;D 0°C to +7Q°C 1 28-Pin Ceramic DIP 1 D-28 

. - - 

PIN CONFIGURATION 

Max 

+6.5 
+0.5 
+6.5 
+6.5 

Min 

-0.5 
-6.5 
--6.5 
-0.5 

Parameter 

AVDD 
Avss 
C'INA, VINR 
DVI,D, D R V m  

AGND 24 DVDD 

Units 

V 
V 
V 
V 

With Respect to 

AGND 
AGND 
AGND 
DGND, DRGND 

DGND 6 - - 
DRVDD 7 

- 
DRGNO 8 - - 

BIT 10 (LSB) 9 - 
7 

BIT9 10 - - 
BIT8 11 

V. 
V 
V 

TOP VIEW 

- 1.0 1 + 1.0 AGND 

$ BIY 1 (USE) 

DGND, DRGND 

REFIN 
Junction 'Temperature 
Storage Temperature 
Lead Temperature 

(10 sec) 
- 

'D -; Ceramic DIP. 

REFGND, AGND / -0.5 i 
~-'I,I,- Arrss 
CLK 

PIN .DESCRIPTION 

DVD,,,DRV ,,,, 1 - 6 . 5 ! + 0 . 5  
DVI,I,, DRV,,,, * -6.5 : +0.5 

-7- - 7 
Symbol Pin No. Type Name and Function 

--- p i -  
AGND I 5 ,  28 , Analog Ground. 
~4\'1,1, 4 . ! P / + 5  V Analog Supply. 

- 5 V Analog Supply. . 
BIT 1 (MSB) 18 Most Significant Bit. 

Data Bit 2 through Data Bit 9. 
BIT 10 (LSB) 9 Least Significant Bit. 
CLK Clock Input. The AD773 will initiate a conversion on the falling edge of the clock inpuj. See the 

Timing Diagram for details. 

DVI,I, 2 1 P ' b 5  V Digital Supply. 
D R V I ~  I 7 ,  2.2 +5 v ~ i g i t a l  supply for the output drivers. 
DGND I 6 I Digital Ground. 

I I ' 
P 1 Digital Ground for the output drivers. DRGND 8 . 2 1  

,!ISH ' 19 : DO ' Inverted Most Significant Bir. Provides twos complement output data format. 
c ).TK I 20  , DO 1 Our of Range is Active HIGH on the leadlng edge of Code 0 or the trading edge of Code 1023. 

! See Outpur Ilata Format Table 11. 
R E F  GN1) 1 1 , A1 1 REF GNI) k\ cr)nnected to the ground of thc csrernal reference. 
R E F  IN - 7 1 A1 REP IN is the cxternal 2.5  V reference inpur, taken with respect to R E F  GND. 

\ . I \  \ 2 6 I hl I + ) i\nrL* input signal to the difirmrl;il input THA. 

\.i L 11  27 / Al I i I r\n:hlog Enpot \~gn;il . -. ro - the diflercntlai - . inplit -FHA. - 

I I \ . I  I 1 l)~p:r.~l I ~ ~ p i i r ,  1)O B?~)tar.tE 011rpu1, 1' i'owcr 

REV. O 



EQUIVALENT REFERENCE INPUT CIRCUIT 1.4 

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 (5500 mV with respect to 
V,,,). Although the AD773 is specified and tested with VREF 1.3 

equal to 2.5 V and V,, equal to 2500 mV the reference input 
3 
I 

voltage and analog input voltages can be changed. T o  optimize 
~ 

a 

the AD773's performance the 2.5: 1 ratio should be maintained. $ 
The simplified model of the AD773's reference input circuit is g 

1.2 
shown in Figure 22. 

REFlN w 
REFGND 

Figure 22. Typical ~eference lnput Circuit 
\ 

The 2.5 V external reference is applied across resistor R1 pro- 
ducing a current which in turn generates a voltage Multi- 
ple reference currents are generated from V,,,, 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 volrage is varied from its 
nominal value of 2.5 V. The input full-scale voltage is defined 
bv the following equation, 

Reference Volrclge 
Inpur Full-Scale Volrage - 

2.5 

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

1.1 
2.0 2.2 2.4 2.6 2.8 3.0 

REFlN - V 

Figure 24. Power Dissipation vs. Reference lnput 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. 

20 30 40 50 60 70 80 

TIME - ns 

Figure 25. Typ~cal AD773 Settling Time 

REFERENCE VOLTAGE - V 

Flgure 23. S/N + D vs. Reference lnput Voltayc. 
f ,, 18 MSPS, f,, f MHz 

REV. 0 



O U T P U T  1)rITrl FOKiCZAT 
:\1)771 p r t j ; ~ J c \  h ~ r t ~  .!\AH ,111~1 .!\S13 o ~ ~ r p ~ i r \ .  delivering 

pr\ltl\.C I ~ L I C  ofl\ct b~ri,irv .iriJ tivc~\ iomplcrncnr c~utput data. 
'1';ihl~- I I  \ h o ~ \  the i \ I ) 7 7 ' \  ourput da t ;~  f ; ) r rna~.  

Table 11. Output Data Format 

Analog Input 
- - 

",N*-v,NH 
---- - -  

-199.5 ml'  
199 mV 
0 mi '  

500 mV 
- 500.5 m y  

Offset 
Binary 

- - --- 

1 1  1111 1 1 1 1  
11 1 1 1 1  1111 
I0 0000 0000 
00 0000 0000 
00 0000 0000 

-- 

-- - 

Digital Output 

Twos,  
1 Complement 

1 61 ii~-i--~ii-i-- 
r 01 1111 1111 
i 00 0000 0000 

10 0000 0000 

-p 0 

10 0000 0000 / 1 

O U T  OF RANGE 
:in out-ot-range i t \ t ~ d ~ t \ < , n  cst\t\ ivhctl rhc analog input voltage, 
I \  hcyond the ~riyut rang'. 5 0 0  n i \ '  of rhc conl;erter. [Notc 
rhc AD773 ha\ J 4 i loik i\ .il~ I;ltcnL\. rating.] OTR (Pin -70. IS 

\L-t low ivhcn the ~n; i log  tnplit \.c)lrsgc 1s ~vithin the analog Input 
r;ingc. OTR is \CI  liI(;Ei ;inJ ivill rcni+n HIGH when the ana- 
log input volr;tgr. c ~ i e ~ c f h  rhc ~npur  n n p e  by 112 LSB from the 
icnrcr of' rhc - t ~ l l - \ i ~ l ~  ourpu1 crdc>. OTK will remain HIGH 
ilr l t i l  the analog input i \  \ i ~ r h ~ t i  the input range. By logical 
:\SDing OpI'K \v!rh rhc .\\SH iind ir.; iomplemcnt. overranye 
h ~ g h  or u n d c r r ~ r ~ ~ c .  Ioiv io~lcf~tlcjn\ ian be cfctcctcd. Tahlc I11 is 
;I [ruth table t ; ~ r  the over un~1r.r I-angc iiriuit  in Figure 2h .  Sys- 
I C I I I ~  requiring r:ogra~nrnahl~. g.1111 L~t~lLiirioning prior to the 
.\I1773 i ; i I l  irn~~~c.dl,ircl\. cictc.ir all o u r  01 r;ln.gc ionditlon. rhu\ 
~~1111l i t l~i~1nc ~ A I ! :  \ciCi1~otl ~ I C S ; I I I O I ~ \  

"" -  3 T P  OVER = 1 

Figurt. 26. Overrange :,r Underrange Logic 

Table 111. Out-of-Range Tru th  Table  
- - 

OTR hZSB ' ANALOG INPUT IS 
. - 

0 O ' in Kanpc 
0 1 i In Kanpc 
I O j Underrangc. 

I 

1 i Overrange 
. - - 1  . 

GROUNDING AND LAYOUT RULES 
AI*I\ thc csw for ;inv htgh pt.rlormanie device, propcr ground- 
ing and lavout tcchniquc\ Are c\\cntlal in achicvlng opr~rnal per- 
formance. t Kore- Flgurer 28-32 are nor ro scale. ) The  analog 
and digital ground\ on the AD773 have k e n  separated to opti- 
mlze the management of return currents in a system. It is rec- 
ommended that a 4-layer prlnted clrcuit board ( PCB) which 
employs ground planes and power planes be used wlth the 
AD773. 'The use of ground and power planes offers distinct 
advantages: 

1. T h e  minimization of the loop area encompassed by a signal 
. - 

and its return path. 

2. T h e  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 !,EhlI I and an overall improvement in 
performance. 

It is important to destgn a layout which prevents noise from 
coupling onto the input signal. The  wide input bandwidth of the 
AD773 permits noise outside the desired Nyqutst bandwidth to 
be digitized along with the desired signal. This can result in a 
higher overall level of spurious noise in the dig~tized 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 
IS also suggested rhat the traces associated with I',,, and IT,,, 
be the same length. 

Separate analog and Jlgital grounds should be joined together 
directly under the AD773 see 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 layouts dictare rhat the return 
currents from dlgital circuitry should not pass through critical 
analog circuitn.. 

POWER SUPPLY DECOUPLING 
The analog and digital supplies of the  AD773 have been sepa- 
rated to prevent the typicallvlarge transients associated with 
digital circuitrv from coupling into the analog supplies (AV,,,,, 
AVss). Each analog power supply pin should be decoupled with 
a 0.1 pF capacitor located as close to the pin as possible. Addi- 
tionally, 0.22 pF 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 femte beads to limit high frequency noise. 

The digital supplies have also been separated into DRV,, m d  
DV,,,. The  DRV,,,, pins provide power for rhe digital output 
drivers of rhe AD773 and are likelv to contain high energy tran- 
~ients .  Pin 22 5hould be dtxoupled directlv to Pin 21 (DRGND)  
.ind Pin 7 should be dccoupled directly to Pin 8 (DRGND)  to 
minimize the length of the return path for these transients. A 
single + 5  i' supplv 15 all r h ~ t  I \  requtred for D K V , , , ,  and 
DV,,,,, but cfccoupl~ng I)\',,,, w r h  an KC filter network rs sug- 
gested (see F~ptrc '  27' 



CLOCK INPUT TP9 

- 
OUTPUT 

F~gure 27. AD773 Evaluation Board Schematic 

Table IV. Components List 
.-- . - -- - - - 

Reference Designator Description 
- 

R2.  R.) ~ i i i s tor ,  1%, 49.9 R 
RS. R6. KI I--K2L Res~stor, 540, 22 11 ' 14 
K7. R9 R8 7 Resistor, Kc.istor, 540, 5%. 75 39 11 f )  1 1  I L  
KI(! I Kc\isior, 5% 560 11 I ,  

I 

(:I, ( ' 4 4 3 .  t : l l s  C l4 ,  C174:21 1 ( ; i~ ip  Cap, 0.1 FF , 1 - 1  
( 2  I ( . ,~ , ,ac~tor,  Tantalum, 10 pl* / I 
~ 9 ,  (.I.!. t .15 ' ( . h ~ p  Cap, 0.01 pE' 1 3  
( : lo ,  [ 1 :, t:lb / t:.lpacrror, Tantalum. 22 1 4 

REV. 0 



$ 1  .Q aNational Semiconductor 
Y 

~ o g l c  Symbols 

IEEEllEC 
IF240 

54F/74F240*54F/74F241*54F/74F244 
Octal Buffers/Line Drivers with TRI-STATE@ Outputs 

General Description Features 
The 'F240, 'F241 and ' F ~ - L (  are octal buHers and line drn. m TRt-STATE outputs d h e  bur l~nes or buffer memory 
ers des~gned to be employed as memory and address dnv- address registers 
ers, clock dr~vers and bus-or~enled lransm~tters/receivers Outputs sink 64 mA (48 mA mtl) 1 

i 
wh~ch provlde ~mproved PC and board denstty m 12 mA source current 

m lnput clamp d~odes lim~t high-speed termination effects 
m Guaranleed 4000V mlnimum ESD protection 

Ordering Code: see S ~ C ~ I O ~  5 

I Connection Diagrams I 
Pin ~'rrslgnment 

for LCC 
Pln Asrignmrnt 

for DIP, SOlC and flatpak I I 
Unit LoadingIFan Out: See sectbn 2 U.L Definitions 

I .. 54FI74F 7 
L 

Pln Names Descrlptlon U.L II~IIL 

HIGH/LBW Output I&k 

TRI-sTATE output E n a M  Input (Acme Low i.o/i.667 Z O I . A / - I ~  i 
TRI-STATE Output Enable Input (Actrve HIGH) t.0/1.667 2OI.A/-lmA 
Inputs ('F240) 9.0/1.667' 2 O N - l m A  
Inputs ('F241, 'F244) 1.012.887' 2OpAI-1.6mA 

Do-07, 00-0, Outputs 600/106.6 (80) - 12 mU64 mA (48 mAl 

Truth Tables 

L H H 





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 loons 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 technolo:y, supply voltages 
from 2.0 to 5.5 volts have lirtle effect on supply 
current in data retention mode. Reading the 
supply voltage to minimize current drain is 
unnecessary with the HY62C256/L family. 

High speed - 100/120/150 ns (Max) 
LOW Power dissipation. 
-200 mW (5p.) Ope-mting 
-25 pW (Typ.) Standby (HY 62C256L) 
Data retention supply voltage: 2.0 -5.5V 
Four transistor 2-Load Register memory cell 
Fully static operation 
-No clock or refresh required 
All inputs and outputs directly TTL compatible 

9 Tri-state outputs 
9 High reliability 28-pin 600 mil P-DIP 

FUNCTIONAL BLOCK DIAGRAM 

h l ~ \ ~ r n u m  t?icc\\ Timc (ns)  

h l a ~ l m u r n  Avcragc. Operaring Current (m.4) 

hla\~rnurn Standby Current (ma)  

A4 

A,. 

- vcc 

9---0 GND 

HY62C256/L10 

100 

70 

1.0/0.1 

CONTROL 

wc CIRCUIT 

PIN CONNECTIONS 

H Y  62C256/G12 

I20 

70 

1 .O/O. 1 

PIN NAMES 

Hl'62C256/L15 

1 SO 

7 0 

1.0 '0.1 
J 

&-A14 

Do-D, - 
C s 
- 
WE - 
OE 

vcc 

GND 

ADDRESS 

DATA INPUTIOUTPUT 

CHIP SELECT 

WRITE ENABLE 

OUTPUT ENABLE 

POWER 

GROUND 



~ ~ 6 2 ~ 2 5 6 / ~  32,768 x 8 Bit CMOS Static RAM 

ABSOLUTE MAXIMUM RATINGS(I) 

1 .  Strcsxs prcarcr than those lisrcd under ABSOLUTE MAXlhlUhl RATINGS may sausc perman-cnt damage to rhe dmicc. This is a stress raring only and 
funaional operation o f  the device at thew or any other condirions above t h o x  indicated in thc opcrarional xrtions of t h ~ s  spccification is nor implied. 

SYMBOL 

Vcc. GND 

Vlti 

VI/O 

TBIAS 

T A 

TSTG 

PT 

IOL'T 

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

PARAMETER 

Supply Voltage 

Input Voltage 

Input/Output Voltage Applied 

Temp Under Bias 

Operaring Temperature 

Storage Temperature 

Power Dissipation 

DC Output Current 

'- 3.OV for 2011s pulx.  
1 

SYMBOL 

v cc 

GKD 

~ I H  

V I L  

CL 

TTL 

, TRUTH TABLE 

RAT1 SG 

-0.3 to 7 

-0.3 to 7 

. - - 0 . 3 1 0 7  

-10 to 85 

0 to +70  

-4010 +I25 

1 .O 

50 

UNIT 

V 

"C 

" C 

"C 

W 

mA 

PARAMETER 

Supply voltage 

Supply Vol~ape 

Input High Voltage 

Input Low Volrage 

Output Load 

Output Load 

MODE 

Standby ' 

Read 

Read 

Wri~c 

MIX. - 
4.5 

0 

2.2 

- 0.3' 

- 

- 

- 
CS 

H 

L 

L 

L 

TY R 

5.0 

0 

3.5 

- 

- 
- 

MAX. 

5 -5 

0 

6.0 

- 0.8 
3 0 

1 

OE I - 
WE 

UNIT 

V 

V 

V 

V 

PF 

- 

110 OPERATION 

Hlgh Z 

DOUT 

High Z 

DI Y 

X 

L 

X 

L 1 H 
H H 

X L 



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

Standby Power Supply 

READ CYCLE 

~ O H Z  

[OH 

Output ~ i s a b l c  to Output in High 2' 

Output Hold from Address Change 

0 

10 

35 

- 
0 

10 

40 

- 
0 

10 

50 

- 
ns 

ns 



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

.WrRITE CYCLE 

PARAMETER 

- 

I 1npu1 Rise and Fall Timer I 5 ns 1 

AC TEST CONDITIONS 
(T.a=O°C to +70°C) 

Inpul Pulse Levels 

OUTPUT LOAD 

0.8\' ro 2.4V I 

lnpu~ and Ourput 
Timing Reference Lc\els 

Figure 1 45'J 0 

2 
< l t e  . 
\ 

7- 0 67KII C- -7OOpF 

777- 

1.5V 

'Including scopc and the Jig. 

SI.51 BOL 

I .  This parameter is sampled and not 100% ~rstrd. 

CI\  

CI o 

I I UlVlT 
i I PARA METER COSI)1TIOSS 5f.AX. 

Input Capacitance 

Inpu~ /Ou~pu t  Capacitance 

V,,=OV - 

a V, o=O\' 

c 

10 

PF 

' PF 



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

TIMING DIAGRAMS 

Address 

1 

h 

READ CYCLE I('' 

Address 

OE 

0 toE - 
CS -10C1'5' - 

4 t*cs 

0 tc~zlsr * 

READ CYCLE 3''s3.'' 

IM L 

0 ton C 

C h ~ p  Select  

- 

- 

-ton- 

h OT ES: 
I \ \ I S  H ~ g h  for Read Cycle. 
2.  Dc\ lie I \  c.onrln>ourl\ \ c l ~ i t ~ d .  c=\ i, 

3. AdtJrc,r \aid [.,lor to or cotn:.::.:: u ~ r h ~ t r a n s i t ~ o n  ION.. 
4. Ot = \.,, 

Dour 

, I 

5 .  Tran\~iion I!. rnz~sured r COT.\ ;-em w x t j  sta~e.  Thh paramrlcrr i s  sampled and not 1GUub ~ c r ~ c d .  

0 ~onzl5l 

- Icnz151 

- 
- 



HY62C256/L 32,768 x8 Bit CMOS Static RAM 

WRITE CYCLE 1 

Address 



. HY62C256/L 32,768~8 Bit CMOS Static RAM 

WRITE CYCLE 2(5) 

NOTES: 

1. A urltc occurs during the ovcrlap [ t d  offiow =and low= 
2. t w r  is mcasurcd from the carlicr of CS or WE going htph to the end of write cycle. 
3. During this period. I/O pins arc in thc output statc so that thc input signals of  opposite phasc to thc ourpurs must not be applicd. ' 

4. I f  thc E l o w  transition occurs simultaneously with the s l o w  transitions or after themtraniir ion. outputs remain in a high impcdancc statc. 
5. is continuously low (s =v,,). 
6. D,* is the samc phase of write data of this write qc lc 
7. DIN i s  I ~ C  mad data of ncxt addms. 
8. I f  =is low during this pcriod. I 0 pins arc in the output state. Then the data input signals of  opposite phase to the outputs must not bc applicd to thcm. 
9. Transition i s  mcasurcd 2 5OOmV from steady srarc. This paramctcr is sampled and not 100% tested. 

I 



' HY62C256/L 32,768 x8 Bit CMOS Static RAM 

IDU* Vcc DATA RETENTION CHARACTERISTICS 

1. tnc = k d  Cycle Time 

SYMBOL 

VDR 

ICCDR 

koa  

t R 

LOW Vcc DATA RETENTION DIAGRAM 

DATA RETENTION MODE I 

- -- 
PARAMETER 

Data Retention Supply Voltage 

Data Retention Current 

Chip Deselect to Data Rerention Time . 

Operation Recovery Time 

SOTES: 

TEST CONDITIOSS 

= > ,  VCC - 0.2V 
Vcc = 3 .OV 
B>, Vcc - O.2V 

- 
See Data Rerention 

Diagram . ns 

MIN. 

2.0 

- 

0 

tacls 

TYP 

- 

2 

- 
- - 

MAX.  

- 

50 

- 
- 

UNIT 

v 

FA 

n s 
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