AD892E/AD8I2T

ADS892E]J/AD892T]
Parameter Conditions Min Typ Max | Units
COMPARATORS
Input Offset Voltage 0.25 2.0 mV
Input Offset Current 100 nA
Input Bias Current 0.68 RA
Open Loop Gain f =10 MHz 66 dB
Input Resistance Differential 500 kQ
Input Capacitance Differential 1 5 pF
Input Common Mode Range Referred to Digital Ground 2.8 +5 v
OUTPUT/FILTER ONE-SHOT AD892T
Resistor Scaling® One-Shot Pulse =~ 10+3.0XR¢gt ns
Pulse Duration Reer = Rin 10 Rk 9 180 ns
Repr = 10 kQ 31 38 45 ns
Resistor Range Rsgr = Roin 10 R 0.75 56 kQ
OUTPUT/FILTER ONE-SHOT ADS892E
Resistor Scaling® One-Shot Pulse =~ 3.5+3.5XRggt ns
Pulse Duration Regr = Ron to R 7 52 ns
Rger = 3kO 9 14 19 ns
Resistor Range Regr = R 0 R 1 14 kQ
EXTERNAL LOGIC
Data Output Level (AD892T) 400 Q) Pull-Up to +5V
Output Logic “1” User Defined (Open Collector Output)
Output Logic “0” 0.25 0.5 \%
Data Output Level (AD892E) 1 kQ Pull-Down to Ground
Output Logic “1” 4.02 4.15 419 |V
Output Logic “0” 3.05 3.15 3.37 \%
DATA THROUGHPUT
Propagation Delay® Differentiator Input to Data Output 12.3 ns
Additional Pulse Pairing’ 1000 | ps
Max Transfer Rate (AD892T) 25 Mb/s
Max Transfer Rate (AD892E) 30 Mb/s
POWER SUPPLY REQUIREMENTS
Supply Voltage V,, 10.8 12 13.2 \%
Supply Voltage Vs 4.5 5 5.5 \Y%
Quiescent Current I, Toin 0 Toax 40 49 61 mA
Quiescent Current I Toin 0 Thoax 10 16 24 mA
ABSOLUTE MAXIMUM RATINGS®
Supply Voltage V,, 14.5 A%
Supply Voltage V, 7.5 \"
RF Input Stage Differential Input Voltage -0.8 5.6 v
Comparator Differential Input Voltage -0.8 5.6 A%
Storage Temperature Range —65 130 °C
Operating Temperature Range® 0 70 °C
Lead Temperature Range Soldering 60 Sec 300 °C

NOTES

'Gain calibrated in gain set mode with 0 volts applied to the gain set pin.

*Clamp operation is specified with a source impedance of 200 € in series with 0.1 pF.

*Over the full 50 MHz bandwidth of the AD892E/AD892T, the worst-case rms signal-to-noise ratio is 40 dB or better with a 40 dB AGC range.

“Measured using a 4 k{} resistor connected between qualifier threshold pin and ground; also between the differentiator pin and ground.

Ry specified in k(2.

°Propagation delay is measured from the zero crossing comparator input to the “Data Output” with 200 mV overdrive.

"Measurements were performed using a =100 mV square wave having a rise time under 5 ns; this was applied to the input of the zero crossing comparator. The
8resultant pulse pairing is the difference in delay times for two consecutive output pulses.

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other condition above those indicated in the operational section of this specification is not implied. Exposure to absolute
rating conditions for extended period may affect device reliability.

°44-pin PLCC package: §;, = +65°Clwatt.

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min
and max specifications are guaranteed, although only those shown in boldface are tested on all production units.

Specifications subject to change without notice.
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CHANNEL PROCESSING STAGES

The VGA Stage

The 30 dB variable gain stage input is biased at a potential of
5.0 V above analog ground. No additional dc bias is required,
but ac coupling is necessary. The bias voltage is maintained
during normal operation and during operation of the read-after-
write recovery clamp.

The VGA differential output stage is an emitter follower with
nominal d¢ biasing of 6.7 V. An internal 1.4 mA current source
provides bias current to the output emitter followers. Qutput
drive can be increased by an additional 1.4 mA by paralleling
external resistors to the analog ground. However, caution should
be exercised in order to avoid causing excess power dissipation
for the package. The recommended output level for the VGA is
300 mV p-p differential into 200 Q loads.

When the AD892E/ADS892T is used in the “VGA Set Gain”
mode, Control Bit A = 0 (Pin 5) and Bit B = 1 (Pin 4), the
VGA gain is programmable through the “VGA Level Set” pin
(Pin 11). The VGA gain and exponentiator scale factor are
trimmed with respect to the dc¢ control potential applied to the
“VGA Level Set” pin. A 0 V potential applied to the “VGA
Level Set” pin will produce a nominal VGA gain of 30 dB. Each
20 mV increment of voltage applied will produce a 1 dB reduc-
tion in VGA gain. Therefore, a simple equation can be used to
calculate the nominal gain of the VGA in this mode:

VGA Gain (dB) 30 — (150 X VsgrrEVEL)

The AD892E/AD892T offers a read-after-write overdrive
protection clamp. The clamp mode, Control Bit A = 0 (Pin 5),
Bit B = 0 (Pin 4), lowers the input impedance of the VGA from
nominally 24 kQ to 28 Q. In order for the clamp to operate cor-
rectly with an emitter driven input, a 50 {) minimum resistor
should be placed in series with the input coupling capacitors.
The input resistor can be used in conjunction with a shunt
capacitor to limit the input bandwidth. For example, a 100 ()
series resistor with a 10 pF shunt capacitor will limit the input
bandwidth to 75 MHz. When the VGA input is being driven by
an open collector driver with resistive termination, no additional
series resistors are required.
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Figure 16. VGA Gain Reduction vs. Frequency

The x4 Buffers

The inputs of these stages have on chip dc biasing of 4.2 V (the
internal reference voltage, Vggp); therefore, no input bias cur-
rent path needs to be provided. The inputs to the buffers should
then be ac coupled. When not used, the inputs should be
shorted together in order to avoid noise pickup and instability.

The nominal dc output level is 5.75 V with an internal 2.9 mA
pull down current source. OQutput drive can be increased in a
similar manner to that described for the VGA stage. Therefore,
output current can be increased by up to an additional 2.9 mA
by paralleling external resistors to analog ground. As before,
precautions to limit excessive overall power dissipation apply
when steps are taken to increase the output drive capability.
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The Full Wave Rectifiers

The inputs to the three full wave rectifiers are biased at an
internal voltage of 5 V; therefore, only ac coupling is recom-
mended. The full wave rectifier outputs consist of three nearly
identical stages. All three employ emitter follower outputs. The
nominal output voltage with zero input voltage is close to the
reference voltage of 4.2 V (Pin 39).

The rectified output to the sample-and-hold amplifier (Pin 34)
has an internal 2.15 k() resistor in series with one diode tied to
ground. This allows for accurate AGC operation in sinusoidal
fields; however, if your application requires a peak-hold mode
AGC operation, the AD892E/AD892T can be ordered with the
resistor removed.

The other two full wave rectifier outputs — one rectified signal
to drive the differentiator network and another to derive the
threshold for the peak detector — are connected directly to their
respective emitter follower output stages. Neither output has a
built in pull-down resistor. Therefore, to obtain a zero nominal
offset, their quiescent currents must be matched. A 1 mA quies-
cent current is recommended to ensure accurate operation.



The AGC Sample and Hold

When the AD892E/AD892T is used in the “AGC Acquire”
mode, Control Bit A = 1 (Pin 5) and Bit B = 1 (Pin 4), the
AGC level is programmable through the “AGC Level Set”

pin (Pin 8). The AGC Level is defined as the AVERAGE of
the full wave rectifier output voltage (Pin 34). A 400 mV dc
potential applied to the “AGC Level Set” pin will produce a
nominal average AGC level of 200 mV. Each 10 mV increment/
decrement of the applied “AGC level set” voltage will produce a
5 mV increase/decrease in the average AGC level. Therefore, a
simple equation can be used to calculate the nominal AGC level
in this mode:

AGC Level = 0.5 X Vaige LEVEL SET

Without a peak hold capacitor at the full wave rectifier output
for the sample-and-hold amplifier (Pin 34), accurate AGC opera-
tion only occurs with sinusoidal input signals. If your applica-
tion requires the AGC operation 1o use a peak hold scheme, the
ADS892E/ADS892T can be ordered with the pull down resistor
removed on the rectified signal output to the sample-and-hold
amplifier (Pin 34). The removal of this resistor now allows the
user to program the degree of peak hold, by applying a RC
combination to the rectified signal output for the sample-and-
hold amplifier. The addition of the capacitor alters the symme-
try of the attack and decay rates of the rectifier, which is other-
wise symmetric in operation. In order to ensure that the overall
AGC response is the same for both high to low and low to high
input level steps, it is necessary to make the rectifier attack and
decay times at least a factor of two less than the AGC response
time.

The AGC acquire time is approximately 1 s per 1000 pF of
hold capacitor applied at Pin 22. A low leakage variety of hold
capacitor, such as a silver mica, is necessarv to ensure a low
droop rate. The “VGA Level Set” pin should be tied to analog
ground if not used.

The AGC control potential is present at the “sample-and-hold
capacitor” pin. If control over open loop gain is desired, based
on AGC control potentials measured during trial AGC opera-
tions, a FET input op amp should be used to buffer this node
in order to avoid disturbing the hold operation.

ATTACK/DECAY TIME - ps

01

100

Figure 18

1000 10000
CAPACITANCE - pF

. AGC Attack/Decay vs. Capacitance



DATA QUALIFIER STAGES

The data qualifier section of the AD892E/AD892T consists of
two comparators, one D-type flip-flop, an internal bandgap ref-
erence and a pair of externally adjustable one-shots. One com-
parator is used to provide data amplitude qualification, while the
other acts as a zero-crossing detector when used with an external
passive differentiator circuit.

Figure 19 illustrates the operation of the data qualifier using the
recommended passive delay line differentiator described in the
Application section. Sequence “A” represents the pattern writ-
ten on the disk where a Logic “1” is a change in magnetic state.
Each change in magnetic state results in an output pulse. The
analog input to the data qualifier consists of a sequence of recti-
fied pulses “B.” The data pattern shown is worst case for a
RLL 1, 7 code input. “C” represents the output waveform from
the external differentiator, such that the points at which zero-
crossings occur correspond to the peaks of the analog input
“B.” Sequence “D” shows the output from the zero-crossing
comparator. Changes in state of this output are used to clock
the internal D-type flip-flop. The flip-flop is enabled using the
output “E” from the amplitude-threshold comparator. The
amplitude-comparator output changes state only when the ana-
log input exceeds the programmed threshold level. When the
threshold level is exceeded and a zero-crossing event occurs, the
flip-flop changes state, producing an output pulse “F.” The
duration of this pulse, seen at the “Data Output” pin (Pin 43),
is set using an external resistor (applied between Pin 42 and V),
as is the internal time-out (a resistor applied between Pin 41 and
Vs) which is used to prevent noise induced retriggering. The
final output data sequence is shown in “G”. As can be seen,
despite inflections in the analog input, the data is correctly
detected and the outpur is a time-shifted version of the write
data.

Since the RLL 1, 7 code input is the most demanding of the
popular encoding schemes to qualify, the AD892E/AD892T
easily handles such other codes as MFM and RLL 2, 7.

GENERAL LAYOUT REQUIREMENTS

The channel processing section of the AD892E/AD892T has
almost 60 dB of total gain available at 50 MHz. Good RF layout
must be used in the circuit board to avoid oscillations in the 150
MHz to 350 MHz region. A single pole RC filter applied at the
input of each stage, with a cut-off in the region of 75 MHz to
125 MHz, will help avoid oscillation problems. As a general
rule, keep the connections to interstage components as short as
possible; it is also recommended that any low pass filtering that
may be required by the system be performed between the VGA
stage and the first x4 buffer amplifier. A ground plane should
be used to surround any interstage components wherever possi-
ble. If these simple rules are followed, stable operation should
be assured.

A parallel combination of 0.1 wF and 0.01 pwF ceramic capaci-
tors should be used as close to the supply pins as possible, for
both the +12 V analog (Pin 18), +12 V digital (Pin 40) and

+5 V (Pin 1) supplies. It is also recommended that the Vgygpgr.
eNnce (Pin 39) 1s decoupled with a 0.1 wF ceramic capacitor.

Extensive use of a ground plane is recommended. An analog
ground (Pin 28) is supplied for the AGC section, while two
digital grounds are supplied: one for the data qualifier section
(Pin 6), and one for the emitter of the open collector output
transistor (Pin 44 for the AD892T only). The digital ground
should be connected to the analog ground as near to the power
supply common as possible to minimize noise injection to the
analog ground.

The filter and output pulse setting resistors should be tied, as
directly possible, to the +5 V supply. To prevent the data out-
put pulse from coupling into the output pulse setting circuit, a
1000 pF capacitor can be used in parallel with the output pulse
setting resistor.
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Figure 19. AD892E/AD892T Operation for Worst Case 1-7 RLL
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A 15 MHz APPLICATION

Figure 20 shows a typical application using the AD892T in a
15 MHz channel. This circuit includes a 5-pole 15 MHz
Gaussian-to-6 dB transitional filter plus a second-order RLC
time domain equalizer. A single ended passive delay-line differ-
entiator is also included.

Using Equalizers with the AD892E/AD892T

The AD892E/ADS892T is ideal for applications where equaliza-
tion is employed. The x4 buffer output drivers are designed to
operate into 200 Q loads, making tapped delay-line designs easy.
Sum and differencing of different tap weights can be achieved
by simple resistive dividers.

The RLC Equalizer

As an alternative, a simple RLC network can be implemented to
provide a low cost, fully differential alternative to the three tap,
tapped delay-line equalizer which often is used for pulse slim-
ming. The equalizer shown in Figure 21 approximates a func-
tion in the form of F (wt) = 1 - k cos (wt). The approximation

R,

Figure 21. RLC Equalizer

is achieved by first creating a magnitude function and then add-
ing phase compensation to provide a flat group delay character-
istic over the frequency range of interest. Our 15 MHz applica-
tion example employs the cosine equalizer; where K = 0.6 and
7 = 24 ns. The magnitude and group delay characteristics of the
equalizer employed in the 15 MHz application are shown in Fig-
ures 22 and 23, respectively.

Magnitude Approximation
The magnitude approximation is achieved by an RC lattice
(Figure 24).
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The transfer function is as follows:

Vour = Ril-CR;S)
Vin CR, R; S+R; +2R;

at dc
Vour _ Ry
V]N 2R1 +R2

and at high frequency
Vour
Vin
In the above case we can see that K in the 1—Kcos(wt) expres-
sion is given by:

K= 2
R1 + Rz
and the average gain is then equal to:
Rl +R2
2R1 +R;

From these results we can see that K can be changed by altering
either R, or R,. However, doing so will change the frequency
response of the network. Normal rules of impedance scaling
should be followed when changing the value of either R, or R,.

Group Delay Approximation
An inductor can now be added to give a suitable group delay
response. We now have the RLC lattice depicted in Figure 25.

Figure 25. RLC Lattice

The complete derivation for the response of this equalizer is as
follows:
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NETWORK :

MAGNITUDE ; 2R, + Ry + SCRi Ry ]

TERM ISRy LC + S[L + CRi R;] +2R, + R,

There is no “best” solution to the group delay question. The
choice of inductor value in the 15 MHz application example was
based on SPICE simulation of the transfer function. However, if
K remains the same as in the example, then altering 7 becomes
a simple frequency scaling of the network.

If R, and R, remain unchanged

and if 17— 1’

T 7L
then C— — and L— —
T T
Any deviation from the K value given in the example will

require the value of L to be recalculated.

~10-



CHOICE OF LOW PASS FILTER WITH THE
RECOMMENDED EQUALIZER

A fifth order, Gaussian-to —6 dB transitional filter is recom-
mended for use with the equalizer. This type of low pass filter,
shown in Figure 26, is also used in the 15 MHz application
example. Low group delay ripple and high out-of-band rejection
make this design work well with the recommended equalizer
and differentiator networks. The recommended location for the
low pass filter is between the VGA and the first x4 buffer. The
equalizer is then placed between the first and second x4 buff-
ers. This minimizes the potential for oscillations induced by
interstage feedback.

14 OF 050 1.2uH 15uH
e
8pF 20pF 39pF <

2050 1.2pH 1.5puH

0.1pF
Figure 26. 5th Order Guassian to 6 dB Transitional Filter

The magnitude and group delay characteristics of this filter are
shown in Figures 27 and 28, respectively.

THE SINGLE ENDED PASSIVE DELAY-LINE
DIFFERENTIATOR

The recommended configuration of the passive delay-line differ-
entiator is shown in Figure 29. Again, this configuration is
employed in the 15 MHz application example.

AMP +

TO AMPLITUDE
LEVELIN+  COMPARATOR
(DIFF+)
e
SINGLE
ENDED
INPUT Co Lo TO
— _.0_”_JL_M~\_< ZERO-CROSSING
DETECTOR
E: & Ro i:
(DIFF-)
T0 TO L_.
ANALOG GND THRESHOLD

Figure 29. Single Ended Configuration of Passive Delay
Line Differentiator

RECOMMENDED COMPONENTS

1
fp = ———— fp = 1.5 Times the
27 VLp Cp Maximum Desired
Differentiated
R . 2 Frequency
D Ch

Rp Minimum Value: 120
150 Q or Greater is Recommended

1.3 =K =1.7
(Best Magnitude Response) (Best Group Delay Response)

Figures 30 through 33 show the typical performance to be
expected from the recommended passive delay-line differentia-
tor. The choice of components used to obtain these characteris-
tics are the ones used in the 15 MHz application example.
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PIN ASSIGNMENTS

C1RAG_A 5_A/90

Pin Description [e] [5] [«] [3] [2] [7] [+4] [#3] [#2] [e1] [40]
1 +5 V Supply E 1 IJ | 3 | 39]
2 No Connection (Can Be Left Floating) MODE {
3 No Connection (Can Be Left Floating) E CONTROJ Q onE ola E
4  Mode Control Bit B (TTL Compatible) j SHoT D
5 Mode Control Bit A (TTL Compatible) E FLIP EI
6  Digital Ground E = 5 FLOP E
7  No Connection (Can Be Left Floating) S‘L"é’ET 4 p.
8 “AGC Level Set” Input Voltage ET e R E
9  Variable Gain Amplifier Input (+) I
10 Variable Gain Amplifier Input (— ) E AD892E/ E]
11 “VGA Level Set” Input Voltage E AD892T E
12 No Connection (Can Be Left Floating)
13 Variable Gain Amplifier Output (—) E r—ﬂg
14  Variable Gain Amplifier Output (+) FWR
15 No Connection (Can Be Left Floating) E rd_l_E
16  #1 12.75 dB Buffer Input (- ) [ | x4 0]
17 #1 12.75 dB Buffer Input (+) I
18 +12 V Supply (Analog) [+7] [29]
19 #1 12.75 dB Buffer Output (+)

] 1
20 #1 12.75 dB Buffer Output (- ) [rs] [rof Toof [z o] [23) 1ze] lzs] [zef l27] [2]
21 No Connection (Can Be Left Floating)
22 Sample-and-Hold Capacitor
23 No Connection (Can Be Left Floating)
24 #2 12.75 dB Buffer Input (— )
25 #2 12.75 dB Buffer Input (+)
26  #2 12.75 dB Buffer Output (+)

27 #2 12.75 dB Buffer Output (— )

PACKAGE OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

44-Pin PLCC (P) Package

28  Analog Ground ——} |~ 0.045 TYP - f* 0.045 TYP

29  No Connection (Can Be Left Floating) { | lnnnnannnnnn 1 )

30 Full Wave Rectifier Input (+) | ° 7/—

31 Full Wave Rectifier Input (- ) ool (OENTIER = Looso oo

32 Rectitied Signal to Derive Threshold TP g TvP T h

33 Rectified Signal for Differentiator =) e

34  Rectified Signal to S/H; AGC Attack él A o021 (0533
and Decay Is Programmed at This Point TOP VIEW 5 “foo3o3an

35 Zero Crossing Comparator Input (+) N

36  Zero Crossing Comparator Input (— ) g 0052 (0812)

37  Minimum Threshold Level Input 5 0.026 (0.661)

38 Signal Amplitude Comparator Input L — 1

39  Internal Voltage Reference 0.020 MIN

40 +12 V Supply (Digital) Li%d%%“——’ L L

41 Apply Resistor to Program Time Domain 0695(17.68)gq | . 3?33 (‘f :31)
Filter Pulse Width oo e | ol

42  Apply Resistor to Program Output Pulse Width R PLes |

43 Data Output (Open Collector AD892T)
Data Output (+ ECL AD892E)
44  Data Output Ground (Emitter of Output Device AD892T)

Data Output (-~ ECL AD892E) ORDERING GUIDE

Model No. Package
ADS892EJP  44-Pin PLCC
AD892TJP  44-Pin PLCC

CAUTION
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected;
however, permanent damage may occur on unconnected devices subject to high energy electro-
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam
should be discharged to the destination socket before devices are inserted.

WARNING!
4,@

ESD SENSITIVE DEVICE

-12- AL 148V oy

DODIATEMN IN L O A





