@ PLESSEY

Semiconductors

SL9999

400MHz ADC DRIVER-AMPLIFIER

The Plessey SL9999 is a monolithic high speed high
performance operational amplifier. Although primarily
intended to drive the inputs of analog to digital converters,
the device is capable of driving any other circuit including weorvee (1~ 1sfwee
those that present a low impedance and high capacitive load.
Many other internal features such as programmable open ws ]2 15[] ouTPUT ver
loop gain, programmable output current, internal band gap INVERTING INPUT [|3 14[] ourput+
voltage reference, DC buffer and output DC offset circuitry
give the device the flexibility for use in a wide range of “0¢ cLogee *FO™
applications. R []5 12[] OUTPUT CURRENT SOURCE
NON-INVEATING INPUT (|6 11[1 outeut ver
ORDERING INFORMATION weut vee [}7 10]] BuFFER Ver
BUFFER INPUT |8 9|7 Burrer outPuT
$L9999C DP (Commercial Plastic DIL 0° to 70°C)
SL9999B DG (Commercial Ceramic DIL -40° to +85°C)
SL9999B LC (Commercial LCC -40° to +85°C) DG16, DP16
SLII9INA IC (Naked Chip)
FEATURES S EEE
“ o~ - ¥ 3
B Gain-Bandwidth Product 2GHz at 20dB
B Unity Gain-Bandwidth 400MHz INVERTING INPUT & 1» OUTPUT -
B Slew Rate 1300V/ ps Rising (typ) o L9999 naer
B Slew Rate 630/V s Falling (typ) NON-INVERTING INPUT 1 15 DUTPUT CURRENT SOURCE
B  +50mA Output Current (Programmable) INPUT Ve ¢ 1 OUTPUT Ve
[ ] Non-saturating ~ 3 = = &
B High Output Drive S§EES
B On-chip LF Buffer for Applying DC Offset -
8  Flexble Supply Range: £
Vee = +8V o +12V
VEe = -4.5V 10 -55V Lcao
B Output Signal Handling (Vcc = +12V, VEe = -52V)
Vout= 6V p-p (max.) Fig.1 Pin connections - top view
B input Signal Handiing {Vcc = +12V, Vee = -5.2V)
Vin= +28V to -2 5V {(max.)
ABSOLUTE MAXIMUM RATINGS
APPLICATIONS Supply Voltage (Vce to Ver) 20V
Input Voltage (Inv I/P to Non-Inv I/P) +5V
| High Speed Flash ADC Driver Storage Temperature -65°C to +175°C
: ; Chip Operating Temperature +175°C
u W!deband’ Buffer/l._.evell Shifter Operating Temperature: DIL -40°C to +85°C
B wideband IF Amplification Thermal Resistances:
B video Amplifier/Line Driver DG Chip-to-Ambient: DIL 120°C/W
] ing Pulse Amlifi DG Chip-to-Case: DIL 40°C/W
Fast Seftling Pulse Amplifier DP Chip-to-Ambient: DIL 100°C/W
B High Speed Op-Amp Applications DP Chip-to-Case: DIL 40°C/W
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SL9999

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tun  25°C. Vec - - 12V, Vee -5V, Test circuit Fig 3.

Characteristic Min. \:_ayl:e Max. Units Conditions

Equivalent input noise 33 nV/A/Hz | 500 source impedance,
BW = 100MHz

Supply current (no load) 35 43 mA Vee = +12V, Vee = -5V

Gain-bandwidth product 2 GHz X 10 gain

Unity gain bandwidth (small s1g) 400 MHz Re = 82002, RL = 500

Slew rate RISING 800 1300 Vius RL = 500

Slew rate FALLING 500 630 Vius RL. = 500

Settling time 24 ns To 1% ( X10 gain)

Open loop gain 65 dB 500 load

Maximum [ +50 mA Programmable
See Application Notes

Qutput bias current 15 17 20 mA Pin 12 O/C

Supply Iine rejection 40 dB Referred to input

Supply vottage Vee to Vec 125 18 \

Common mode rejection 55 dB 500 load

Input offset (Note 1) +5 +15 mV Re = 100Q

Input bias current 45 18 uA

Butfer bandwidth 60 MHz -3dB AL = 1kQ}
(Putldown resistor)

Buffer output current 15 mA

NOTE

input offset 1s dependent on R For lowest offset Rc = 0 ohms
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Fig.2 Equivalent circuit with standard external components
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APPLICATION NOTES

The SL9999 may be used as a high frequency ampilifier in
any of the usual op-amp configurations (amplifiers,
integrators, etc.).

In most applications, the output of the SL8999 is taken
from pin 13 (Vout), DC level shifting can be obtained by
applying feedback from pin 13 to pin 3 and taking the output
from pin 14 (Vou -, see Fig.2). Alternatively, a DC offset can
be applied through the low-drift on-chip buffer (pins 8 and 9)
to Ve.

The Zener diode between pins 13 and 14 can also be
divided into smaller value Zeners or resistors to give a range
of DC levels at the output.

Biasing Conditions (25°C)

For undistorted outputs the peak signal voltages on Vo +,
Vo- and the inputs should comply with the following
conditions:

A Votwm > “ETVE g4
B. Vo + max < Vec- 4.0V

C. Vo- MmN = Vee + 1.4V

D. VitandVi- < Voo +Vee -09v
E. Vi+and Vi- = Vee + 3.2V

Bias voltage values at several nodes are indicated on Fig.2.

Rext is connected from pin 12 to pin 11 (VEeE) to increase
output bias current low. This current should not exceed
50mA. The value of Rex is calculated as follows:

500 a
lout - 16

where loutis in mA.

The on-chip LF buffer has a small-signal bandwidth of
60MHz with 1kQ load, and has an input/output signal
handling capability of 8V. The output can deliver 15SmA: an
external pull-down resistor is required.

Rext =

SL.9999

High Frequency Stability

All component leads should be kept as short as possible,
particularly at the summing junction. Also it is important to
keep stray capacitance at the summing junction to an
absolute minimum.

A ground plane should be used to minimise any earth
induced currents between the input and output circuits.

The use of good power supply bypass capacitors {10nF
Ceramic) will improve the overall performance. They should
be close to the device supply pins. We also recommend
electrolytic capacitors in parallel with Ceramic for supply
decoupling.

Locate the signal source and load close to the circuit with
proper termination - for 50Q source use a 500 bead resistor.
Other resistors should be carbon composition.

Voltage Gain

Stable closed loop operation ts ensured by changing the
value of the degeneration resistor (Re) between pins 4 and 5
according to the selected closed loop gain. As closed loop
gain decreases the value of Re should be increased.

A graph of recommended Re with gain is given in Fig.4.

Power Dissipation

A Zener diode 1s used between pins 13 and 14 to dissipate
power externally and to provide DC offset of the output.

For -5V, +12V range a 47V to 5 1V Zener may be used.

For lower cost applications a bypassed resistor can
conveniently replace the Zener diode. lts value may be
calculated from the voltage drop and current through the
output stage. For example. for 15mA output current a 33002
resistor could be used.

Although some power 1s dissipated in the external Zener, a
heatsink on the SL9999 will be necessary If power >>800mwW
1s to be dissipated.

Bandwidth Compensation

Bandwidth at higher gains can be improved by a capacitor
(Ce¢) across the degeneration resistor Re For example, a non-
inverting closed loop gain of 10, 10pF wilt increase the
bandwidth to 280MHz at 50Q load condition.

A decoupling capacitor (Ce) from pin 5 will compensate the
first pole roll-oft and hence reduce the noise bandwidth. For
a 200MHz bandwidth an 18pF capacitor may be used with the
suggested PCB layout on page 6.

A capacitor (C) and resistor (R¢) of suitable value between
the two tnputs will reduce high frequency peaking.
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SL9999
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Fi1g9.4 Typical closed loop gain v. minimum value of

degeneration resistar Re
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NOTE" input offset is proportional to Re value
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Fig.6 Typical frequency/phase performance graphs for the
circuit of FIg.3, X1 gain, non-inverting, 500 load,
Rr = 56000 R1 = .

Fig.8 Small signal response
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o Cc = 22pF
2 Ce = 15pF
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FREQUENCY (MHz)
%20 NON-INVERTING
VCC = +12V, VEE = -8V

Fig.5 Typical frequency response for the test circuit of Fig.3,
X20 gain, non-inverting, 500) load, Rr = 10.6kQ, R1 = 560%),
Re = 2202,

Fi19.7 Test circuit for large and small signal response, and slew
rate (see Figs. 8 to 11). Vecc = +12V, Vee = -5V.

Fig.9 Large signal response




SL9999

Fig.11 Falling edge 10% to 90 % points 630V/us
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Fig.12 Application circuit for capacitor load e.g. high speed 10 100 g8 §
flash ADC input FREQUENCY (MHz)
Fig.13 Typical frequency response plots for the circuit of Fig.12
(Load 22pF//1.2kQ).
TYPICAL APPLICATION
Response Gain Rt Ri Re Ct Rext | VO/P Vce VEe
(see Fig.13) (9)) ((9)] (19)] (P9 {9)] (p-p) v) (4
A x1 2.2k ad 1.8k 0 e 1 +12 -5
B X2 560 560 1.2k 18 50 2 +12 -5
[9] X5 2.2k 560 270 10 e 1 +12 -5
D xX10 5.6k 560 68 0 10 1 +12 -5

Table 1 Recommended components values for the test circuit of Fig.12

NOTE
Crand C. are dependent on layout and used to compensale the effects of strays
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$L9999

For applications that require accurate gain flatness over
the full frequency range, the inverting mode of operation is
recommended. See Fig.14.

50

+12v

8k RX 47Kk 27
2k

Fi19.15 Typical test/applications circuit for inverting mode.
Load 33pF:1.2k02.
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Fig.16 Frequency response of SL9999 with C. = 33pF.
C- =27pF. R =680, R. = 1.2k. C. = 1.8pF, R: = 560,
Vo = 1V p-p (See Test Circuit of Fig.15)




SL9999
CONSTRUCTION

o
*358888" Demo

8 o Board

(a) SL9999 ground plane, component side

’o ° o
: .%E‘iFa °
ags 8053

(b) SL9999 board, track side

{c) Component location. NOTE: I/P and O/P are sub-vis type
50Q connectors.

Fig.16 PCB layout for SL9999 demonstration board (Fig.12) viewed from component side and underside




SL9999

INVERTING

$1L9999
O o 2% DEMO
0888880

cogefgge °©
godi
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ouUTPUT -

(a) SL9999 ground plane, component side

(b) SL9999 board, track side
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(c) Component location (1:1 scale)

Fig.17 PCB layout for SL9999 demonstration board. NOTE1/P and O/P are sub-vis type 50Ck connectors. Rrand C fare on the track side.
Gold socket pins to mount SL9999 for test circuit
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