ANALOG
DEVICES Multiple 2 MHz PGAs

AD75062/AD73068

FEATURES FUNCTIONAL BLOCK DIAGRAMS
Two or Eight Programmable Gain Amps in a
Monolithic IC V;‘f
Wideband: 2 MHz Bandwidth at All Gain Settings ;
Low Phase Shift: < 2.5° Up to 10 kHz, < 0.25° Up Vino - Vouto
to 1 kHz A
Independent PGA Gains of 1, 2, 4, 8, 16, 32, 64, or 128
Low Nonlinearity: < 0.04% at All Gains o
Low Input Bias Current: < 4 pA a1
Small Size: 16-Pin DIP or 44-Pin JLCC Package G2
Operates from +12 V Supplies Ao AD75062
APPLICATIONS A
EN
Sonar
Instrumentation .
Yo . Q Vours
PRODUCT DESCRIPTION
The AD75062 and AD75068 contain multiple programmable-
gain amplifiers in one monolithic circuit. The AD75062 has two
channels; the AD75068 has eight. Each PGA is complete, i
including amplifier, gain-setting network, and control latch, and O O
AGNDO AGND1 DGND

requires no external components. Each PGA may be indepen-
dently programmed for gains of 1 to 128, in powers of two. A
unique circuit design keeps the bandwidth constant at all gains:
the —3 dB point is 2 MHz (minimum, small signal).

On-chip voltage regulators for each channel ensure high

channel-to-channel isolation (88 dB minimum, dc to 1 kHz) “;ouro
and excellent power supply rejection (65 dB minimum, dc to ONE OF EIGHT PGA v°‘"‘
10 kHz). To reduce the effects of the impedance of external CHANNELS SHOWN vx

circuit interconnect between the chip and power supplies, the
AD?75068 includes two pins for each power supply voltage.

The high performance and functionality of the AD75062 and
AD75068 result in part from their fabrication in Analog
Devices’ BiMOS II process. This epitaxial BICMOS process
features bipolar transistors for precise analog circuitry; CMOS
transistors for high impedance inputs, dense logic and analog
switches; laser-trimmed thin-film resistors; and double-level
metal interconnects.

AGNDO
AGND1
AGND2
AGND3
AGND4
AGNDS
AGNDS
AGND7
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AD75062/AD75068 — SPECIFICATIONS &2 7% c: =1 o s o s

, AD75062A/AD75068A
Parameter Min Typ Max Units
GAIN AND GAIN ACCURACY
Gain Settings (G) 1, 2, 4, 8, 16, 32, 64, 128 A%
Gain Error
G=1t016 +0.4 +1.0 %
G = 32 or 64 +0.5 *1.5 %
G =128 *1.5 +2.5 %
Phase Shift, Input to Output (All Gains)
fix = DCto 1 kHz 0.1 0.25 Degree
fiw = DC to 10 kHz 1.0 2.5 Degree
Gain Matching Error Between Channels’
G=1 0.4 0.75 %
G=2t0128 0.75 2.0 %
DYNAMIC RESPONSE
Small-Signal Bandwidth (Voyr = 0.5V, -3 dB)
All Gains 2 3 MH:z
Full-Power Bandwidth (Vo = 5.0 V, =3 dB)
G=1 100 500 ., kHz
G =128 400 1,000 kHz
Settling Time to 0.01 % (AVour = £5.0V)
G=1 4 us
G =128 2 us
Gain Change Settling Time to 0.01%
(Vour = 5.0 V, All Gains; See Test Circuit 1) 35 4 ws
Slew Rate
G=1 . 5 10 Vips
G =128 50 70 Vips
Overload Recovery Time to 1%
(Vi = 5.0 V, All Gains; See Test Circuit 2) 6 ns
NONLINEARITY
(Vour = 4 V)
G=1 0.01 0.04 % FSR
G=2t032 0.005 0.01 % FSR
G =64 0.01 0.02 % FSR
G=128 0.01 0.04 % FSR
(Vour = 5 V)
G=1 0.1 0.3 % FSR
G=2t032 0.005 0.01 % FSR
G =64 0.01 0.05 % FSR
G =128 0.03 0.07 % FSR
INPUT CHARACTERISTICS
Input Bias Current (All Gains, T, = +25°C) 2 4 PA
Input Bias Current (All Gains, T, = Ty 10 Tyax) 60 100 PA
Input Capacitance 20 pF
Input Offset Voltage (G = 1 to 32) +6 +20 mV
Input Offset Voltage (G = 64 or 128) +4 +10 mV
OUTPUT CHARACTERISTICS
Voltage Range +5.0 \%
Current (Per Channel) *2.5 mA
CROSSTALK
Isolation Between Any 2 Channels®
600 Q)|150 pF Input (See Test Circuit 3)
DCto 1 kHz 88 dB
10 kHz 73 dB
100 kHz 55 dB
Grounded Input (See Test Circuit 4)
DC 10 100 kHz 100 dB
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AD75062/AD75068

AD75062A/AD75068A
Parameter Min Typ Max Units
NOISE
Voltage Noise (RTI, 0.1 Hz to 10 Hz)
G=1 7 wV p-p
G=16 3 wVv p—p
G =128 1 wV p-p
Voltage Noise Density (RTI, G = 1)
f=10Hz 400 650 nV/n/Hz
f =100 Hz 125 180 aVi/Hz
f=1kHz 95 125 nV/\/Hz
f = 10 kHz 8s 110 nV/A/Hz
Voltage Noise Density (RTI, G = 128)
f=10Hz 85 170 nV/\/Hz
f=100Hz 25 45 nV/\/Hz
f=1kHz 15 35 nV/A/Hz
f=10kHz 10 12 nV/\/Hz
TOTAL HARMONIC DISTORTION
THD (DC to 10 kHz, +4 V Output, G = 128) —-83 -75 . dB
POWER SUPPLY REJECTION
PSRR (Vpp, Vgs = *11.4 Vo £13.2 V)
DC 70 75 dB
10 kHz 65 70 dB
DIGITAL INPUTS
Logic “1” Voltage 2 Vob \%
Logic “0” Voltage 0 0.8 A%
Logic “1” Current 1 rA
Logic “0” Current 1 RA
POWER SUPPLY REQUIREMENTS
Voltage Range, Vpp and Vgg +11.4 *12 +13.2 \%
Supply Current, Ip,?
AD75062 14 17 mA
AD75068 42 66 mA
Supply Current, Ig?
AD75062 -12 -14 mA
AD75068 ~42 -60 mA
OPERATING TEMPERATURE
T Tmax -40 +85 °C
NOTES

'Gain matching error is determined by finding the maximum, minimum, and average of the gains of all channels on a chip and then calculating: gain matching
error = (maximum gain — minimum gain)/{(average gain).

Crosstalk isolation is determined by driving one channel with Vo = 5 V, Ry = 2 kQ)|j[400 pF, G = 1; and measuring a second channel with G = 128.
3Maximum supply current occurs when all channels are set to maximum gain. Iy, and Igg are measured at Vi, and Vg = 12 V.

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

Specifications subject to change without notice.

ORDERING GUIDE
Model Temperature Range | Number of Channels | Package Description | Package Option*
AD75062AD | —40°C to +85°C 2 Ceramic DIP D-16
AD75068A] | —40°C 1o +85°C 8 Ceramic JL.CC J-44

*For outline information see Package Information section.
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AD75062/AD75068

TEST CIRCUITS

Vin 0—{> l OVour +5V U
ANY GAIN %2'(9 IMPF _&v

Test Circuit 1. Gain Change Settling Time

+5V

OR Viy o—-D

- %
2&kQ

GAIN CHANGES
FROM ANY GAIN = 2
TO UNITY GAIN -

Test Circuit 2. Overload Recovery Time

DRIVEN CHANNEL

Vin Q—D _L —0Vour
GAIN =1 %2“9 I 400pF

MEASURED CHANNEL

NS ov,
%:m AT -
™ =

Test Circuit 3. Crosstalk, Ungrounded Inputs

l {> Oour

DRIVEN CHANNEL

Test Circuit 4. Crosstalk, Grounded Inputs

CAUTION

TIMING CHARACTERISTICS' ¢, = operatiog

temperature range; Vyg, Vss = +12 V unless otherwise noted)

Parameter Symbol Value Units Condition
Data Setup Time 4y 0 ns min
Write Pulse Width t, 80 ns min
Data Hold Time ty 80 ns min
NOTE
'Timing measurement reference level is 1.5 V.
Specifications subject to change without notice.
A0, A1 SELECT PGAs
GO-G2 SELECT GAIN
4 t t
N FALLING EDGE
HIGH = LATCHES DATA
TRANSPARENT
Timing Diagram 1. AD75062
A0-A2 SELECT PGA
GO-G2 SELECT GAIN
4 t t
— RISING EDGE
WR LATCHES DATA
Low =
TRANSPARENT
Timing Diagram 2. AD75068
ABSOLUTE MAXIMUM RATINGS*
(T, = operating temperature range unless otherwise noted)
Vppto DGNDorAGND . ............. -03V, +18V
Vgsto DGNDor AGND .............. -18V, +0.3V
VobtOVgg o ov i -0.3V, +264V
VwtAGND ...... ... ... .. i Vsss Vob
Digital Inputs o DGND . .. . ............ -0.3V, Vpp
AGNDtwoDGND ................... -03V,+03V
Power Dissipation (T, = +85°C) ............... 1.7W
Storage Temperature . ............... -65°C to +150°C
Lead Temperature (Soldering, 10sec) ........... +300°C
Short Circuit Duration . ................... Indefinite

(Output Connected to Ground, Power Dissipation <max)

*Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.

ESD (electrostatic discharge) sensitive device. The AD75062 and AD75068 have been character-
ized in accordance with MIL-STD-883C, Method 3015 (Human Body Model), with no degrada-
tion in performance observed for levels up to +1,000 V. Unused devices must be stored in
conductive foam or shunts. The protective foam should be discharged to the destination potential

before devices are removed.

WARNING!

W&d

ESD SENSITIVE DEVICE
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AD75062/AD75068

CONFIGURING THE AD75062 AND AD75068

The gain of each channel in the AD75062 may be programmed
individually or both channels may be set to the same gain simul-
taneously. To set gains in the AD75062, apply the address(es)
to the address inputs and the desired gain value to the gain in-
puts GO0~G2, and then activate the ENable input by pulsing it
high. This operation is summarized in Table IA and the timing
is illustrated in Timing Diagram 1.

The gain of each channel in the AD75068 is individually pro-
grammable. To set the gain of a channel, apply its address to
inputs A0-A2 and the desired gain to inputs G0—G2, and then
activate the WR/ input by pulsing it low. This operation is sum-
marized in Table IB and the timing is illustrated in Timing
Diagram 2.

Table IA. Operation Truth Table—AD75062

Gain Selection Channel Addressing
G2 | G1 | GO | Gain Al | A0 | Channel
0 0 0 1 0 0 0
0 0 1 2 0 1 Neither
0 1 0 4 1 0 Both
0 1 1 8 1 1 1
1 0 0 16 —_
1 0 1 32 __Write Modes
1 1 0 |64 EN | Operation
1 1 1 128 0 Latched

1 Transparent

Table IB. Operation Truth Table—AD75068

Gain Selection Ch 1 Addressing
G2 | G1 | GO | Gain A2 | Al | A0 | Ch 1
0 0 0 1 0 0 0 0
0 0 1 2 0 0 1 1
0 1 1} 4 0 1 0 2
0 1 1 8 0 1 1 3
1 0 0 16 1 0 0 4
1 0 1 32 1 0 1 5
1 1 0 64 1 1 0 6
1 1 1 128 1 1 1 7
Write Modes
WR | Operation
0 Transparent
1 Latched

REV.0

ANALOG CIRCUIT CONSIDERATIONS
Please refer to the Recommended Circuit Schematics when read-
ing the following section.

Grounding Recommendations

The AD75062 has three pins and the AD75068 has nine pins for
analog and digital grounds, designated AGND and DGND. The
AGND pins are the ground return pins for the amplifiers. They
should be connected to the analog ground point in the system.
Any external loads should be returned to system ground.

The DGND pin returns current from the bus interface and logic
circuitry of the AD75062/AD75068 to ground. This pin should
be connected to the digital ground point in the circuit.

Analog and digital grounds should be connected at one point in
the system. If there is a possibility that this connection may be
broken or otherwise disconnected, then two diodes should be
connected in inverse parallel between the analog and digital
ground pins of the AD75062/AD75068 to limit the maximum
ground voltage difference.

Power Supplies and Decoupling
The AD75062/AD75068 requires two power supplies for proper
operation. Vo, and Vg are nominally +12 V.

Decoupling capacitors should be used on the power supply pins.
Good engineering practice dictates locating the bypass capacitors
as near as possible to the package pins. Recommended values
are 4.7 pF tantalum and 0.1 F ceramic at each of two places:
Vpp and Vg to analog ground.

Input Considerations

Input pins have a small amount of capacitance to ground and to
adjacent inputs. To maximize bandwidth and minimize crosstalk,
each input should be driven by as low a source impedance as
possible.

QOutput Considerations

Each amplifier output can source or sink *2.5 mA of current to
an external load. Short-circuit protection limits load current to a
mazximum load current of 40 mA. Load capacitance of up to
400 pF can be accommodated with no effect on stability.

Transistor Count
The AD75062 contains 1,170 transistors. The AD75068 contains
4,680 transistors.
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AD75062/AD75068

PIN DESCRIPTION—AD75062

PIN DESCRIPTION —AD75068

Pin Name Description Pin Name Description
1 Vob +12 V Power Supply 1 AGNDS Analog Ground for PGA 5
2 EN Enable (Active High) 2 AGND6 Analog Ground for PGA 6
3 A0 Select Channel 0 (Active Low) 3 VouTs Output of PGA 6
4 Al Select Channel 1 (Active High) 4 Vine Input of PGA 6
5 GO Gain Input Bit 0 (LSB) b Ving Input of PGA 7
6 Gl Gain Input Bit 1 6 Vourr Output of PGA 7
7 G2 Gain Input Bit 2 (MSB) 7 AGND7?7 Analog Ground for PGA 7
8 DGND Digital Ground 8 NC No Internal Connection
9 Vs —12 V Power Supply 9 Vb1 +12 V Power Supply
10 Vour: Output of PGA 1 10 NC No Internal Connection
11 AGND1 Analog Ground for PGA 1 11 NC No Internal Connection
12 Vi Input of PGA 1 12 DGND Digital Ground
13 Vino Input of PGA 0 13 NC No Internal Connection
14 AGNDO Analog Ground for PGA 0 14 NC No Internal Connection
15 Vourto Output of PGA 0 15 Vss1 ~12 V Power Supply
16 NC No Internal Connection 16 NC No Internal Connection
17 AGNDO Analog Ground for PGA 0
PIN CONFIGURATIONS 18 Vouto Output of PGA 0
19 Vine Input of PGA 0
Voo E N i8] N 20 Vini Input of PGA 1
21 Vout: Output of PGA 1
en [2] 5] Vouro 22 AGND1 Analog Ground for PGA 1
% [3] [14] AGNDo 23 AGND2 Analog Ground for PGA 2
A1 E AD75062 1__3-] Vivo 24 Vour: Output of PGA 2
TOP VIEW 25 Vinz Input of PGA 2
Go E {Not to Scale) El Vini 26 VIN3 Input of PGA 3
616 1] aanp1 27 Vours Output of PGA 3
a[7] 0] vour 28 AGND3 Analog Ground for PGA 3
29 Vss2 -12 V Power Supply
oowo [s] 9 | Ves 30 NC No Internal Connection
31 G2 Gain Input Bit 2 (MSB)
o o 32 Gl Gain Input Bit 1
NV E Y 2 33 GO Gain Input Bit 0 (LSB)
sy aa PSP 34 WR Write Input; Active Low
TR ][« ] (4] [«] 35 A2 Address Input 2 (MSB)
] 36 Al Address Input 1
37 A0 Address Input 0 (1.SB)
38 NC No Internal Connection
39 Vb2 +12 V Power Supply
40 AGND4 Analog Ground for PGA 4
41 Vouts Output of PGA 4
AD75068 42 Ving Input of PGA 4
TOP VIEW 43 Vins Input of PGA 5
(Not 1o Scale) 4 Vours Output of PGA 5
Leef[s][z0] 21 Jlzz][2a] {2l 25 ] |26 7]
2 EEcp 8 g 2
NC = NO INTERNAL CONNECTION
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AD75062/AD75068

O +12V
ANALOG {
INPUTS ANALOG
OUTPUTS
GAIN L L
<
SETTING > $Rioan
ADDRESS { SYSTEM
GROUND
ENABLE

-12v

Recommended Circuit Schematic - AD75062

OPERATING PRINCIPLES

To maintain a fixed closed-loop bandwidth, each channel’s
amplifier input-stage transconductance changes as its gain set-
ting changes. This is done by engaging more PMOS devices in
parallel to form the input stage: with the gain set to 1X, two
devices make up the input stage; at a gain of 8%, 16 devices;
finally, with gain set to 128X, 256 devices operate in parallel.
When the gain is set to 1X, approximately 20 pA flow in the
input stage; at a gain of 128, about 3 mA flow.

The noise and input offset specifications reflect this input-stage
design. Generally, the input offset falls as the gain is increased,
due to the averaging effect of more devices in the input stage.
The input noise will fall also, since it has a thermal component
proportional to the square root of the input transresistance. As
the gain increases, more devices are paralleled, the active gate
area increases, and the 1/f noise component decreases. The input
capacitance and leakage are not affected by gain changes, because
the sources of the PMOS devices are switched, not their gates.

The AD75062/AD75068 is a conventional two-stage amplifier in
other respects. An output integrator with a fixed-value capacitor
sets the bandwidth. Because the input-stage current increases
with gain, the amplifier’s slew rate greatly increases and the set-
tling time decreases at higher gains. Furthermore, the full-power
bandwidth is almost constant for gains from 1X to 128X.

To give high channel-to-channel isolation and good power-
supply rejection, the chip individually regulates the supplies to
each amplifier. These regulators require some voltage headroom,
so the input and output voltage ranges are restricted to x5 volts
at low supply voltages (x11.4 V).

THERMAL DESIGN CONSIDERATIONS —AD75068

The AD75068, due to its wide gain-independent bandwidth and
high integration, may dissipate up to 1.6 W of power in certain
operating modes. The reliability of the AD75068 will be signifi-
cantly enhanced by keeping it as cool as possible, and by not
exceeding the maximum junction temperature of 175°C.

REV.0

O +12V
ANALOG
INPUTS
~ ANALOG
5)Viy  AD75068 | | +]anF ouTRUTS
RS
Vourr (8,
(33) Go-LsB j 99
GAIN )} _ e 4 otufl $SSRiom
SETTING -
3) c2-mse  AaNpo () [CERAMC
37) A0-LSB  AGND1[22)
) 1
ADDRESS (36) A1 P SYSTEM
1 GROUND
G5) A2-msB
aano; (TH, |47
WRITE 34) WA =~
0.1uF
peND  Vest V. =N
2 n ™ CERAMIC
—12v

Recommended Circuit Schematic — AD75068

Certain applications may require an external heatsink, forced
air, or other cooling.

The power dissipation of the AD75068 is a function of the gains
selected for all of the channels. The worst-case power dissipation
(Pp) can be estimated from this equation:
7
Pp = 600mW + 3, (Gey X 1 mW)
ch=0

where Gy is the gain (1, 2, 4, 8, 16, 32, 64, or 128) of the
respective channel (0 through 7). With all eight channels set at
minimum (1 X) gain, the AD75068 will typically dissipate less
than 600 mW. For each doubling of gain, the gain-dependent
portion of the power dissipation per channel will also double.
For example, if all channel gains are set to 2 X, the power
dissipation could increase to 600 mW + 8 X (2 X 1 mW)

= 616 mW. If all channels are operated at maximum gain
(128x), the power dissipation could increase to 600 mW + 8 X
(128 X 1 mW) = 1.62 W.

The junction temperature of the device in a specific application
can be computed from the thermal resistance of the package and
the estimated power dissipation, e.g.,

Tyuncrion [°Cl = Tamsient [°C] + Pp [W] X 65,4 [°C/W]
or

Tyuncrion [°C] = Tease [°C] + Pp [W] X 85¢ [°C/W]
where 6, is the junction-ambient and 8¢ is the junction-case
thermal resistance.

The actual thermal resistance depends on the mounting configu-
ration of the device and the air flow over it. The thermal resis-
tance of the AD75068 has been measured in the following
conditions for devices soldered to a printed-wiring board operat-
ing near the maximum power dissipation, with and without a
heatsink. The heatsink was an EG&G Wakefield Engineering
part #651-B (6 x 10 x 19 mm) artached with cyanoacrylate
adhesive.
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AD75062/AD75068

Table II. AD75068 Thermal Resistance

Condition Thermal Resistance (°C/W)
054 O5c
Without Heatsink
Still Air 40 17
200 lfpm 30 15
With Heatsink
Still Air 37 ) 14
200 lfpm 24 10
400 lfpm 19 8
600 lfpm 17 7
800 lfpm 15 7

The data in the above table is graphed in Figure 1.
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Figure 1. Thermal Resistance
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The reliability of the AD75062/AD75068, as measured by the
mean-time-to-failure (MTTF), is directly dependent on the junc-
tion temperature. The MTTF will increase by approximately
50% for each 13°C decrease in junction temperature, as shown
in Figure 2 below. This calculation was based on Military Hand-
book 217E, “Reliability Prediction of Electronic Equipment.”
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Figure 2. Relative Reliability vs. Temperature
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