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MAX104

+5V, 1Gsps, 8-Bit ADC with
On-Chip 2.2GHz Track/Hold Amplifier
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Figure 1. Simplified Functional Diagram

Detailed Description

The MAX104 is an 8-bit, 1Gsps flash analog-to-digital
converter (ADC) with on-chip track/hold (T/H) amplifier
and differential PECL-compatible outputs. The ADC
(Figure 1) employs a fully differential 8-bit quantizer
and a unigue encoding scheme to limit metastable
states to typically one error per 1078 clock cycles, with
no error exceeding 1LSB max.

An integrated 8:16 output demultiplexer simplifies inter-
facing to the part by reducing the output data rate to
one-half the sampling clock rate. This demultiplexer
has internal reset capability that allows multiple

12

MAX104s to be time-interleaved to achieve higher
effective sampling rates.

When clocked at 1Gsps, the MAX104 provides a typi-
cal effective number of bits (ENOB) of >7.5 bits at an
analog input frequency of 500MHz. The analog inpul of
the MAX104 is designed for differential or single-ended
use with a £250mV full-scale input range. In addition,
this ADC features an on-chip +2.5V precision bandgap
reference. If desired, an external reference can also be
used.

MAXI M
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+2.7V, Low-Power, 8-Channel,

Detailed Description

The MAX146/MAX147 analog-to-digital converters
(ADCs) use a successive-approximation conversion
technique and input track/hold (T/H) circuitry to convert
an analog signal to a 12-bit digital output. A flexible ser-
ial interface provides easy interface to microprocessors
(uPs). Figure 3 is a block diagram of the MAX146/
MAX147.

Pseudo-Differential Input
The sampling architecture of the ADC’s analog com-
parator is illustrated in the equivalent input circuit
(Figure 4). In single-ended mode, IN+ is internally
switched to CHO—CH?7, and IN- is switched to COM. In
differential mode, IN+ and IN- are selected from the fol-
lowing pairs: CHO/CH1, CH2/CH3, CH4/CHS5, and
CH6/CH?7. Configure the channels with Tables 2 and 3.

In differential mode, IN- and IN+ are internally switched
to either of the analog inputs. This configuration is
pseudo-differential to the effect that only the signal at
IN+ is sampled. The return side (IN-) must remain sta-
ble within +0.5L.SB (+0.1LSB for best results) with
respect to AGND during a conversion. To accomplish
this, connect a 0.1pF capacitor from IN- (the selected
analog input) to AGND.

During the acquisition interval, the channel selected as
the positive input (IN+) charges capacitor CHoLD. The
acquisition interval spans three SCLK cycles and ends

Serial 12-Bit ADCs

on the falling SCLK edge after the last bit of the input
control word has been entered. At the end of the acqui-
sition interval, the T/H switch opens, retaining charge
on CHoLD as a sample of the signal at IN+.

The conversion interval begins with the input multiplex-
er switching CHoLD from the positive input (IN+) to the
negative input (IN-). In single-ended mode, IN- is sim-
ply COM. This unbalances node ZERO at the compara-
tor's input. The capacitive DAC adjusts during the
remainder of the conversion cycle to restore node
ZERO to 0V within the limits of 12-bit resolution. This
action is equivalent to transferring a 16pF x [(Ving) -
(VIN-)] charge from CHoLD to the binary-weighted
capacitive DAC, which in turn forms a digital represen-
tation of the analog input signal.

Track/Hold
The T/H enters its tracking mode on the falling clock
edge after the fifth bit of the 8-bit control word has been
shifted in. It enters its hold mode on the falling clock
edge after the eighth bit of the control word has been
shifted in. If the converter is set up for single-ended
inputs, IN- is connected to COM, and the converter
samples the “+" input. If the converter is set up for dit-
ferential inputs, IN- connects to the “-" input, and the
difference of |IN+ - IN-| is sampled. At the end of the
conversion, the positive input connects back to IN+,
and CHoOLD charges to the input signal.

s il
sk o ®
INPUT INT
o> et e
SHON -2 LOGIC
CHo — Lz 15
=i ST | J QUTPUT &=DOUT
o 3 SHIFT O
CH > | REGISTER >33
cHa st 1 ANALOG ™
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e REF 20 <Vpp
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REFERENCE S .
o (MAX146) mmasm [
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Figure 3. Block Diagram
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Figure 4. Equivalent Input Circuit
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MAX1200

+5V Single-Supply, 1Msps, 16-Bit

Self-Calibrating ADC

Detailed Description

Converter Operation
The MAX1200 is a 16-bit, monolithic analog-to-digital
converter (ADC) capable of conversion rates up to
1Msps. It uses a multistage, fully differential, pipelined
architecture with digital error correction and self-cali-
bration to provide typically 91dB spurious-free dynamic
range at a 1Msps sampling rate. It also provides excel-
lent SNR and THD performance up to the Nyquist fre-
quency. This makes the device suitable for applications
such as data acquisition, high-resolution imaging,
scanners, digital communication, and instrumentation.

Figure 1 shows the simplified, internal structure of the
ADC. A swilched-capacitor, pipelined architecture is
used to digitize the signal at a high throughput rate.
The first four stages of the pipeline use a low-resolution
quantizer to approximate the input signal. The multiply-
ing digital-to-analog converter (MDAC) stage is used to
subtract the quantized analog signal from the input.
The residue is then amplified with a fixed gain and
passed on to the next stage. The accuracy of the con-
verter is improved by a digital calibration algorithm
which corrects for mismatches between the capacitors
in the switched-capacitor MDAC. Note that the pipeline

introduces latency of four sampling periods between
the input being sampled and the output appearing at
D15-DO0.

While the device can handle both single-ended or dif-
ferential inputs (see the Requirements for Reference
and Analog Signal Inputs section), the latter mode of
operation will guarantee best THD and SFDR perfor-
mance. The differential input provides the following
advantages compared to a single-ended operation:

e Twice as much signal input span
« Common-mode noise immunity
* Virtual elimination of the even-order harmonics

* |ess stringent requirements on the input signal pro-
cessing amplifiers

Requirements for Reference

and Analog Signal Inputs

Fully differential switched-capacitor circuits (SC) are used

for both the reference and analog inputs (Figure 2). This

allows either single-ended or differential signals to be

used in the reference and/or analog signal paths. The

signal voltage on these pins (INP, INN, RFP_, RFN )

should never exceed the analog supply rail, AVpp, nor
fall below ground.

INP
INN

DVipp

ST_CAL

DAV

CALIBRATION LOGIC

END_CAL

MNAXIN

DGND MAX1200

DAVop -

QUTPUT DRIVERS

D15-D0

Figure 1. Internal Functional Diagram
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+5V Single-Supply, 1Msps, 16-Bit

Self-Calibrating ADC

PSS

RFPF O

R

Eg

Figure 2. Simplified MDAC Architecture

Choice of Reference
It is important to choose a low-noise reference such as
the MAX6341, which can provide both excellent load
regulation and low temperature drift. The equivalent
input circuit for the reference pins is shown in Figure 3.
Note that the reference pins drive approximately 1k of
resistance on-chip. They also drive a switched capaci-
tor of 21pF. To meet the dynamic performance, the ref-
erence voltage is required 1o settle to 0.0015% within
one clock cycle. Carefully choose an appropriate driv-
ing circuit (Figure 4). The capacitors at the reference
pins (RFPF, RFENF) provide the dynamic charge
required during each clock cycle, while the op amps
ensure accuracy of the reference signals. These
capacitors must have low dielectric-absorption charac-
teristics, such as polystyrene or teflon capacitors.

The reference pins can be connected to either single-
ended or differential voltages within the specified maxi-
mum levels. Typically the positive reference pin (RFPF)
would be driven to +4.096V, and the negative refer-
ence pin (RFNF) connected to analog ground for best
SNR performance. If THD performance is more impor-
tant to the application than signal-to-noise ratio, choose
a lower level, differential voltage such as VRFps =
+3.5V and VRrng = +1.5V.

There are sense pins, RFPS and RFNS, which can be
used with external amplifiers to compensate for any
resistive drop on these lines, internal or external to the
chip. Ensure a correct reference voltage by using prop-
er Kelvin connections at the sense pins.

Common-Mode Voltage

The switched-capacitor input circuit at the analog input
allows signals between AGND and the analog power
supply. Since the common-mode voltage has a strong

MAXIMN

Figure 3. Equivalent Input at the Reference Pins. The sense
pins should not draw any DC current.

Ve =+4.096V

CHIP BOUNDARY

MAXIAN
MAX410

Figure 4. Drive Circuit for Reference Pins and Common-Mode
Pin

influence on the performance of the ADC, the best
results are obtained by choosing VcMm = (VRFPS +
VRENS) / 2. This can be achieved by using a resistive
divider between the two reference potentials. Figure 4
shows a typical driving circuit for good dynamic perfor-
mance.
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ANALOG
DEVICES

16-Bit 900 kSPS >.-A ADC with a
Programmable Postprocessor

AD772%

FEATURES
Programmable Filtering:

Any Characteristic up to 108 Tap FIR and/or IIR
Polynomial Signal Conditioning up to 8" Order
Programmable Decimation and Output Word Rate
Flexible Programming Modes:

Boot from DSP or External EPROM

Parallel/Serial Interface
Internal Default Filter for Evaluation
14.4 MHz Max Master Clock Frequency
0 V to +4 V (Single-Ended) or +2 V (Differential) Input

Range
Power Supplies: AVpp, DVpp: 5V = 5%

On-Chip 2.5 V Voltage Reference
44-Lead MQFP Package

TYPICAL APPLICATIONS
Radar

Sonar

Auxiliary Car Functions
Medical Communications

GENERAL DESCRIPTION

The AD7725 is a complete 16-bit, 2-A analog-to-digital con-
verter with on-chip, user-programmable signal conditioning, The
output of the modulator is processed by three cascaded finite
impulse response (FIR) filters, followed by a fully user-program-
mable postprocessor. The postprocessor provides processing
power of up to 130 million accumulates (MAC) per second. The
user has complete control over the filter response, the filter coeffi-
cients, and the decimation ratio.

The postprocessor permits the signal conditioning characteris-
tics to be programmed through a parallel or serial interface. It
is programmed by loading a user-defined filter in the form of a
configuration file. This filter can be loaded from a DSP or an
external serial EPROM. It is generated using a digital filter
design package called Filter Wizard, which is available from the
AD7725 section on the Analog Devices website.

REV. A

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties that
may result from its use. No license is granted by implication or otherwise
under any patent or patent rights of Analog Devices. Trademarks and
registered trademarks are the property of their respective owners.

FUNCTIONAL BLOCK DIAGRAM

AVpp O

AR AD7725

POST
PROCESSOR

PRESET
FILTER

DEFAULT FILTER
{ROM)

O XTAL OFF
0 XTAL
QO CLKIN

¢ SMODE1/DB15
O SMODEO/DB14

I Y Y

RD/WR ¢ O SCRIDB13

SOE CFGEND/DB12
crm'g CONTROL S o1y
DVAL/INT 9 O DB10

SDI/DBOOQ O FSO/DBS

INT/DB5 O
FSI/DBE O
SCO/DB7 O
SDO/DB8 Q

Filter Wizard allows the user to design different filter types
and generates the appropriate configuration file to be down-
loaded to the postprocessor. The AD7725 also has an internal
default filter for evaluation purposes.

It provides 16-bit performance for input bandwidths up to
350 kHz with an output word rate of 900 kHz maximum. The
input sample rate is set either by the crystal oscillator or an
external clock.

This part has an accurate on-chip 2.5 V reference for the modu-
lator. A reference input/output function allows either the
internal reference or an external system reference to be used as
the reference source for the modulator.

The device is available in a 44-lead MQFP package and is speci-
fied over a —40°C to +85°C temperature range.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 www.analog.com
Fax: 781/326-8703 © 2004 Analog Devices, Inc. All rights reserved.
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General Description

The MAX132 is a CMOS, 18-bit plus sign, serial-output,
analog-to-digital converter (ADC). Multi-slope integra-
tion provides high-resolution conversions in less time
than standard integrating ADCs, allowing operation up
to 100 conversions per second. Low conversion noise
provides guaranteed operation with £512mV full-scale
input range (2uV/LSB). A simple 4-wire serial interface
connects easily to all common microprocessors, and
twos-complement output coding simplifies bipolar mea-
surements. Typical supply current is only 60pA and is
reduced to 1pA in sleep mode. Four serially pro-
grammed digital outputs can be used to control an
external multiplexer or programmable-gain amplifier.
The MAX132 comes in 24-pin narrow DIP and wide SO
packages, and is available in commercial and extend-
ed temperature grades.

High resolution, compact size, and low power make this
device ideal for data loggers, weigh scales, data-acqui-
sition systems, and panel meters.

Applications

Remote Data Acquisition
Battery-Powered Instruments
Industrial Process Control

Transducer-Signal Measurement
Pressure, Flow, Temperature, Voltage
Current, Resistance, Weight

Functional Diagram

M AKX /W

+18-Bit ADC with Serial Interface

Features

¢ Low Supply Current:

60pA (Normal Operation)
1pA (Sleep-Mode Operation)

4 +0.006% FSR Accuracy at 16 Conv/sec
¢ Low Noise: 15uVRMS
¢ Serial I/0 Interface with Programmed Output for

Mux and PGA

¢ Performs up to 100 Conv/sec
4 12pA Input Current
¢ 50Hz/60Hz Rejection

Ordering Information

PART TEMP. RANGE  PIN-PACKAGE
MAX132CNG 0%Cto+70C 24 Narrow Plastic DIP |
MAX132CWG 0°Ct0+70°C 24 Wide SO
MAX132C/D 0Cto+70°C  Dice"

MAX132ENG  -40°Cto +85°C 24 Narrow Plastic DIP
MAX132EWG  -40°Cto+85C 24 Wide SO
MAX132MRG  -55°C to +125°C 24 Narrow CERDIP**

* Contact factory for dice specifications.
** Contact factory for availability and processing to MIL-STD-883.

Pin Configuration

—

TOP VIEW -
CRE+ = .
Vs +5V CS| 14 o4| V&
= 602k
= BUF OUT oI [ 2] 23] BuF oUT
S INT out ——-H| oouT [ 3 22] T oUT
--—— EOC 4.7nF
INTIN sok [4] anmxiaa fai] Nt
»—1 DN
e - osc2[5]  MAX132 20| CRE-
<—| pout i
mMmAXIM | 0sCt [ g] 19] CREF+
MAX132 PO
- INLO < (5 7 18{ REF+
- P INHI f————— +512mV INPUT Plls 17| R
-~ V- -5V P23 16| AGND
D DGND —— P [1g D
- S = EOC [ 11] 12] INHI
) |:| [ DGND 32 v
=T= = T
= = DIP/SO
N AXI1MN Maxim Integrated Products 1

Call toll free 1-800-998-8800 for free samples or literature.
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+18-Bit ADC with Serial Interface

+660mV for 60Hz mode operation or between +390mV
and +550mV for 50Hz mode operation. The pseudo-
differential input voltage is applied across pins 14 and
15 (IN HI, IN LO), and can range to within 2V of either
supply rail.

The inputs IN HI and IN LO lead directly to CMOS tran-
sistor gates, yielding extremely high input impedances
that are useful when converting signals from a high
input source impedance, such as a sensor. Input cur-
rents are only 2pA typical at +25°C. Figure 6 shows an
RC filter at the input to optimize noise performance.
Fault protection is accomplished by the 100kQ series
resistance. Internal protection diodes, which clamp the
analog inputs from V+ to V-, allow the channel input
pins to swing from (V- - 0.3V) to (V+ + 0.3V) without
damage. However, if the analog input voltage at the
pins IN HI or IN LO exceed the supplies, limit the cur-
rent into the device to less than 1mA, as excessive cur-
rent will damage the device.

Reference Voltage Selection
The reference voltage sets the analog input voltage
range. For the nominal £512mV full-scale input range, a
545mV reference voltage is used for the 60Hz mode
and a 655mV reference voltage is used in the 50Hz mode.
The reference voltage can be calculated as follows:

(545 counts) (512) VIN(FS)}

60Hz Mode: -
= e rir 262,144
or
655 counts) (512) )
50Hz Mode: Vgpgg = : A ¥NES)

262,144

The recommended reference voltage range is 500mV
to 700mV. The MAX132 is tested with the nominal
545mV reference voltage in 60Hz mode. Use amplifiers
or attenuators (resistor dividers) to scale other full-scale
input signal ranges to the recommended +512mV full-
scale range.

References outside the recommended range may be
used with a degradation of linearity. A reference volt-
age from 200mV to 500mV will result in a lower signal-
to-noise ratio; a reference voltage from 700mV to 2V will
increase the rollover error.

The MAX872 2.50V reference, with its 10pA supply cur-
rent, is ideally suited for the MAX132. Figure 7 shows
how 2.50V can be divided to obtain the desired refer-
ence voltage. The reference input accepts voltages
anywhere within the converter's power-supply range;
however, for best performance, neither REF+ nor REF-
should come within 2V of the supplies.

1o
i
Al

INHI

;

BUFFER

2

INLO
1

|_
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M INTOUT MAX132
X8
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+
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Figure 5. Analog Section Block Diagram
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