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Self-Calibrating 12-Bit Plus Sign Serial /O A/D Converters with MUX and Sample/Hold

Check for Samples: ADC12030, ADC12032, ADC12034, ADC12038, ADC12H030, ADC12H032, ADC12H034, ADC12H038

FEATURES
e Serial /O (MICROWIRE Compatible)

e 2,4, or 8 Chan Differential or Single-Ended

Multiplexer
e Analog Input Sample/Hold Function
e Power Down Mode
e Variable Resolution and Conversion Rate
e Programmable Acquisition Time

e Variable Digital Output Word Length and
Format

e No Zero or Full Scale Adjustment Required

e Fully Tested and Ensured with a 4.096V
Reference

e 0V to 5V Analog Input Range with Single 5V

Power Supply
* No Missing Codes over Temperature

APPLICATIONS

* Medical Instruments
» Process Control Systems
» Test Equipment

KEY SPECIFICATIONS

e Resolution 12-bit plus sign
e 12-bit plus sign conversion time
— ADC12H30 family 5.5 ps (max)
— ADC12030 family 8.8 ps (max)
e 12-bit plus sign throughput time
— ADC12H30 family 8.6 ps (max)
— ADC12030 family 14 ps (max)
e Integral Linearity Error £1 LSB (max)

* Single Supply 5V +10%
*  Power consumption 33 mW (max)
— Power down 100 pW (typ)

DESCRIPTION

NOTE: Some of these devices may be obsolete
and are described and shown here for reference
only. See our web site for product availability.

The ADC12030, and ADC12H030 families are 12-bit
plus sign successive approximation Analog-to-Digital
Converters with serial I/O and configurable input
multiplexers. The ADC12034/ADC12H034 and
ADC12038/ADC12H038 have 4 and 8 channel
multiplexers, respectively. The differential multiplexer
outputs and ADC inputs are available on the
MUXOUT1, MUXOUT2, A/DIN1 and A/DIN2 pins.
The ADC12030/ADC12H030 has a two channel
multiplexer with the multiplexer outputs and ADC
inputs internally connected. The ADC12030 family is
tested with a 5 MHz clock, while the ADC12H030
family is tested with an 8 MHz clock. On request,
these ADCs go through a self calibration process that
adjusts linearity, zero and full-scale errors to less
than +1 LSB each.

The analog inputs can be configured to operate in
various combinations of single-ended, differential, or
pseudo-differential modes. A fully differential unipolar
analog input range (0OV to +5V) can be
accommodated with a single +5V supply. In the
differential modes, valid outputs are obtained even
when the negative inputs are greater than the positive
because of the 12-bit plus sign output data format.

The serial 1/0 is configured to comply with NSC
MICROWIRE. For voltage references see the
LM4040, LM4050 or LM4041.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 1999-2013, Texas Instruments Incorporated
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ADC12038 Simplified Block Diagram
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Figure 1. 16-Pin Wide Body
SOIC Package

See Package Number DW0016B

Figure 2. 20-Pin Wide Body
SOIC Package
See Package Number DW0020B
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Figure 3. 24-Pin Wide Body Figure 4. 28-Pin Wide Body
SOIC, PDIP, SSOP Packages SOIC Package
See Package Numbers DW0024B, NAM0024D, See Package Number DW0028B

DB0024A

PIN DESCRIPTIONS

Pin Name

Pin Description

CHO thru CH7

Analog Inputs to the MUX (multiplexer). A channel input is selected by the address information at the DI pin, which
is loaded on the rising edge of SCLK into the address register (See Table 2, Table 3, and Table 4). The voltage
applied to these inputs should not exceed Va+ or go below V- or below GND. Exceeding this range on an
unselected channel may corrupt the reading of a selected channel.

COM

Analog input pin that is used as a pseudo ground when the analog multiplexer is single-ended.

MUXOUT1
MUXOUT2

Multiplexer Output pins. If the multiplexer is used, these pins should be connected to the A/DIN pins, directly or
through an amplifier and/of filter.

A/DIN1
A/DIN2

Converter Input pins. MUXOUT1 is usually tied to A/DIN1. MUXOUT?2 is usually tied to A/DIN2. If external circuitry
is placed between MUXOUT1 and A/DIN1, or MUXOUT2 and A/DIN2, it may be necessary to protect these pins
against voltage overload.. The voltage at these pins should not exceed V,* or go below AGND (see Figure 60).

DO

Data Output pin. This pin is an active push/pull output when CS is low. When CS is high, this output is TRI-STATE.
The conversion result (D0-D12) and converter status data are clocked out by the falling edge of SCLK on this pin.
The word length and format of this result can vary (see Table 1). The word length and format are controlled by the
data shifted into the multiplexer address and mode select register (see Table 5).

DI

Serial Data input pin. The data applied to this pin is shifted by the rising edge of SCLK into the multiplexer address
and mode select register. Table 2 through Table 5 show the assignment of the multiplexer address and the mode
select data.

EOC

This pin is an active push/pull output which indicates the status of the ADC12030/2/4/8. A logic low on this pin
indicates that the ADC is busy with a conversion, Auto Calibration, Auto Zero or power down cycle. The rising edge
of EOC signals the end of one of these cycles.

CONV

A logic low is required at this pin to program any mode or to change the ADC's configuration as listed in Mode
Programming Table 5. When this pin is high, the ADC is placed in the read data only mode. While in the read data
only mode, bringing CS low and pulsing SCLK will only clock out the data stored in the ADCs output shift register.
The data on DI will be neglected. A new conversion will not be started and the ADC will remain in the mode and/or
configuration previously programmed. Read data only cannot be performed while a conversion, Auto Cal or Auto
Zero are in progress.
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PIN DESCRIPTIONS (continued)

Pin Name

Pin Description

Chip Select input pin. When a logic low is applied to this pin, the rising edge of SCLK shifts the data on DI into the
address register. This low also brings DO out of TRI-STATE. With CS low the falling edge of SCLK shifts the data
resulting from the previous ADC conversion out at the DO output, with the exception of the first bit of data. When
CsS is low continuously, the first bit of the data is clocked out on the rising edge of EOC (end of conversion). When
CS is toggled the falling edge of CS always clocks out the first bit of data. CS should be brought low while SCLK is
low. The falling edge of CS interrupts a conversion in progress and starts the sequence for a new conversion.
When CS is brought back low during a conversion, that conversion is prematurely terminated. The data in the
output latches may be corrupted. Therefore, when CS is brought low during a conversion in progress, the data
output at that time should be ignored. CS may also be left continuously low. In this case it is imperative that the
correct number of SCLK pulses be applied to the ADC in order to remain synchronous. After the ADC supply power
is applied the device expects to see 13 clock pulses for each I/O sequence. The number of clock pulses the ADC
expects is the same as the digital output word length. This word length can be modified by the data shifted in on the
DO pin. Table 5 details the data required.

DOR

Data Output Ready pin. This pin is an active push/pull output which is low when the conversion result is being
shifted out and goes high to signal that all the data has been shifted out.

SCLK

Serial Data Clock input. The clock applied to this input controls the rate at which the serial data exchange occurs.
The rising edge loads the information on the DI pin into the multiplexer address and mode select shift register. This
address controls which channel of the analog input multiplexer (MUX) is selected and the mode of operation for the
ADC. With CS low the falling edge of SCLK shifts the data resulting from the previous ADC conversion out on DO,
with the exception of the first bit of data. When CS is low continuously, the first bit of the data is clocked out on the
rising edge of EOC (end of conversion). When CS is toggled the falling edge of CS always clocks out the first bit of
data. CS should be brought low when SCLK is low. The rise and fall times of the clock edges should not exceed

1 ps.

CCLK

Conversion Clock input. The clock applied to this input controls the successive approximation conversion time
interval and the acquisition time. The rise and fall times of the clock edges should not exceed 1 ps.

VRert

Positive analog voltage reference input. In order to maintain accuracy, the voltage range of Vrer (Vrer = VRert —
Vgrer—) is 1 Vpc to 5.0 Vpc and the voltage at Vgt cannot exceed Va+. See Figure 59 for recommended
bypassing.

VREF-

The negative analog voltage reference input. In order to maintain accuracy, the voltage at this pin must not go
below GND or exceed V+. (See Figure 59).

PD

Power Down pin. When PD is high the ADC is powered down; when PD is low the ADC is powered up, or active.
The ADC takes a maximum of 250 ps to power up after the command is given.

Va*
Vp*

These are the analog and digital power supply pins. Va* and Vp* are not connected together on the chip. These
pins should be tied to the same supply voltage and bypassed separately (see Figure 59). The operating voltage
range of Va+ and Vp+ is 4.5 Vpc to 5.5 Vpc.

DGND

The digital ground pin (see Figure 59).

AGND

The analog ground pin (see Figure 59).

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y i\ during storage or handling to prevent electrostatic damage to the MOS gates.
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Absolute Maximum Ratings W@®

Positive Supply Voltage (V" =Va+ = Vp+) 6.5V
Voltage at Inputs and Outputs (e:xg;lpt CHO-CH7 and -0.3V to (V* +0.3V)
Voltage at Analog Inputs CHO-CH7 and COM GND -5V to (V* +5V)
|Vat = Vpt| 300 mVv
Input Current at Any Pin +30 mA
Package Input Current ¥ +120 mA
Package Dissipation at
Tp=25°C © | 500 mw
ESD Susceptibility ©
Human Body Model | 1500V
Soldering Information
PDIP Package (10 seconds) | 260°C
SOIC Package ()
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
Storage Temperature —-65°C to +150°C

(1) All voltages are measured with respect to GND, unless otherwise specified.

(2) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is functional, but do not ensure specific performance limits. For ensured specifications and test conditions, see the
Electrical Characteristics. The ensured specifications apply only for the test conditions listed. Some performance characteristics may
degrade when the device is not operated under the listed test conditions.

(3) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and
specifications.

(4) When the input voltage (V|y) at any pin exceeds the power supplies (Viy < GND or V,\ > Va+ or Vp+), the current at that pin should be
limited to 30 mA. The 120 mA maximum package input current rating limits the number of pins that can safely exceed the power
supplies with an input current of 30 mA to four.

(5) The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax, 835 and the ambient temperature,
Ta. The maximum allowable power dissipation at any temperature is Pp = (Tymax — Tp)/0;4 or the number given in the Absolute
Maximum Ratings, whichever is lower.

(6) The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin.

(7) See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in any post

1986 Linear Data Book for other methods of soldering surface mount devices.

Operating Ratings ®®

Operating Temperature Range

Tmin = Ta = Tuax
-40°C < T, < +85°C

Supply Voltage (V* = Va+ = Vp+)

+4.5V to +5.5V

[Vat — VpH| <100 mV
VRept 0V to Vat
VRerF— 0V to (Vgert -1V)
Vrer (VrRert ~ VRer) 1V to Vat+

Vrer Common Mode Voltage Range
[(Vrert) = (Vrerd)]/ 2

0.1 Va+ 10 0.6 Va+

A/DIN1, A/DIN2, MUXOUT1 and MUXOUT?2 Voltage Range 0V to Vat+
IN Common Mode Voltage Range
[(Vint) - (Vin)1/ 2 OV to Va+

@

which the device is functional, but do not ensure specific performance limits. For ensured

Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for

specifications and test conditions, see the

Electrical Characteristics. The ensured specifications apply only for the test conditions listed. Some performance characteristics may

degrade when the device is not operated under the listed test conditions.
(2) All voltages are measured with respect to GND, unless otherwise specified.
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Package Thermal Resistance

Part Number Thermal Resistance (0;5)
ADC12(H)030CIWM 70°C/W
ADC12032CIWM 64°C/W
ADC12034CIN 42°C/W
ADC12034CIWM 57°C/IW
ADC12HO034CIMSA 97°C/W
ADC12(H)038CIWM 50°C/W

NOTE: Some of these devices may be obsolete or on Lifetime Buy status. Check our web site for product
availability.

Converter Electrical Characteristics

The following specifications apply for V¥ = V+ = Vp+ = +5.0 V¢, Vgeet = +4.096 Ve, Vree— = 0 Ve, 12-bit + sign
conversion mode, fox = fsx = 8 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, fcx = fsx = 5 MHz for
the ADC12030, ADC12032, ADC12034 and ADC12038, Rg = 25Q), source impedance for Vgeget and Vgee— < 25Q, fully-
differential input with fixed 2.048V common-mode voltage, and 10(tcx) acquisition time unless otherwise specified. Boldface
limits apply for Ty = Ty = Ty t0 Tyax; all other limits T, = T, = 25°C. W@

Parameter Test Conditions Typical ® | Limits ©® (Llfr?wllttss)

STATIC CONVERTER CHARACTERISTICS

Resolution with No Missing Codes 12 + sign Bits (min)
ILE Integral Linearity Error After Auto Cal ® +1/2 +1 LSB (max)
DNL Differential Non-Linearity After Auto Cal +1 LSB (max)

Positive Full-Scale Error After Auto Cal ® +1/2 +3.0 LSB (max)

Negative Full-Scale Error After Auto Cal ®® +1/2 +3.0 LSB (max)

Offset Error CTL?:)A :t\(;”\(‘:?l_)(si(g'o 48V +1/2 +2 LSB (max)

DC Common Mode Error After Auto Cal © +2 +35 LSB (max)

(1) Two on-chip diodes are tied to each analog input through a series resistor as shown below. Input voltage magnitude up to 5V above V+

or 5V below GND will not damage this device. However, errors in the conversion can occur (if these diodes are forward biased by more
than 50 mV) if the input voltage magnitude of selected or unselected analog input go above Va+ or below GND by more than 50 mV. As
an example, if Va+ is 4.5VV+DC, full-scale input voltage must be <4.55 Vpc to ensure accurate conversions.

A

ANALOG
INPUTS

TO INTERNAL
CIRCUITRY

GND

(2) To ensure accuracy, it is required that the V,+ and Vp+ be connected together to the same power supply with separate bypass
capacitors at each V* pin.

(3) With the test condition for Vgreg (Vrert — Vrer—) given as +4.096V, the 12-bit LSB is 1.0 mV and the 8-bit LSB is 16.0 mV.

(4) Typical figures are at T; = Tp = 25°C and represent most likely parametric norm.

(5) Tested limits are specified to AOQL (Average Outgoing Quality Level).

(6) Positive integral linearity Error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes
through positive full-scale and zero. For Negative Integral Linearity Error, the straight line passes through negative full-scale and zero
(see Figure 6 and Figure 7).

(7) The ADC12030 family's self-calibration technique ensures linearity and offset errors as specified, but noise inherent in the self-
calibration process will result in a maximum repeatability uncertainty of 0.2 LSB.

(8) The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin.

(9) The DC common-mode error is measured in the differential multiplexer mode with the assigned positive and negative input channels
shorted together.
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Converter Electrical Characteristics (continued)

The following specifications apply for V¥ = Va+ = Vp+ = +5.0 V¢, Vreet = +4.096 Vpe, Vree— = 0 Ve, 12-bit + sign
conversion mode, fox = fgx = 8 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, fcx = fsx = 5 MHz for
the ADC12030, ADC12032, ADC12034 and ADC12038, Rg = 25Q), source impedance for Vgeet and Vgee— < 25Q, fully-
differential input with fixed 2.048V common-mode voltage, and 10(tc«) acquisition time unless otherwise specified. Boldface

limits apply for Ty = Ty = Ty t0 Tyax; all other limits T, = T; = 25°C. W@

Parameter Test Conditions Typical @ | Limits ® Units
(Limits)
TUE Total Unadjusted Error After Auto Cal ®)1011) +1 LSB
Resolution with No Missing Codes | 8-bit + sign mode 8 + sign Bits (min)
INL Integral Linearity Error 8-bit + sign mode © +1/2 LSB (max)
DNL Differential Non-Linearity 8-bit + sign mode +3/4 LSB (max)
Positive Full-Scale Error 8-bit + sign mode © +1/2 LSB (max)
Negative Full-Scale Error 8-bit + sign mode © +1/2 LSB (max)
8-bit + sign mode, after Auto Zero
Offset Error Vin(#) = Vin(=) = + 2.048V (10 +1/2 LSB (max)
TUE Total Unadjusted Error %—)?{toﬂﬁ)'gn mode after Auto Zero +3/4 LSB (max)
Multiplexer Chan-to-Chan Matching +0.05 LSB
Power Supply Sensitivity V* = 45V £10%, Vrer = +4.096V
Offset Error +0.5 +1 LSB (max)
+ Full-Scale Error +0.5 +1.5 LSB (max)
- Full-Scale Error +0.5 +1.5 LSB (max)
Integral Linearity Error +0.5 LSB
Output Data from “12-Bit 12) +10 LSB (max)
Conversion of Offset” (see Table 5) =10 LSB (min)
Output Data from “12-Bit 12) 4095 LSB (max)
Conversion of Full-Scale” (see Table 5) 4093 LSB (min)
UNIPOLAR DYNAMIC CONVERTER CHARACTERISTICS
fIN =1 kHZ, VIN =5 Vp_p, VREF+ =5.0v 69.4 dB
S/(N+D) | Signal-to-Noise Plus Distortion Ratio | fiy = 20 kHz, V\y =5 Vp.p, Vree' = 5.0V 68.3 dB
fIN =40 kHZ, VIN =5 Vp_p, VREF+ =5.0V 65.7 dB
-3 dB Full Power Bandwidth VN = 5 Vp.p, where S/(N+D) drops 3 dB 31 kHz
DIFFERENTIAL DYNAMIC CONVERTER CHARACTERISTICS
fIN =1 kHZ, VIN = iSV, VREF+ =5.0V 77.0 dB
S/(N+D) | Signal-to-Noise Plus Distortion Ratio | fiy = 20 kHz, V\ = 25V, Vgee' = 5.0V 73.9 dB
fIN =40 kHZ, VlN = iSV, VREF+ =5.0V 67.0 dB
-3 dB Full Power Bandwidth VN = £5V, where S/(N+D) drops 3 dB 40 kHz
REFERENCE INPUT, ANALOG INPUTS AND MULTIPLEXER CHARACTERISTICS
CRrer Reference Input Capacitance 85 pF
A/DIN1, A/DIN2 Analog Input
Cap Capacitance & pF
A/DIN1, A/DIN2 Analog Input _ _
Leakage Current Vin = +5.0V or V) = OV #0.1 +1.0 A (max)
g GND - 0.05 V (min)
CHO-CH7 and COM Input Voltage (Va+) + 0.05 V (max)
CHO-CHY7 and COM Input
Cen Capacitance 10 pF
Cmuxout | MUX Output Capacitance 20 pF

(10) Offset error is a measure of the deviation from the mid-scale voltage (a code of zero), expressed in LSB. It is the worst-case value of the
code transitions between 1 to 0 and 0 to +1 (see Figure 8).

(11) Total unadjusted error includes offset, full-scale, linearity and multiplexer errors.

(12) The “12-Bit Conversion of Offset” and “12-Bit Conversion of Full-Scale” modes are intended to test the functionality of the device.
Therefore, the output data from these modes are not an indication of the accuracy of a conversion result.
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Converter Electrical Characteristics (continued)

The following specifications apply for V¥ = Va+ = Vp+ = +5.0 V¢, Vreet = +4.096 Vpe, Vree— = 0 Ve, 12-bit + sign

conversion mode, fox = fgx = 8 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, fcx = fsx = 5 MHz for
the ADC12030, ADC12032, ADC12034 and ADC12038, Rg = 25Q), source impedance for Vgeet and Vgee— < 25Q, fully-

differential input with fixed 2.048V common-mode voltage, and 10(tc«) acquisition time unless otherwise specified. Boldface
limits apply for Ty = Ty = Ty t0 Tyax; all other limits T, = T; = 25°C. W@

Parameter Test Conditions Typical @ | Limits ® (I_Lfmrtss)

Off Channel Leakage CHO—CH7 On Channel = 5V and Off Channel = 0V -0.01 -0.3 HA (min)

and COM Pins (9 On Channel = 0V and Off Channel = 5V 0.01 0.3 PA (max)

On Channel Leakage CHO—-CH7 On Channel = 5V and Off Channel = 0V 0.01 0.3 MA (max)

and COM Pins 19 On Channel = 0V and Off Channel = 5V -0.01 -0.3 YA (min)

MUXOUTL and MUXOUT2 Leakage |y, oy = 5.0V o Viuxour = OV 0.01 0.3 WA (max)

Ron MUX On Resistance VN = 2.5V and Vyyxout = 2.4V 850 1150 Q (max)
Ron Matching Chan-to-Chan VN = 2.5V and Vyyxout = 2.4V 5 %
Chan-to-Chan Crosstalk VN =5 Vpop, fin =40 kHz =72 dB
MUX Bandwidth 90 kHz

(13) Channel leakage current is measured after the channel selection.

DC and Logic Electrical Characteristics

The following specifications apply for V* = Va+ = Vp+ = +5.0 V¢, Vreet = +4.096 Vpc, Vree— = 0 Ve, 12-bit + sign
conversion mode, fox = fsx = 8 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, fcx = fsk = 5 MHz for
the ADC12030, ADC12032, ADC12034 and ADC12038, Rg = 25Q), source impedance for Vgeget and Vgee— < 25Q, fully-
differential input with fixed 2.048V common-mode voltage, and 10(tc«) acquisition time unless otherwise specified. Boldface

limits apply for To = Ty = Ty 10 Tyax; all other limits T, = Ty = 25°C. W@G)

Parameter Test Conditions Typical @ | Limits ® (I_Lfrr;:rtss)
CCLK, CS, CONV, DI, PD AND SCLK INPUT CHARACTERISTICS
Viney Logical “1” Input Voltage VvVt =55V 2.0 V (min)
Vin) Logical “0” Input Voltage VvVt =45V 0.8 V (max)
lingy) Logical “1” Input Current V)y = 5.0V 0.005 1.0 HA (max)
lingo) Logical “0” Input Current VN = 0V -0.005 -1.0 HA (min)
DO, EOC AND DOR DIGITAL OUTPUT CHARACTERISTICS
Vour | Logical “1” Output Voltage V: =45V, loyr = 2360 pA 24 v (mfn)

V' =45V, lgyt = - 10 A 4.25 V (min)

(1) Two on-chip diodes are tied to each analog input through a series resistor as shown below. Input voltage magnitude up to 5V above V+
or 5V below GND will not damage this device. However, errors in the conversion can occur (if these diodes are forward biased by more
than 50 mV) if the input voltage magnitude of selected or unselected analog input go above Va+ or below GND by more than 50 mV. As
an example, if Va+ is 4.5VV+DC, full-scale input voltage must be <4.55 Vpc to ensure accurate conversions.

A

ANALOG
INPUTS

TO INTERNAL
CIRCUITRY

GND

(2) To ensure accuracy, it is required that the V,+ and Vp+ be connected together to the same power supply with separate bypass
capacitors at each V* pin.

(3) With the test condition for Vgeg (Vrert — Vrer—) given as +4.096V, the 12-bit LSB is 1.0 mV and the 8-bit LSB is 16.0 mV.

(4) Typical figures are at T; = Tp = 25°C and represent most likely parametric norm.

(5) Tested limits are specified to AOQL (Average Outgoing Quality Level).
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DC and Logic Electrical Characteristics (continued)

The following specifications apply for V¥ = Va+ = Vp+ = +5.0 V¢, Vreet = +4.096 Vpe, Vree— = 0 Ve, 12-bit + sign
conversion mode, fox = fgx = 8 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, fcx = fsx = 5 MHz for
the ADC12030, ADC12032, ADC12034 and ADC12038, Rg = 25Q), source impedance for Vgeet and Vgee— < 25Q, fully-
differential input with fixed 2.048V common-mode voltage, and 10(tc«) acquisition time unless otherwise specified. Boldface
limits apply for Ty = Ty = Ty t0 Tyax; all other limits T, = T; = 25°C. W@

- . () L (5) Units
Parameter Test Conditions Typical Limits (Limits)
Vour) | Logical “0” Output Voltage V¥ =45V, loyr = 1.6 mA 0.4 V (max)
V =0V -0.1 -3.0 A (max
lour | TRI-STATE Output Current out WA (max)
Vout = 5V 0.1 3.0 HA (max)
+lgc Qutput Short Circuit Source Current Vout = 0V 14 6.5 mA (min)
=lsc Qutput Short Circuit Sink Current VouTt = Vp+ 16 8.0 mA (min)
POWER SUPPLY CHARACTERISTICS
Digital Supply Current Awake 1.6 2.5 mA (max)
ADC12030, ADC12032, ADC12034 and CS = HIGH, Powered Down, CCLK on 600 HA
| ADC12038 CS = HIGH, Powered Down, CCLK off 20 HA
+
b Digital Supply Current Awake 2.3 3.2 mA
ADC12H030, ADC12H032, ADC12H034 CS = HIGH, Powered Down, CCLK on 0.9 mA
and ADC12H038 CS = HIGH, Powered Down, CCLK off 20 HA
Awake 2.7 4.0 mA (max)
Iat+ Positive Analog Supply Current CS = HIGH, Powered Down, CCLK on 10 HA
CS = HIGH, Powered Down, CCLK off 0.1 HA
Awake 70 pA
lrer | Reference Input Current CS = HIGH, Powered Down 0.1 LA

AC Electrical Characteristics

The following specifications apply for V¥ = Va+ = Vp+ = +5.0 V¢, Vreet = +4.096 Vpe, Vree— = 0 Ve, 12-bit + sign
conversion mode, t, =t = 3 ns, fox = fsx = 8 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, fok = fek
=5 MHz for the ADC12030, ADC12032, ADC12034 and ADC12038, Rg = 25Q, source impedance for Vgeget and Vgge— <
25Q, fully-differential input with fixed 2.048V common-mode voltage, and 10(tck) acquisition time unless otherwise specified.
Boldface limits apply for T = Ty = Tyun t0 Tyax; all other limits T, = T; = 25°C. @

parameter Test Conditions Typical ADC12H030/2/4/8 | ADC12030/2/4/8 Units
@ Limits ©@ Limits ® (Limits)
fek Conversion Clock (CCLK) 10 8 5 MHz (max)
Frequency 1 MHz (min)
f Serial Data Clock SCLK Frequency 10 8 5 MHz (max)
SK 0 Hz (min)
. 40 40 % (min)
Conversion Clock Duty Cycle 60 60 % (max)
) 40 40 % (min)
Serial Data Clock Duty Cycle 60 60 % (max)
12-Bit + Sign or 12-| 1y 44(tck) 44(tck) (max)
o Bit CK 55 8.8 us (max)
tc Conversion Time 21(ter) 21(tex) ( )
_Ri ; _Ri CK cK max
8-Bit + Sign or 8-Bit | 21(tck) 2 695 42 us (max)
(1) Timing specifications are tested at the TTL logic levels, V,_ = 0.4V for a falling edge and V|4 = 2.4V for a rising edge. TRI-STATE output

voltage is forced to 1.4V.

()
@)

Typical figures are at Ty = Tp = 25°C and represent most likely parametric norm.
Tested limits are specified to AOQL (Average Outgoing Quality Level).
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AC Electrical Characteristics (continued)

The following specifications apply for V¥ = Va+ = Vp+ = +5.0 V¢, Vreet = +4.096 Vpe, Vree— = 0 Ve, 12-bit + sign
conversion mode, t, = t; = 3 ns, fox = fsx = 8 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H038, fok = fek
=5 MHz for the ADC12030, ADC12032, ADC12034 and ADC12038, Rg = 25Q, source impedance for Vgeget and Vgge— <
25Q, fully-differential input with fixed 2.048V common-mode voltage, and 10(tck) acquisition time unless otherwise specified.
Boldface limits apply for T = Ty = Tyn t0 Tyax; all other limits T, = T; = 25°C. @

parameter Test Conditions Typical ADC12H030/2/4/8 | ADC12030/2/4/8 Units
@ Limits ©@ Limits © (Limits)
6(tck) 6(tck) (min)
6(tck)
6 Cycles 7(tck) 7(tck) (max)
Programmed 0.75 1.2 ps (min)
0.875 1.4 Us (max)
10(tck) 10(tck) (min)
10(tck)
10 Cycles 11(tck) 11(tck) (max)
Programmed 1.25 2.0 ps (min)
1.375 2.2 s (max
ta Acquisition Time bs ( : )
18(tc) 18(tck) 18(tck) (min)
CK
18 Cycles 19(tck) 19(tck) (max)
Programmed 2.25 3.6 ps (min)
2.375 3.8 Us (max)
34(tck) 34(tck) (min)
34(tck)
34 Cycles 35(tck) 35(tck) (max)
Programmed 4.25 6.8 ps (min)
4.375 7.0 Us (max)
4944(t, 4944(t 4944(t max
tekaL Self-Calibration Time (ter) (tex) (tex) ( )
618.0 988.8 us (max)
76(t 76(t 76(t max
taz Auto Zero Time (tc) (tex) (tcx) (max)
9.5 15.2 Us (max)
2(tck) 2(tck) 2(tck) (min)
‘ Self-Calibration or Auto Zero 3(tex) 3(tck) (max)
SYNC | Synchronization Time from DOR 0.250 0.40 us (min)
0.375 0.60 Us (max)
DOR High Time when CS is Low
tbor Continuously for Read Data and 9(tsk) 9I(tsk) 9I(tsk) (max)
Software Power Up/Down 1.125 1.8 Us (max)
_— 8(t: 8(t 8(t max
tcony | CONV Valid Data Time (tse) (tsi) (tsi) (max)
1.0 1.6 us (max)

(4) If SCLK and CCLK are driven from the same clock source, then ta is 6, 10, 18 or 34 clock periods minimum and maximum.
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Timing Characteristics

The following specifications apply for V¥ = Va+ = Vp+ = +5.0 V¢, Vreet = +4.096 Vpe, Vree— = 0 Ve, 12-bit + sign
conversion mode, t, = t; = 3 ns, fox = fsx = 8 MHz for the ADC12H030, ADC12H032, ADC12H034 and ADC12H03, fok = fsk =
5 MHz for the ADC12030, ADC12032, ADC12034 and ADC12038, Rg = 25Q, source impedance for Vgert+ and Vgee— < 25Q,
fully-differential input with fixed 2.048V common-mode voltage, and 10(tck) acquisition time unless otherwise specified.
Boldface limits apply for T = Ty = Tyun t0 Tyax; all other limits T, = T, = 25°C. @

. Typical Limits Units
Parameter Test Conditions o) ) (Limits)
Hardware Power-Up Time, Time from PD Falling Edge to
tHPy EOC Rising Edge 140 250 Hs (max)
Software Power-Up Time, Time from Serial Data Clock
tspu Falling Edge to EOC Rising Edge 140 250 Ks (max)
tacc Access Time Delay from CS Falling Edge to DO Data Valid 20 50 ns (max)
Set-Up Time of CS Falling Edge to Serial Data Clock Risin .
tseT-up Edge P 9 9 9 30 ns (mln)
toeLay | Delay from SCLK Falling Edge to CS Falling Edge 0 5 ns (min)
tim ton | Delay from CS Rising Edge to DO TRI-STATE R, = 3k, C, = 100 pF 40 100 ns (max)
thp! DI Hold Time from Serial Data Clock Rising Edge 5 15 ns (min)
tsp DI Set-Up Time from Serial Data Clock Rising Edge 5 10 ns (min)
tuoo | DO Hold Time from Serial Data Clock Falling Edge R, = 3k, C, = 100 pF 25 0 ns ((';‘1?:))
tbpo Delay from Serial Data Clock Falling Edge to DO Data Valid 35 50 ns (max)
‘ DO Rise Time, TRI-STATE to High R =3k, C_ =100 pF 10 30 ns (max)
RDO DO Rise Time, Low to High R =3k, C_ =100 pF 10 30 ns (max)
‘ DO Fall Time, TRI-STATE to Low R =3k, C_ =100 pF 12 30 ns (max)
FDO DO Fall Time, High to Low R =3k, C_ =100 pF 12 30 ns (max)
teo Delay from CS Falling Edge to DOR Falling Edge 25 45 ns (max)
tep Delay from Serial Data Clock Falling Edge to DOR Rising 25 45 ns (max)
Edge
Cin Capacitance of Logic Inputs 10 pF
Cout Capacitance of Logic Outputs 20 pF

(1) Timing specifications are tested at the TTL logic levels, V,_= 0.4V for a falling edge and V|4 = 2.4V for a rising edge. TRI-STATE output
voltage is forced to 1.4V.

(2) Typical figures are at T; = Ta = 25°C and represent most likely parametric norm.

(3) Tested limits are specified to AOQL (Average Outgoing Quality Level).
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Figure 5. Transfer Characteristic
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Figure 6. Simplified Error Curve vs. Output Code without Auto Calibration

or Auto Zero Cycles
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Figure 7. Simplified Error Curve vs. Output Code after Auto Calibration Cycle
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Figure 8. Offset or Zero Error Voltage
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Typical Performance Characteristics @

The following curves apply for 12-bit + sign mode after Auto Calibration unless otherwise specified. The performance for 8-bit
+ sign mode is equal to or better than shown.

Linearity Error Change Linearity Error Change
vs. Clock Frequency vs. Temperature
0.15 ———— 0.15 | —
+ _ + _ + _ + _
= VA Z W =SV |_| ’ = \\| +|VA_VD =5V
A 010 | Vper = 4.09|ev lvREF = ov/ @010 \VREF = 4.096\|/ Vegr = 0V
- Vs + Vi ! ~ fa = 5MHz
w ( N+ * VN ) - 2.048\/// w Vive Vi c
Z o005t 2 Z 005 (—) =2.048V-
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= 0.00 = 0.00 N
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(5] L
~ -0.05 ~ -0.05
= =
= = N
Y -0.10 Y -0.10 N
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Figure 9. Figure 10.
Linearity Error Change Linearity Error Change
vs. Reference Voltage vs. Supply Voltage
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Figure 11. Figure 12.
Full-Scale Error Change Full-Scale Error Change
vs. Clock Frequency vs. Temperature
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Figure 13. Figure 14.

(1) With the test condition for Vgreg (Vrert — Vrer—) given as +4.096V, the 12-bit LSB is 1.0 mV and the 8-bit LSB is 16.0 mV.
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Typical Performance Characteristics  (continued)

The following curves apply for 12-bit + sign mode after Auto Calibration unless otherwise specified. The performance for 8-bit
+ sign mode is equal to or better than shown.

Full-Scale Error Change Full-Scale Error Change
vs. Reference Voltage vs. Supply Voltage
2 T 0.6
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Figure 15. Figure 16.
Offset or Zero Error Change Offset or Zero Error Change
vs. Clock Frequency vs. Temperature
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Figure 17. Figure 18.
Offset or Zero Error Change Offset or Zero Error Change
vs. Reference Voltage vs. Supply Voltage
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Figure 19. Figure 20.
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Typical Performance Characteristics  (continued)

The following curves apply for 12-bit + sign mode after Auto Calibration unless otherwise specified. The performance for 8-bit
+ sign mode is equal to or better than shown.

Analog Supply Current Digital Supply Current
vs. Temperature vs. Clock Frequency
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Figure 21. Figure 22.
Digital Supply Current
vs. Temperature
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Figure 23.
16 Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated

Product Folder Links: ADC12030 ADC12032 ADC12034 ADC12038 ADC12H030 ADC12H032 ADC12H034
ADC12H038



. ADC12030, ADC12032, ADC12034
INSTRUMENTS ADC12038, ADC12H030, ADC12H032
ADC12H034, ADC12H038

www.ti.com SNASO080K —JULY 1999—REVISED MARCH 2013

Typical Dynamic Performance Characteristics
The following curves apply for 12-bit + sign mode after Auto Calibration unless otherwise specified.

Bipolar Spectral Response
with 1 kHz Sine Wave Input
0

Rg=6000 Rg=6000
Vi =5V Vi =5V
-20 T =25°C -20 T =25°C
Vi =Vp" = Vegr" 7Y Vi = Vp" = Vegr” 7Y
-40 fo = 5 MHz— -40 fo = 5 MHz—
Sampling Rate 73. SkHz Sampling Rate 73. 5kHz
S/N=77.43dB_| S/N=77.89dB_|

S/(N+D)=76.01dB

J
[
o

SIGNAL LEVEL (dB)
»
o

-100 || | |

-120

WA NNI*.lﬂlMTWWl

0 5 10 15 20 25 30 35

FREQUENCY (kHz)
Figure 24.

Bipolar Spectral Response
with 20 kHz Sine Wave Input

Rg = 6000 Rg = 6000
Vin =SV | Vin =5V |
=20 |7, = 250¢ =20 |7, = 250¢
VA= Vp" = Vgr" = BV VAT = Vp" = Vgr" = BV
-40 [fe = 5 MHz——} -40 [fe = 5 MHz ——
Sampling Rate=73. SkHz Sampling Rate=73. SkHz
S/N=77.54dB S/N=77.24dB

S/(N+D)=72.29dB

1
©
o

SIGNAL LEVEL (dB)
&
o

-100 } | |||

o - Hhmurgmliulﬁw.m nﬂff IMW

Bipolar Spectral Response
with 10 kHz Sine Wave Input
0

S/(N+D) =74.93dB

-100 I| | .|

) MTMM}' |||I|Hﬂ|||||||ﬂ‘|||*ll Illfmwdullllulﬁlﬁlllllul

0 5 10 15 20 25 30 35

FREQUENCY (kHz)
Figure 25.
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Figure 26. Figure 27.

ﬁolar Spectral Response
with 40 kHz Sine Wave Input
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Figure 28.

ﬁolar Spectral Response
with 50 kHz Sine Wave Input

S/(N+D) = 66.44 dB
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Figure 29.
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Typical Dynamic Performance Characteristics (continued)
The following curves apply for 12-bit + sign mode after Auto Calibration unless otherwise specified.

Bipolar Spurious Free
Dynamic Range

Unipolar Signal-to-Noise Ratio
vs. Input Frequency
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Figure 30. Figure 31.
Unipolar Signal-to-Noise Unipolar Signal-to-Noise
+ Distortion Ratio + Distortion Ratio
vs. Input Frequency vs. Input Signal Level
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Figure 32. Figure 33.
Unipolar Spectral Response Unipolar Spectral Response
with 1 kHz Sine Wave Input with 10 kHz Sine Wave Input
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Figure 34. Figure 35.
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Typical Dynamic Performance Characteristics (continued)
The following curves apply for 12-bit + sign mode after Auto Calibration unless otherwise specified.

Unipolar Spectral Response
with 20 kHz Sine Wave Input
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Figure 36.

Unipolar Spectral Response
with 40 kHz Sine Wave Input
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Unipolar Spectral Response
with 30 kHz Sine Wave Input
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Figure 37.

Unipolar Spectral Response
with 50 kHz Sine Wave Input
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Figure 39.
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