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ADC1061 10-Bit High-Speed uP-Compatible
A/D Converier with Track/Hold Function

General Description Features

Using a modified half-flash conversion technique, the 10-bit 1.8 us maximum conversion time to 10 bits
ADC1061 CMOS analog-to-digital converter offers very fast Low power dissipation: 235 mW (maximum)
conversion times yet dissipates a maximum of only 235 mW. Built-in track-and-hold
The ADC1061 performs a 10-bit conversion in two lower- No external clock required
cos powar isspation, and otherproblems assodated iy S0 +5 supnly

! No missing codes over temperature
true flash approaches.

The analog input voltage to the ADC1061 is tracked and H i

held by an internal sampling circuit Input signals at frequen- .A\?Vphfcat:fo.?s
cies from DC to greater than 160 kHz can therefore be digi- raveform digitizers

tized accurately without the need for an external sample- B Disk drives

and-hold circuit. B Digital signal processor front ends
For ease of interface to microprocessors, the ADC1061 has B Mobile telecommunications

been designed to appear as a memory focation or 1/0 port

without the need for external interface logic.
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Order Number
Ordering Information ADC1081CIJ, ADC1061CIN,
ADC106 1CIWM or ADC1061CMJ
Industrial (—40°C < Ty < 85°C) Package See NS Package J20A,
ADC1061Cl J20A M208 or N20A
ADC1061CIN N20A
ADC1061CIWM M20B
Milllary (- 55°C < Tp < 125°C) Package
ADC1061CMJ J20A

TRI-STATE® i & registered trademark of Netionsl Semiconductor Corpormtion.
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Absolute Maximum Ratings (Notes182)
If Mililary/Aerospace specifled devices are required,
please conlact the National Semiconductor Sales
Office/Distribulors for avallabllity and specificalions.

Supply Voltage (V* = AVce = DVio) —0.3Vto +6V
Voltage at any Input or Output —-0.3VtoVt +0.3V

input Current at Any Pin (Note 3) SmA
Package Input Current (Note 3) 20mA
Power Dissipation (Note 4) 875 mW

ESD Susceptibility (Note 5) 1500V

Converter Characteristics

Soldering Information (Note 6)
N Package (10 seconds)
J Package (10 seconds)
SO Package (Note 6):
Vapor Phase {60 seconds)
Infrared (15 seconds)

Junction Temperature, T
Storage Temperature Range

260°C
300°C

215°C

220°C

+150°C

—65°Cto +150°C

Operating Ratings (Notes 142)

Temperature Range
ADC1061CW, ADC1061CIN,
ADC1061CIWM
ADC1061CMJ

Supply Voltage Range

Tumin < Ta € Tvax

—40°C < Tp < +85°C
—55'C < Tp < +125°C

4.5V to 5.5V

The following specifications apply for V+ = +5V, VRer(+) = 5V, and Vpeg(—) = GND unless otherwise specified. Boldface
limits apply for T = Ty = Twn to Tmax; all other limits T = T, = 25°C.

Symbol Parameter Conditions &?:3; (NL;'::;) (l:;:; )
Rasolution 10 Bits
Total Unadjusted Error +1.0 12.0 LSB (Max)
Integral Linearity Error +0.3 1.6 LSB (Max)
Differential Linearity Error +1.0 LSB (Max)
Oftset Emor +0.1 +1.0 LSB (Max)
Fullscale Error +0.5 +1.0 LSB (Max)
RREF Reference Resistance 0.65 0.4 k2 (Min)
RRer Reference Resistance 0.65 0.9 k2 (Max)
VREF(+) VREF(+) Input Voltage Vvt + 0.08 V (Max)
VREF(-) VReF(-) Input Voltage GND - 0.08 V (Min)
VREF(+) VRer(+) Input Voltage VRER(-) V (Min)
VREF(-) VREF(-) Input Voltage VREF(-) V (Max)
ViN input Voltage V+ + 0.05 V (Max)
ViN Input Voitage GND - 0.05 V (Min)
Analog Input Leakage Current CS=v+ Vv=V* 0.01 3 RA (Max)
TS = V+,Vjy = GND 0.01 -3 A (Max)
Power Supply Sensitivity :;E: f\ﬁ:\j" £0.125 +0.5 LSB
1990 Netio nal Semicarductor Corportion 2




DC Electrical Characteristics
The following specifications apply for V+ = +5V, Vrer(+) = 5V, and Vaep(-) = GND unless otherwise spedified. Boldface
limits apply for Ta = Ty = Ty 10 Tiax; all other limits Ta = Ty = 25°C.

Symbol Parameter Conditions ('Ly:'l:;l) (Nli?‘\el'S) (:’::::;)
ViNG) Logical “1" Input Voltage v+ = 525V 2.0 V (Min)
ViN) Logical “0" Input Voltage vVt = 475V 0.8 V (Max)
linNe1) Logical “1" Input Current ViNg) = BV 0.005 1.0 RA (Max)
liNG) Logical “0” Input Current Vingy = OV —0.005 - 1.0 pA (Max)
YouT(1) Logical “1” Output Voltage V+ = 475V IgyT = —360 pA 2.4 V (Min)
V+ = 475VIoyr = —10 pA 4.5 V (Min)
VouTo) Logical “0” Output Voltage V+ = 4.75VIoyT = 1.6 mA 0.4 V (Max)
louT TRI-STATE® Output Current Vout = 5V 0.1 50 pA (Max)
VouT = OV -0.1 -50 uA (Max)
Dicc DV Supply Current CS=WR=RD=0 0.1 2 mA (Max)
Alee AVcc Supply Current CS=WR=RD=0 30 45 mA (Max)

AC Electrical Characteristics
The foliowing spacifications apply for V+ =

+8V, t; = ty = 20 ns, VRer(+) = 5V, and VRer(-) = GND unless otherwise
specified. Boldface limits apply for T = Ty = TN 10 Tigax; all other limits Tq = T, = 25°C.

Symbol Parameter Conditions (:y;l:;l) (NL:::;“B) (::::Ii ; )
oo | oot g | Weon
tcRD :;o;v;ros;:;\ Time for MODE 2 Mode 2 18 2.4 s (Max)
tacct gzﬁgrbneu:g&ftr\o/:i;aﬂing Mode 1; C = 100 pF 20 50 ns (Max)
taccz égcgzs:fgrgjéﬁaftr(\);:”;aﬂing Mode 2; C = 100 pF tCRD + 80 ns (Max)
tsH Minimum Sample Time (Figure 1), (Note 9) 250 ns (Max)
N E)e :Ti::ﬁﬁ'&grﬁige ofFP 10 50 ns (Max)
o Delay from TNT to Output Valid CL = 100pF 20 50 ns (Max}
. o | o | o
= '?:ea‘;:::;-mzoror:e?aﬁm 25 Vips
©1990 Natio nal Semiconductor Corporation 3




AC Electrical Characteristics (continued)
The following spacifications apply for V¥ = +5V, t, = ty = 20 ns, VRer(+) = 5V. and Vrep(—) = GND unless otherwise
specified. Boldface limlis apply for To = Ty = Ty to Tyay; all other limits Ta = T, = 25°C.

Symboi Parameter Condltions ;‘:E;I) (NL:;: is) Units
Cyin Analog Input Capacitance \ 35 pF
CouT Logic Output Capacitance 5 pF
Cin Logic input Capacitance 5 pF

Note 1: Absolute Maximum Ratings indicate fimits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device s
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characterisics. The guaranieed
specifications epply only for the lest conditions listed. Some performance characteristics may degrade when the device is not operated under the isted test
conditions.

Note 2: All voltages are measured with respect to GND, uniess otherwise $pecified.

Nole 3: When the input voltage (Viy) At any pin exceeds the power supply raiks (Viy < V= or Viy > V¥) the absolute vaive of current at that pin should be limited
to 5 mA or less. The 20 mA package input current limits the number of pins that can salely d the power supplies with an nput of 5 mA 10 four.

Note 4: The maximum power dissipation must be derated at elevated temperal and i di d by Tymax. 8,4 and the ambient eemperature, T,. The maximum
allowable power dissipation 4t any lemperature is Pp = (Tyuax — Ta)/84a O the number given in the Absolute Maximum Ratings, whichever is lower, For this
device, Tyuax = 150°C, and the typical thermal resistance (6,4) when board mounted is 47°C/W for the plastic (N) package, 85°C/W for the ceramic (J) package,
and 65°C/W for the small outline (WM) package,

Note §: Human body model, 100 pF discharged through & 1.5 kD resistor.

Note 8: See AN-450 “Surlace Mounting Methods and Their Effect on Product Retliability” or the section titled “Surface Moynt” found in a current Natona!
Semiconductor Linear Data Book for other methods of sokdering surface mount devices.

Note 7: Typicais are at 25°C and represent most likely parametric norm,
Note &: Limits are guaranieed lo National's AOQL (Average Outgoing Quality Level).
Note 9: Accuracy may degmde if tSH is shorter than the vatlue specified.

TRI-STATE Test Circuits and Waveforms
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Timing Diagrams
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FIGURE 2. Mode 2 (RD Mode). The conversion time (icrp) Includes
the sampling time, and Is determined by the Infernal timer.
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Symbol
DVce,
AVcc
(1.6

INT (2)

S/H(9)

RD (4)

ZERO ERROR (1SBs)

MODE 1 CONVERSION TME, togyy (1)

Typical Performance Characteristics

Zero (Otiset) Error
ve Reference Voliage

L1 11
AV = D¥gg = +5V
[ [Ty -25%¢

08 \
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08
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[}

1 2 3 4 5
REFERENCE YOLTAGE, Vaery = Vap- (V)
TL/H 105509
Mode 1 Conversion Time
vs Temperature

AVop = Yo = Vppp = #5V

75 0= 0 25 SO 75 100 125
JUNCTION TEMPERATURE, T; (°C)

TLM0859-11

Pin Descriptions

Function
These are the digital and analog positive
supply voltage inputs. They should
always be connected to the same
voltage source, but are brought out
separately to allow for separate bypass
capacitors. Each supply pin should be
bypassed with a 0.1 uF ceramic
cepacitor in paralle! with a 10 uF
tantalum capacitor.
This is the active low interrupt output.
INT goes low at the end of each
conversion, and retums to a high state
following the rising edge of RD.
This is the Sample/Hold control input.
When this pin is forced low, it causes
the analog input signal to be sampled
and initiates a new conversion.
This is the active low Read control input.
When this pin is low, any data present in
the ADC1061°’s output registers will be
placed on the data bus. in Mode 2, the
Read signal must be low until TNT goes
low. Until INT goes low, the data &t the
output pins will be incorrect.

Symbol
CS{5)

VRer -,
VREF +
7.9

ViN(8)

LINEARITY ERROR (LSBs)

MODE 2 CONVERSION TME, {qp (13)

Linearity Error vs
Reference Voliage

10

[T ]|
Avecxuvec=osv
Ty = 25% )

02

00

1 2 3 4 5
REFERENCE VOLTAGE, Yaery - Vpgr- (V)
TL/H/10559-10

Mode 2 Converslon Time
vs Temperature

AVCCSWQ:= 'm=’>v

TS 5025 0 5 S0 75 100 125
JUNCTION TENPERATURE, T, (°C)
TL/HA10558-12

Function
This is the active low Chip Select control
input. This pin enables the S/H and RD
inputs.
These are the reference voitage inputs.
They may be placed at any voltage
between GND — 50 mV and Vg +
50 mV, but VRep + must be greater than
VRer - An input voltage equal to
VREF - produces an output code of 0,
and an input voltage equal to VRer + —
1LSB produces an output code of 1023.
This is the analog input pin. The
impedance of the source should be less
than 5000 for best accuracy and
conversion speed. To avoid damage to
the ADC1061, Vi should not be
allowed to extend beyond the power
supply voltages by more than 300 mV
uniess the drive current is limited. For
accurate conversions, Vyy should not
extend more than 50 mV beyond the

supply voltages.
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Pin Descriptions (continued)

Symbol Functlon
GND (10) This is the power supply ground pin. The
ground pin should be connected toa
“clean’ ground reference point.
DB0-DB9 These are the TRI-STATE output pins.
(11-20)

Functional Description

The ADC1061 digitizes an analog input signal to 10 bits ac-
curacy by performing two lower-resolution “flash™ conver-
sions. The first flash conversion provides the six most signif-
icant bits (MSBs) of data, and the second flash conversion
provides the four least significant bits (LSBs).

Figure 3is a simplified block diagram of the converter. Near

the center of the diagram is a string of resistors. At the
bottom of the string of resistors are 16 resistors, each of
which has a value 1/1024th the resistance of the whole
resistor string. These lower 16 resistors (the LSB Ladder)
therefore have a voltage drop of 16/1024, or 1/64th of the
total reference voltage (Vrer+ — VREF—) across them.
The remainder of the resistor string is made up of eight
groups of eight resistors connected in series. These com-
prise the MSB Ladder. Each section of the MSB Ladder
has 1/8th of the total reference voltage across it, and each
of the MSB resistors has 1/64th of the tota! reference volit-
age across it. Tap points across all of these resistors can be

connected, in groups, to the sideen comparators at the
right of the diagram.

On the left side of the diagram is a string of seven resistors
connected between VRer+ — VmerF-. Six comparators
compare the input voltage with the tap voltages on the re-
sistor string to provide an estimate of the input voltage, This
estimate is then used to control the multiplexer that con-
nects the MSB Ladder to the sixteen comparators on the
right. Note that the comparators on the left needn’t be very
accurate; they simply provide an estimate of the input voit-
age. Only the sixteen comparators on the right and the six
on the left are necessary to perform the initial six-bit flash
conversion, instead of the 64 comparators that would be
required using conventional half-flash methods.

To perform a conversion, the estimator compares the input
voltage with the tap voltages on the seven resistors on the
left. The estimator decoder then determines which MSB
Ladder tap points will be connected to the sixteen compara-
tors on the right. For example, assume that the estimator
determines that Vyy is between 11/16 and 13/16 of VREF.
The estimator decoder will instruct the comparator mux to
connect the 16 comparators to the taps on the MSB Ladder
between 10/16 and 14/16 of VREF. The 16 comparators
will then perform the first flash conversion. Note that since
the comparators are connected to Ladder voltages that ex-
tend beyond the range indicated by the estimator dircuit,
errors in the estimator as large as ¢ of the reference volt-
age (64 LSBs) will be cormected. This first flash conversion
produces the six most significant bits of data.
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FIGURE 3. Block Diagram of the Modifled Half-Flash Converter Archliecture
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Functional Description (continued

The remaining four LSBs may now be determined using the
same sixteen comparators that were used for the first flash
conversion. The MSB Ladder tap voltage just below the in-
put voltage (as determined by the first flash) is subtracted
from the input voltage and compared with the tap points on
the sixteen LSB Ladder resistors. The resuit of this second
flash conversion is then decoded, and the full 10-bit result is
latched.

Note that the sixteen comparators used in the first flash
conversion are reused for the second flash. Thus, the half-
flash conversion techniques used in the ADC1061 needs
only a small fraction of the number of comparators that
would be required for a traditiona! flash converter, and far
fewer than would be used in a conventional half-flash ap-
proach. This allows the ADC1061 to perform high-speed
conversions without excessive power drain.

Applications Information
1.0 Modes of Operation

The ADC1061 has two basic digital interface modes. These
are illustrated in Figure 1 and Figure 2

MOODE 1

In this mode, the 8/H pin controls the start of conversion.
S/H is pulled low for @ minimum of 250 ns. This causes the
comparators in the “coarse” flash converter to become ac-
tive. When 5/H goes high, the result of the coarse conver-
sion is latched and the ‘fine” conversion begins. After ap-
proximately 1.2 us (1.8 ps maximum), [NT goes iow, indicat-
ing that the conversion results are latched and can be read
by pulling RD low. Note that TS must be low to enable 5/H
or RD. TS is internally “ANDed" with the sample and read
control signals; the input voltage is sampled when TS and
8/H are low, and is read when TS and RD are iow.

MODE 2

In Mode 2, also called “RD mode”, the 5/H and RD pins
are tied together. A conversion is initiated by pulling both
pins low. The ADC1061 samples the input voltage and
causes the coarse comparators to become active. An inter-
nal timer then terminates the coarse conversion and begins
the fine conversion.

About 1.8 ps (2.4 ns maximum) after 5/H and RD are
pulled low, INT goes low, indicating that the conversion is
complete. Approximately 20 ns later the data appearing on
the TRI-STATE output pins will be valid. Note that data will
appear on these pins throughout the conversion, but will be
valid only after INT goes low.

INT §/H RO s
| EXE EX PR
. —-'-_'— DBY (WSB)
i -
GND [
L ADC1061 —
7 [
__v”:" % D8O (LSB)
= 9 Nee |6 D I

*

Vs €1 ]

*5v

—

L L L L
10pF| - IO.IpF 1opr-|-b—ro.1pr TrowrJorur

-t

TL/H/10559-14

FIGURE 4. Typlcal connection. Note the multiple bypass capacitors on the reference
and power supply pins. If Vg — Is not grounded, it shouid also be bypassed 1o
ground using multiple capaciiors (see 5.0 ''‘Power Supply Cansiderations”).
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2.0 Reference Considerations

The ADC1061 has two reference inputs. These inputs,
VRer + and VRef -. are fully differential and define the zero
to fuli-scale range of the input signal. The reference inputs
can be connected to span the entire supply voitage range
(VRer-~ = OV, VRer+ = Vi) for ratiometric applications,
or they can be connected to different voltages (as long as
they are between ground and V) when other input spans
are required. Reducing the overall VRer span to less than
5Vincreases the sensitivity of the converter {(e.g., if VRer =
2V, then 11.SB = 1,953 mV). Note, however, that knearity
and offset errors become larger when lower reference volt-
ages are used. See the Typical Performance Curves for
more information. Reference voltages {ess than 2V are not
recommended.

In most applications, VReg- will simply be connected to
ground, but it is often useful to have an input span that is
offset from ground. This situation is easily accommodated
by the reference configuration used in the ADC1061.
VReF- can be connected to a voltage other than ground as
long as the reference for this pin is capable of sinking cur-
rent. If Vrer - is connected to a voltage other than ground,
bypass it with multiple capacitors.

Since the resistance between the two reference inputs can
be as low as 4000}, the voltage source driving the reference
inputs should have low output impedance. Any noise on ei-
ther reference input is & potentia! cause of conversion er-
rors, s0 each of these pins must be supplied with a clean,
low noise voltage source. Each reference pin should nor-
maly be bypassed with a 10 uF tantalum and a 0.1 uF
ceramic capacitor. More bypassing may be necessary in
some systems.

The choice of reference voltage source will depend on the
requirements of the system. In ratiometric data acquisition
systems with a power supply-referenced sensor, the refer-
ence inputs are normally connected to Vo and GND, and
no reference other than the power supply is necessary. In
absolute measurement systems requiring 10-bit accuracy, a
reference with better than 0.1% accuracy will be necessary.

3.0 The Analog Input

The ADC1061 samples the analog input voltage once every
conversion cycle. When this happens, the input is briefly
connected to an impedance approximately equal to 6000 in
series with 35 pF. Short-duration current spikes can there-
fore be observed at the analog input during normal opera-
tion. These spikes are normal and do not degrade the con-
vertor's performance.

Note that large source impedances can slow the charging of
the sampling capacitors and degrade conversion accuracy.
Therefore, only signal sources with output impedances less
than 5000) should be used if rated accuracy is to be

achieved at the minimum sample time. If the sampling time
is increased, the source impedance can be larger. if a signal
source has a high output impedance, its output shoud be
buffered with an operational amplifier. The operational am-
plifier’'s output should be well-behaved when driving a
switched 35 pF/600} load. Any ringing or voitage shifts at
the op amp’s output during the sampling period can result in
conversion errors.

Correct conversion results will be obtained for input volt-
ages greater than GND — 50 mV and less than V+ +
50 mV. Do not allow the signal source to drive the analog
input pin more than 300 mV higher than AVc and DV, or
more than 300 mV lower than GND. If the analog input pin is
forced beyond these voltages, the current fowing through
the pin should be limited to 5 mA or less to avoid permanent
damage to the ADC1061.

4.0 Inherent Sample-and-Hold

Because the ADC1061 samples the input signal once during
each conversion, it is capable of measuring relatively fast
input signais without the help of an extemal sample-hoid. In
a conventional successive-approximation A/D converter,
regardless of speed, the input signal must be stable to bet-
ter than + %4 LSB during each conversion cycle or signifi-
cant errors will result. Consequently, even for many relative-
ly slow input signals, the signals must be externally sampled
and held constant during each conversion,

The ADC1061 can perform accurate conversions of input
signals at frequencies from DC to greater than 160 kHz
without the need for external sampling circuitry.

5.0 Power Supply Considerations
The ADC1061 is designed to operate from a + 5V (nominal)
power supply. There are two supply pins, AVcc and DV,
These pins allow separate external bypass capacitors for
the analog and digital portions of the circuit. To guarantee
accurate conversions, the two supply pins should be con-
nected to the same voltage source, and each should be
bypassed with & 0.1 uF ceramic capacitor in parallel with a
10 uF tantalum capacitor. Depending on the circuit board
layout and other system considerations, more bypassing
may be necessary.

It is important to ensure that none of the ADC1061's input or
output pins are ever driven to a voltage more than 300 mV
above AV¢c and DV, or more than 300 mV below GND. |f
these voltage limits are exceeded, the overdrive current into
or out of any pin on the ADC1061 must be limited to less
than 5 mA, and no more than 20 mA of overdnive current (all
overdriven pins combined) should flow. in systems with mul-
tiple power supplies, this may require careful attention to
power supply sequencing. The ADC1061’s power supply
pins should be at the proper voltage before signals are ap-
plied to any of the other pins.

@ 1590 National Semiconductor Comomton




6.0 Layout and Grounding

In order to ensure fast, accurate conversions from the
ADC1061, it is necessary to use appropriate circuit board
layout techniques. The analog ground return path should be
low-impedance and free of noise from other parts of the
system. Noise from digital circuitry can be especially trou-
blesome, so digital grounds should always be separate from
analog grounds. For best performancs, separate ground
planes should be provided for the digital and analog parts of
the system.

Ali bypass capacitors should be located as close to the con-
verter as possible and should connect to the converter and
to ground with short traces. The analog input should be iso-
lated from noisy signal traces to avoid having spurious sig-
nals couple to the input. Any external component (e.g., a
filter capaciter) connected across the converter's input
should be connected to a very clean ground retum point.
Grounding the component at the wrong point will result in
reduced conversion accuracy.

© 1890 National Semiconductor Corporation
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PhySi cal Dimensions inches (millimeters)
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ADC1061 10-Bit High-Speed uP-Compatible A/D Converter with Track/Hold Function

Physical Dimensions inches (milimeters) (Continued)

LIFE SUPPORT POLICY

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance

NS Package Number N20A
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NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A criticad component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

{0 the user.
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