LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

DESCRIPTION

The NE5036 Is an easy to use, low cost,
successive approximation Analog to Digi-
tal converter, fabricated In Bipolar/l2L
technology, and packaged in a convenient
8-pin mini dip package.

With an external reference voltage, the
NE5036 will accept input voltages be-
tween OV and VRER Holding the START
pin low for at least 8 clock pulses In dura-
tion will provide the 6-bit result of the con-
version In a serial format.

ABSOLUTE MAXIMUM RATINGS

FEATURES
Three-state output buffer for easy
I"Processor interfacing

Fast successive approximation
converter, 23/xsec

T2L compatible inputs and outputs
Easy interface to CMOS ~Processors
Guaranteed no missing codes over full
operating range

Single supply operation, + 5V

High impedance analog Inputs
Positive true binary serial output

APPLICATIONS

+ Temperature control
(ip-based appliances
Light level monitor
Electronic toys
Joystick interface
~P/Transducer interface

PARAMETER RATING UNIT

vee Power supply voltage 7 \Y
Vref Reference voltage 7 \
VIN (Analog) Analog input voltage 7 \
VN (Digital)  Pigital Input voltage (START & CLOCK) 7 \
dout Data output pin

Three-state mode 7 Vv

Enabled mode 20 mA
agnd Analog GND to digital GND +1 \
Ta Operating temperature range Oto 70 °C
Tstg Storage temperature range -65 to 150 °C
tsold Lead soldering temperature 300 °C
PD Power dissipation

FE package 220 mw

N package 220 mw

BLOCK DIAGRAM
Vcee
Agnd Dand clock start
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PIN CONFIGURATION

FE, N PACKAGE

vee Q1 T] oata

VrefU 7 ]15TART
Vin X jb] CLOCK
AgnalT X biQana

TOP VIEW
ORDER NUMBERS
NE5036FE, NE5036N

b3 PACKAGE
Vrer I T m VvoC
Vin QL m
X m
agnd[T 3.)) DATA
X m
X n
cLK [T T]stare
TOP VIEW
ORDER NUMBER
NE5036D
NOTES:

1 SOL-Released in large SO package only
2. SOL and non-standard pinout.
3. SO §nd non-standard pinouts.
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LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

NES5036

DC ELECTRICAL CHARACTERISTICS vcc=5.0V; VREF= 2.0V; Clock=350kHz; 0°C < T. < 70”C unless otherwise

SYMBOL AND PARAMETER

Resolution
Relative accuracy12

Voo Positive supply voltage

ers  Full scale gain error234
ezs  Zero scale offset error2

psr Power supply rejection
Max change in full scale2

Analog Input bias current
.ref Reference bias current
rin Analog Input resistance
VH Logic '1' input voltage
VL Logic ‘O input voltage

IH Logic *1' input current

il Logic 'O input current
woh Logic ‘1’ output current
0L Logic ‘0’ output current
.z Three-state leakage current
«cc Positive supply current

specified. Typical values are specified at 25°C.

TEST CONDITIONS MIN TYP MAX UNIT
6 6 6 Bits

14 12 LSB

+4.75 +50 +5.50 v

VrEF= 2.0V, TA= 25°C +1 +2 LsB
VREF= 2.0V, Ta= 25°C +1/2 -1/2, +2 LSB
Vref= 2.0V +1/2 +1 LSB

4.75V <V CC< 5.5V

0< VIN<2.5V 1 10 AA

0< VREF< 2.5V 1 10 AA

3 30 Mfi

2.0 v

08 Y

10

1 10 aA

2.4V<VOH 300 A
Vo1<0.4V 16 mA

+0.1 +40 A

14 24 mA

AC ELECTRICAL CHARACTERISTICS vcc=5.0V; VRF= 2.0V; Clock = 350kHz; 0°C < TA< 70°C unless otherwise

SYMBOL AND PARAMETER

AMAX Max clock frequency

tconv Conversion time

tw Clock pulse width

*g Setup time, START to clock6
tp(OUT) Propagation delay5

tp (3-sTATE) Propagation delay5
NOTES

Data (3-State) START  TA= 25°C, tr= tf<20ns

specified. Typical values are specified at 25°C. (Refer to test figures.)

T0 FROM TEST CONDITIONS MIN  TYP  MAX UNIT
350 kHz
8 Clock cycles
13 s
Clock START 500 ns
Data out Clock TA= 25°C, tr=tf<20ns 600 ns

600 ns

1 Relative accuracy Is defined as tho deviation of the code transition points from the ideal code transition points on the straight line drawn from zero scale to full scale of the

device.

Hwn

o w

Specifications given in LSB's refer to the weight of the least significant bit at the bit level which is 1.56% of the full scale voltage.

Full scale gain error Is the deviation of the code transition point (111110 to 111111) from its ideal value (accounting for offset error at 000000).

The analog input voltage (Vjn) range is from 0V to VREF nominally, with the output remaining at 111111 even though the input may increase from VRFF to Vqq. (For optimum
performance VREF can be any value from 1.5V to 2.5V.)

. The time between the specified reference points on the clock and the output waveforms with the output changing (low to high or high to low).
. The high to low transition of the START pulse should occur at least 500ns prior to the negative edge of the clock pulse to insure its recognition. The START pulse should stay

high for at least 500ns between conversions to guarantee proper recognition.
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LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

CIRCUIT DESCRIPTION

NES5036 is a complete 6-bit, serial output,
A/D converter which incorporates the suc-
cessive approximation method. The chip
includes the internal control logic, the
successive approximation register (SAR),
6-bit DAC, comparator and the output buf-
fer. An externally generated clock source
(max freq = 350 kHz) must be provided to
pin 6. An external reference voltage sup-
plied to pin 2 sets the full scale range of
the A/D converter as shown in the Block
Diagram.

Upon the START pin going low, suc-
cessive approximation conversion com-
mences after the first low going edge of
the clock pulse. Successive bits, begin-
ning with the MSB (D5) are applied to the
input of the internal 6-bit current output
DAC by the I2L successive approximation
register.

The comparator determines whether the
output current of the DAC is greater or
less than the input current, converted
from the unknown analog input voltage
through the V/I converter. If the DAC out-
put is greater, that bit of the DAC is set to

0 and simultaneously the output buffer
goes to 0. If it is less, that bit stays at 1
and the output buffer goes to 1. After the
second high to low transition of the clock
pulse, the MSB (D5) data is valid. On suc-
cessive clock pulses, successive bits are
tried and the output buffer represents that
bit. START has to stay low for at least 8
clock pulses for the conversion to be com-
pleted and to access the 6-bit result of the
conversion. A conversion in process can
be interrupted by issuing another START
pulse.

When START is in a high state, the output
buffer is in a high impedance state.

The timing diagram for the device is
shown in Figure 1

TRANSFER CHARACTERISTICS

The NE5036 is designed to have a nominal
1/2 LSB offset, so that the code transition
points are located 1/2 LSB on either side
of the exact analog input for a given code.
Thus the first transition (000000 to 000001)
will occur at an input of 1/2 LSB (15.63mV
with a VREF of 2.0V), plus any offset. Sub-
sequent transition (to full scale — 111111)

Signetics
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will occur at 62.5 LSB (1.953V at VRE of
2.0V).

The ideal transfer characteristic of
NE5036 is shown in Figure 2.

LAYOUT PRECAUTIONS

Analog ground (pin 4) and Digital ground
(pin 5) are not connected internally and
should be connected together as close to
the device as possible for optimum perfor-
mance. The leads to the analog inputs
should be kept as short as possible to
minimize input noise pickup. Input bypass
capacitors from the analog inputs to
ground will eliminate noise pickup. Power
supplies should be decoupled with at
least VF and should be located close to
the device to minimize the effects of noise
spikes on Vcc.

The reference input and the analog volt-
age input must both remain stable during
conversion to insure accuracy and proper
operation. This can be done by adequately
bypassing these inputs and/or keeping the
impedance at these inputs at or below
2K-ohms.

IDEAL TRANSFER
CHARACTERISTICS

Figure 2
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LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

TYPICAL PERFORMANCE CHARACTERISTICS

ZERO SCALE OFFSET ERROR ZERO SCALE OFFSET ERROR
vs TEMPERATURE vs Vce
|
Vref = 2.0V
Ta=25°C
w *3/4
25 50 75
Ta (°C) VCC (VOLTS DC)
FULL SCALE GAIN ERROR FULL SCALE GAIN ERROR
vs TEMPERATURE vs Vce
0 25 50 75 4.75 5.0 5.25 55
Ta (°C) VCc (VOLTS DC)
0L vs TEMPERATURE I0H vs TEMPERATURE
(DATA OUTPUT) (DATA OUTPUT)
<
E

I9H @ Vohl= 2.4V

Ta (°C) Ta (°C)
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ZERO SCALE OFFSET ERROR
vs VREF

Vref (VOLTS DC)

FULL SCALE GAIN ERROR
Vs Rref

15 2.0 25

Vref (VOLTS DC)

lcc vs TEMPERATURE

Ta (°C)



LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

AC TEST CIRCUITS AND WAVEFORMS

NE5036

PROPAGATION DELAY TIME tp(DATA)

DATA OUTPUT (LOW TO HIGH)

/jYDATA
~r. ouTPUT
VCC= +5V -1
Vref=+2V NES036 © START (TTL LEVELS)
Vin (ADJ) 0 350kHz CLOCK
(TTL LEVELS)
Dgnd

AgNV

Signetics

DATA OUTPUT (HIGH TO LOW)

0+5V
v DATA
) ' OUTPUT

: i5pF

Vee = +5V 0—
Vref= +2V0O-— NE5036

Vin (ADJ.) 0—

(TTL LEVELS)

Agnd

Dgnd
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LINEAR LSI PRODUCTS

6-BIT A/D CONVERTER (SERIAL OUTPUT)

TYPICAL APPLICATION

1. BASIC NE5036 CONFIGURATION

2. DIGITAL COMMUNICATIONS USING NE5036

REGISTER ACCEPTS SERIAL
INPUT DATA, FEED D/A
IN PARALLEL
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