


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PRELIMINARY

MOSTEK.

INDUSTRIAL PRODUCTS

uP-Compatible A/D Converter

MK5168(N)-1

FEATURES

O Complete system in 16-pin package operates stand-
alone or uP-driven

O Optional Clocks - external signal or internal oscillator
O Easy microprocessor interface

0O Bus-compatible, 3-state data outputs

0 Single 5 volt supply

O Low power - 1.5 mW typical

0O <+ %, LSB total unadjusted error

O No full-scaie or zero adjust required

O Guaranteed monotonicity

0O No missing codes

DESCRIPTION

The MK5168 is an 8-bit, uP-compatible A/D Converter
using the successive-approximations technique. CMOS
construction provides low-power operation and the 16-pin
package saves valuable board space, keeping system costs
low.

The MK5168 A/D Converter is designed to interface with
microprocessors or operate as a stand-alone subsystem.
The A/D converter consists of 256 series resistors with an
analog switch array, a chopper-stabilized comparator, and a
successive approximation register. The series resistor
approach guarantees monotonicity and no missing codes.
The need for external zero and full-scale adjustments has
been eliminated and an absolute accuracy of < 1 LSB,
including quantizing error, is provided.

All digital inputs are CMOS compatible. The data outputs
DO to D7 are 3-state latches providing true bus-driving
capability (260 ns from CS to a valid logic level with 56 pF
load). A START signal starts the conversion process and,
upon completion, BUSY is driven to logic 0. Continuous
conversion is possible by tying the START pin to the BUSY
pin. The CLK pin may be connected to an external signal or
tied to ground to enable the on-chip oscillator.

PIN CONNECTIONS

Figure 1
A\
vee 100 16— D7 (MSB)
START —2 [] [115—> D6
BUSY = 3 [ 114 D5
ANALOG IN =4 [] mks1es |1 13— D4
CS -5 [} [112—D3
CLK =6 [ [111—D2
VREeF(+) —7 [110-» D1
GND 8 [] 9+ Do (LSB)

The MK5168 features high accuracy, minimal temperature
dependence, and excellent long-term accuracy and
repeatability, characteristics which make this device ideally
suited to machine and industrial controls. A block diagram
of a microprocessor control system using the MK5168 is
shown in Figure 3.

FUNCTIONAL DESCRIPTION (Refer to Figure 2 for Block
Diagram)

VCC’ Pin 1
Ve must be connected to +5 Vdc £5%.

START, Pin 2

The A/D Converter’s successive approximation register
(SAR) is reset by the falling edge of the START pulse.
Conversion begins on the rising edge of the START puise. A
conversion in progress will he interrupted if a new START
pulse is received and a new conversion will begin.
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MK5168 BLOCK DIAGRAM

Figure 2
START CLK
2 6
1 Y i
CONTROL 3
AND 0 BUSY
ANALOG 4 TIMING
IN O
COMPARATOR SAR
/ 9
>0
10
>0
1
\*
3-STATE 12
OUTPUT o
LATCH/ 13 8-BIT
y / BUFFER >0 /ouTPUT
14
0
256R SWITCH 15
RESISTOR ARRAY 0
LADDER 16
0
7 A
T4 &7 o5
Vecc  GND VREF(+) cs
TYPICAL MICROPROCESSOR CONTROL SYSTEM e —
Figure 3 | ” ” I
DISPLAY ,‘—’ ‘—"”—"
PHYSICAL
VARIABLE
TEMPERATURE
PRESSURE SAMPLE
WEIGHT »| SENSOR FILTER AND A
FLOW HOLD PN
LIGHT
HUMIDITY ‘ .
pH .
etc.
A MK5168
A/D
CONVERTER
CONTROLLER
A
PWR
AMPL DAC
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BUSY, Pin 3

The BUSY output goes low when the conversion process
has been completed. The falling edge of the BUSY output
indicates a valid digital output. Continuous conversion can
be accomplished by tying the BUSY output to the START
input. If the A/D Converter is used in this mode, an external
START conversion pulse should be applied after power up.
BUSY wiill go high within two clock periods after the positive
edge of the START pulse.

ANALOG IN, Pin 4

The ANALOG INPUT accepts an analog signal from O V to
Vee

The comparator is the most important section of the A/D
Converter because this section determines the ultimate
accuracy of the entire converter. It is the dc drift of the
comparator which determines the repeatability of the
device. A chopper-stabilized comparator was chosen
because it best satisfies all the converter requirements.

The chopper-stabilized comparator converts the dc input
signal into an ac signal. This signal is amplified by a high-
gain ac amplifier and the dc level is restored. This technique
limits the drift component of the comparator because the
drift is a dc component which is not passed by the ac
amplifier.

Since drift is virtually eliminated, the entire A/D Converter
is insensitive to temperature and exhibits little long-term
drift and input offset error.

CS.Pin5

The CHIP SELECT (CS) allows the converter to be connected
to an 8-bit data bus. A high level applied to this input causes
the digital outputs to go to a high impedance state and a low
level applied causes the digital outputs to go to valid logic
levels.

CLK, Pin 6

The CLOCK input (CLK) will accept an external clock input
from 100 kHz to 1.2 MHz. For an external clock signal to be
recognized by the MK5168, the signal must have a duty
cycle from 20% to 80%.

If CLK is grounded, the conversion process will be controlled
by an on-chip oscillator, resulting in a typical conversion
time of 150 us.

Vaery Pin 7

This input supplies the voltage reference for the A/D
Converter. Internal voltage references are derived from
VREF(+) and GND by a 256 resistor ladder network, as
shown in Figure 4. Ve ,) may be tied to V¢ or to'a higher
precision 5 V source for greater noise immunity.

RESISTOR LADDER AND SWITCH ARRAY
Figure 4

CONTROLS FROM SAR

bV vy

REF(+) O———y

1%R

COMPARATOR
INPUT

GND o

This approach was chosen because of its inherent
monotonicity. A non-monotonic transfer characteristic can
cause oscillations within a closed-loop feedback system.

The top and bottom resistors of the ladder network in Figure
4 are not the same value as the rest of the resistors in the
ladder. They are chosen so that the output characteristic
will be symmetrical about the full-scale and zero points. The
first output transition occurs when the analog signal
reaches +'2 LSB and succeeding transitions occur every 1
LSB until the output reaches full-scale.

GND, Pin 8

All inputs and outputs are referenced to GROUND (GND),
which is defined as O V and O logic level.

DIGITAL OUTPUT, Pins 9-16
DO-D7

These pins supply the digital output code which
corresponds to the analog input voltage. DO is the least
significant bit(LSB) and D7 is the most significant bit(MSB).
This output is stored in a TTL-compatible, 3-state output
latch which can drive a 56 pF bus from high impedance to
either logic state in 250 ns. Each pin can drive one standard
TTL load directly without a pull-up resistor.
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ABSOLUTE MAXIMUM RATINGS* (Note 1)

Absolute MaximUmM Vo E L ov e e i e e s 65V
Operating TempPerature RANGE . ... ... et ittt ittt ettt e e eieennnnnnns -40° to +85°C
Storage Temperature Range ... .......ouutinttt ettt te ettt eaiaie e ranaaeanaenas -65° to +150°C
Power Dissipation at 25°C AMDIENT ... ...ttt it it e et ittt ettt e s e 500 mW
Voltage at any pin except Digital Inputs ...................coiiiiiiiiiiiiiiciiiieeaa., 0310V +03V
Voltage at Digital InpULS .. ..oo it i ittt ittt e s e i e e e -0.3to+15V

*Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation of the device at
these or any other condition 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.

ELECTRICAL OPERATING CHARACTERISTICS
MK5168-1 (Note 1)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS[NOTES
Vee Power Supply Measqred at 4.75 5.00 5.25 v
Voltage Vee pin
VREF(+) | Voltage Across From VREF(+)
Ladder to GND Vee-0.12 Veet0.12] vV
DC CHARACTERISTICS
MK5168-1 )
476 <V =525V, -40 =<Tp < +85°C unless otherwise noted
SYMBOL { PARAMETER CONDITIONS MIN TYP MAX UNI'EINOTES
VINHIGH | Logic Input Vec =5V
High Voltage cc 35 v
V|NL0W LOglC lnput VCC =5V 15 v
Low Voltage
VouTtHigH| Logic Output - B
High Voltage lour 360 pA Vee-04 v
VOUTLOW Logic Output _
| Low Voltage loyr = 1.6 mA 0.5 \%
"NHIGH Logic Input —
High Current Vin =15V 10 A
INnLow Logic Input Vin =0V )
Low Current IN 10 HA
lee Supply Current Clk Freg=500 kHz 300 1000 HA
Clk Freq=640 kHz 1300 uA
ILEak High Impedance Vout =Vce 3 LA
Output Current Vour =0V -3 MA
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DC CHARACTERISTICS
MK5168-1 -40 <Tp < +85°C,

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | UNITS|NOTES,
Rps Power Supply 475 <Vpc =5.25
Rejection VREF(+) = VeC 0.05 0.15 %/V 9
lcomp IN | Comparator Input During Conversion } 5 10
Current fo = 640 kHz 2 +0. 2 HA
RLADDER | Ladder Resistance From VREF(+) to 33 7 KQ
GND ’
CONVERTER SECTION
Vee = VRer =5V
fe = 640 kHz
MK5168-1 -40 < T, < + 85°C unless otherwise noted
PARAMETER CONDITIONS MIN | TYP | MAX [UNITS |[NOTES
Resolution 8 Bits
Non-Linearity Error +% | £% LSB 2
Zero Error T% | £ LSB 4
Full-Scale Error +% | £% LSB 5
Total Unadjusted
Error +% | £% LSB 6
Ta =25°C +% | £% LSB 6
| Quantizing Error % LSB 7
Absolute Accuracy ‘ +% | £1% LSB 8
Ta=25°C +3% [ £1 LSB 8
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AC CHARACTERISTICS (Reference Figure 7)

MK5168-1 Tp = 25°C, Ve = VReg (+) = 5V or 5.12 V

SYMBOL | PARAMETER CONDITIONS MIN | TYP| MAX |UNITS|NOTES
tsTART | START Pulse Width 200 ns
tcsa Chip Select Time to Valid C_ =56 pF 125 250 ns
Logic Levels On Digital C, =200 pF 300 ns
Outputs
tcso Time to HI-Z C_L=10pF
From C§ = Ve RL = 10kQ 125 | 250 | ns
te Conversion Time fo = 640 kHz 106 108 110 us
fc = finternal Clock 150 HS
fe = 1200 kHz 57 58 59 us
fe External Clock Freq. 100 640 | 1200 kHz 1"
BUSY BUSY Delay Time 0 2 | Clock | 3
Periods
CIN Input Capacitance At Logic Inputs 10 15 pF
Cout Output At Digital
Capacitance Outputs CS=V¢¢ 5 75 pF
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FULL-SCALE, QUANTIZING AND ZERO ERROR

NON-LINEARITY ERROR

Figure 5 Figure 6
OUTPUT ouTPUT
CODE e CODE FULL-SCALE ENDPOINT
INFINITE RESOLUTION
INFINITE RESOLUTION
1 PERFECT CONVERTER | &~ CONVERTER
H FULL SCALE
1104 IDEAI 3. BIT CONVERTER CUR\ 7 _J  ERROR<%1SB i
 ——
101 -
ACTUAL CONVERTER
100 ¢ n NON-LINEARITY ERROR
/] !
011 - 1
_>[ I(-QUANTIZING ERROR
010 4 / .
001 E ZERO ENDPOINT
——1; ZERO ERROR - %4 LSB
000 T T x T T T——T— ANALOG IN 000 —TT T T—— ANALOG N
[ 1 2 3 4 [ 6 7 o
Ls8
TIMING DIAGRAM
Figure 7
1/t
wo — LU U U UL
3 )=
START 50% [ s0% A
<> tgTART .
CHIP SELECT AR 50%
% 1t tcso
50% ot
BUSY ]
€—tgygy —> 3y
—t r
OUTPUTS HIGH IMPEDANCE N 90% vauip i 90%
tt 10% | 10%
NOTES:

1. All voltages are measured with respect to GND.

Non-linearity error is the maximum deviation from a straight line through the
end-points of the A/D transfer characteristic. (Figure 6)

When BUSY is tied to START, BUSY delay is 1 clock period.

Zero Error is the difference between the actual input voltage and the design input
voltage which produces a zero output code. (Figure 5)

Full-Scale Error is the difference between the actual input voltage and the design
input voltage which produces a full-scale output code. (Figure 5)

Total Unadjusted Error is the true measure of accuracy the converter can provide
less any quantizing effects.

Quantizing Error is the £ LSB uncertainty caused by the converter’s finite
resolution. (Figure 5)

8. Absolute Accuracy is the difference between the actual input voltage and the
full-scale weighted equivalent of the binary output code. This includes quantizing
and all other errors.

9. Power Supply Rejection is the ability of an ADC to maintain accuracy as the power
supply voltage varies. The power supply and VREF( +)are varied together and the
change in accuracy is measured with respect to full-scale.

10. Comparator Input Current is the time average current into or out of the chopper
stabilized comparator. This current varies directly with clock frequency and has
little temperature dependence.

11. A minimum duty cycle of 20% is required at the clock input.
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MOSTEK.

8-BIT A/D CONVERTER/8-CHANNEL ANALOG MULTIPLEXER

MK50808(N/P)

FEATURES

O Single 5-Volt Supply (= 5%)

O Low Power Dissipation - 6.825mW(max) at 640kHz
O Total Unadjusted Error < = %2 LSB
O Linerarity Error << + ¥, LSB

0O No Missing Codes

0 Guaranteed Monotonicity

0O No Zero Adjust Required

O No Full-Scale Adjust Required

0O 108us Conversion Time (Typically)
[0 Easy Microprocessor Interface

O Latched TTL-Compatible Three-State Output with
True Bus-Driving Capability

0O 8-channel Analog Multiplexer
O Latched Address Input
O Fixed Reference or Ratiometric Conversion

O Continuous or Controlled Conversion

[m]

On-Chip Chopper-Stabilized Comparator

O Low Reference-Voltage Current Drain

DESCRIPTION

The MK50808 is a monolithic CMOS device with an 8-
bit successive approximation A/D converter, an 8-
channel analog multiplexer and microprocessor-
compatible control logic. The 8-channel multiplexer can
directly access any one of 8 single-ended analog
channels. The 8-bit A/D converter consists of 256
series resistors with an analog switch array, a chopper-
stabilized comparator and a successive approximation

The pin configuration of the MK50808 is shown in
Figure 1.

PIN CONNECTIONS

Figure 1
A
IN3—» 1[]® []28 ««—IN2
INg—»2 (] []27 «—IN1
IN5 —» 3 [] ] 26 «—INO
ING —»4 [} 125 «—ADD A
IN7—»5 [] | 124 «—ADD B
START—»6 [ []23 «—ADDC
EOC -— 7 [} [122 «—ALE
D3 <— 8 [] [121 —»D7
R rags > 9L 120 06
cLocK—»100] 119 —»D5
Vee =11 118 —»D4
REF{+)—12[] (117 — D0
GND—»13[] 116 <— REF(—)
D114 ] 115 —»D2

monotonicity and no missing codes as well as allowing
both ratiometric and fixed-reference measurements.
The need for external zero and full-scale adjustments
has been eliminated and an absolute accuracy of < 1
LSB, including quantizing error, is provided. A block
diagram of the MK50808 is shown in Figure 2.

All digital outputs are TTL-compatible, all digital inputs
are TTL-compatible with a pull-up resistor, and all
digital inputs and outputs are CMOS-compatible; this
makes it easy to interface with most microprocessors.
The output latch is three-state and provides true bus-
driving capability (300ns from Three-State Control to Q
Logic State with 200pF load). A Start signal initiates the
conversion process, and, upon completion, an End-Of-
Conversion signal is generated. Continuous conversion
is possible by tying the Start-Convert pin to the End-of-
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register. The series resistor approach guarantees
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The MK50808 features low power, high accuracy, industrial controls.

minimal temperature dependence, and excellent long-

term accuracy and repeatability. These characteristics A block diagram of a microprocessor control system
make this device ideally suited to machine and using the MK50808 is shown in Figure 3.

MK50808 BLOCK DIAGRAM
Figure 2

START CLOCK
8-8IT A/D
o— r- T -7
! END OF
I et [ © CONVERSION
= | TIMING !
o—| |
- | P!
8 ANALOG CHAlNEL |
INPUTS | O MULTI- | SAR
PLEXER |
o— COMPARATOR ! o
I | EE
THREE- | o
o— | ] STATE
— L g
o— | LATCH/
| | BUFFER [—©O
|
| o
! SWITCH | |
ARRAY
(o—{ L- = |
3.8IT J 0— | |
ADDRESS | 0—
|
ADDRESS l
ADDRESS DECODER [ 256 R !
LATCH o RESISTOR
ENABLE i LADDER I
| ]
U |
[}
VCe GND REF(+) REF(4 THREE-STATE
CONTROL
TYPICALMICROPROCESSOR CONTROL SYSTEM
Figure 3
DISPLAY —, —”""' - - 7"
([ |
!
)8 I
PHYSICAL A -
VARIABLE
Temperature -
Pressure
Waight SENSOR FILTER MUX
Flow
Light
Hymidity
pH | ol
etc.
’_\/ I
OTHER Y ! AD
CHANNELS |
controLLER JU\W ! )
|

PWR
AMPL DAC
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FUNCTIONAL DESCRIPTION (Refer To Figure 2 for
a Block Diagram)

ADDRESS, Pins 23-25

The address decoder allows the 8-input analog
multiplexer to select any one of 8 single-ended analog
input channels. Table 1 shows the required address
inputs to select any analog input channel.

ADDRESS LATCH ENABLE, Pin 22

A positive transition applied to the Address Latch
Enable (ALE) input latches a 3-bit address into the
address decoder. ALE can be tied to Start with
parameter tp being satisfied.

CLOCK INPUT, Pin 10

This Clock Input will accept an external clock input from
100kHz to 1.2MHz

POSITIVE AND NEGATIVE REFERENCE
VOLTAGES [REF (+) and REF (-)], Pins 12 and 16

These inputs supply voltage references for the analog-
to-digital converter. Internal voltage references are
derived from REF (+) and REF (-) by a 256-R ladder
network, Figure 4.

This approach was chosen because of its inherent
monotonicity, which is extremely important in closed-
loop feedback control systems. A non-monotonic
transfer characteristic can cause catastrophic oscilla-
tions within a system.

The top and bottom resistors of the ladder network in
Figure 4 are not the same value as the rest of the

ANALOG CHANNEL SELECTION

Table 1
SELECTED ~ ADDRESS LINE
ANALOG CHANNEL

C B A
INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
INS H L H
IN6 H H L
IN7 H H H

resistors in the ladder. They are chosen so that the
output characteristic will be symmetrical about its full-
scale and zero points. The first output transition occurs
when the analog signal reaches +% LSB and
succeeding transitions occur every 1 LSB until the
output reaches full scale.

ANALOG INPUTS, Pins 1-5, 26-28

These inputs are multiplexing analog switches which
accept analog inputs from OV to Vcc.

The comparator is the most important section of the
A/D converter because this section determines the
ultimate accuracy of the entire converter. It is the DC
drift of the comparator which determines the repeat-
ability of the device. A chopper-stabilized comparator
was chosen because it best satisfies all the converter
requirements.

The chopper-stabilized comparator converts the DC
input signal into an AC signal. This signal is amplified by
a high-gain AC amplifier and the DC level is restored.

This technique limits the drift component of the -

comparator because the drift is a DC component which
is not passed by the AC amplifier.

Since drift is virtually eliminated, the entire A/D
converter is extremely insensitive to temperature and
exhibits very little long-term drift and input offset error.

RESISTOR LADDER AND SWITCH ARRAY
Figure 4

CONTROLS FROM SAR

I

REF{+) Oy

1%R

R
4 L .
R f T0
. . COMPARATOR
M INPUT
250R® * .

%R

REF() O
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START, Pin 6

The A/D converter’s successive approximation register
(SAR) is reset by the positive edge of the Start pulse.
Conversion begins on the falling edge of the Start pulse.

A conversion in progress will be interrupted if a new
Start pulse is received and a new conversion will begin.

END OF CONVERSION, Pin 7

The End-Of-Conversion (EOC) output goes high when
the conversion process has been completed. The
positive edge of the EOC output indicates a valid digital
output. Continuous conversion can be accomplished by
tying the EOC output to the Start input.. If the A/D
converter is used in this mode, an external Start
pulse should be applied after power up. End of
Conversion will go low within 2 clock periods after the
positive edge of Start.

8-BIT DIGITAL OUTPUT, Pins 8, 14, 15, 17-21

These pins supply the binary digital output code which
corresponds to the analog input voltage. DO is the least
significant bit (LSB) and D7 is the most significant bit
(MSB). This output is stored in a TTL-compatible three-
state output latch which can drive a 200pF bus from
high impedance to either logic state in 300ns. Each pin
can drive one standard TTL load.

THREE-STATE CONTROL, Pin 9

The Three-State Control allows the converter to be
connected to an 8-bit data bus. A low level applied to
this input causes the digital output to go to a high
impedance state and a high level causes the outputto go
to a Q logic state.

ABSOLUTE MAXIMUM RATINGS* (Note 1)

Absolute Maximum Ve, .o
Operating Temperature Range ..............oovevunnn,

Storage Temperature Range.............ooevieiiiinnnn,
Power Dissipation at 25°C ............. e
Voltage at any Pin except Digital inputs ...............
Voltage at Digital Inputs............cooiiiiiiiinn,

............................................... 6.5V
............................. MK50808 0°C to +70°C

MK50808-1 -40° to +85°C

..................................... -65° to +150°C
............................................ 500mwW
.................................. -03to Vet 0.3V
....................................... -0.3 to +15V

*Stresses above those listed under “Absolute Maximum Ratings'* may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or any other condition 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.

ELECTRICAL OPERATING CHARACTERISTICS
MK50808, MK50808-1 {Note 1)

SYM PARAMETER CONDITIONS MIN TYP | MAX [UNITS {NOTES
Vee Power Supply Measured at

Voltage Ve Pin 4.75 500 | 5.25 \
VLADDER| Voltage Across From REF(+)

Ladder to REF(-) 0512 | 5.12 5.25 \% 2
VRep(+) | Voltage at Top Measured at

of Ladder REF(+) Vee | Veet0.1) Vv
VREF(+>+)
VReg(-) /| Voltage at Center | Measured at Vgc-0-1 \Lg_Q Vee+0.1 Vv

2 of Ladder RLADDER/2 2 2

VREef(-) | Voltage at Bottom | Measured at

of Ladder REF(-) -0.1 0 \%
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DC CHARACTERISTICS
All parameters are 100% tested at 25°C. Device parameters are characterized at high and low temperature

limits to assure conformance with the specification.
MK50808, MK50808-1

4.75 <Vcee< 5.25V, -40 < T < +85°C unless otherwise noted

SYMBOL| PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
VINHIGH Logic |nFUt
High Voltage Vee = BV 35 \
VinLow Logic Input
Low Voltage Vee = BV 1.5 \
Vournicu | Logic Output
High Voltage lour = -360pA Vec-04 \
VourLow Logic Output
Low Voltage lour = 1.6mA 04 \
linnicH Logic Input
High Current Vin = 15V 1.0 uA
linLow Logic input ‘
Low Current Vin = OV -1.0 pA
lee Supply Current Clk. Freq=500kHz 300 1000 uA
Clk. Freq=640kHz 1300 nA
lour Three-State
Output Current Vour = Ve 3 uA
Vour = OV -3 uA
DC CHARACTERISTICS )
MK50808-1, -40 < Tp < +85°C; MK50808, 0° < Tp< +70°C
SYMBOL { PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
Psr Power Supply 475 <Vcc=Vredt)
Rejection <5.25V Viee(-)=GND 0.05 0.15 %/V 10
RrappER Ladder Resistance |From REF(+) to
REF (-) 3.8 7 kQ
ANALOG MULTIPLEXER
MK50808, MK50808-1
-40° < TA< +85°C unless otherwise notea
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
lon On-Channel Input | fc = 640kHz
Current During Conver-
sion -2 + .05 +2 pA 11
lors(+) Off - Channel Vee=bV, Vin=5V,
Leakage Current Ta=25°C 10 200 nA
lors(-) Off - Channel Vee=5V, Vin=0V,
Leakage Current Ta = 25°C -200 -10 nA
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CONVERTER SECTION

Vce = VRerH) = 5V, VRer(-) =GND, ViN='VCOMPARATOR IN- fc = 640kHz

MK50808-1, -40 <Tp < +85°C unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX UNITS NOTES
Resolution 8 Bits
Non-Linearity Error + Y % LSB 3
Zero Error *+ Y + LSB 5
Full-Scale Error +% % LSB 6
Total Unadjusted
Error Ta= 25°C % +% LSB 7
+ + 3% LSB
Quantizing Error % LSB 8
Absolute Accuracy | Ta= 25°C + 3% +1 LSB 9
+ % +1% LSB
MK50808, 0° < Tp < +70°C
PARAMETER MIN TYP MAX UNITS NOTES
Resolution 8 Bits
Non-Linearity Error + 1 LSB 3
Zero Error + *% LSB 5
Full-Scale Error *+ % LSB 6
Total Unadjusted Error + % +£1 LSB 7
Quantizing Error % LSB 8
Absolute Accuracy +1 T 1% LSB 9
FULL-SCALE, QUANTIZING AND ZERO ERROR NON-LINEARITY ERROR
Figure 5 Figure 6
gg;:u'r ouTPUT
CODE
o _/Li”éi'é“s'g CONVERTER. F.S. ENDPOINT ———3= Zet— RESOLUTON
f SLLsoALE - CONVERTER
"uﬂ IDEAL 3-BIT CONVERTER CURVE ERROR
[ I =1
101 -
ACTUAL CONVERTER
100 41/ .
i NON-LINEARITY ERROR
j **“5 LﬁOUANTIZING ERROR 7
010—‘ —t
ot r -~ ZERO ENDPOINT
’; LZEROERROR
000 L — vin

T T T T T
2 3 4 5 6

1
LS8

T T T VN
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AC CHARACTERISTICS (Figure 7)
MK50808, MK50808-1,Tp = 25°C,Vcc = VRER(+) = BV or 5.12V,VRgg{-) = GND

SYMBOL| PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
tws Start Pulse Width 200 ns
twaLE Minimum ALE
Pulse Width 200 ns
ts Address Set-Up
Time 50 ns
th Address Hold Time 50 ns
to Analog MUX Delay [Rg+RoN< 5k} 1 25 us 12
Time from ALE
i, tho Three-State Control{C_ = 50pF 125 250 ns
to Q Logic State Cy = 200pF 300 ns
tin, ton Three-State Control|Ci_ = 10pF,
to Hi-Z RL = 10kQ 125 250 ns
tc Conversion Time  [fc= 640kHz 106 108 110 us
fc External Clock Freq. 100 640 1200 kHz
teoc EOC Delay Time o] 2 Clock 4
Periods
Cin Input Capacitance |At Logic Inputs 10 15 pF
At MUX Inputs 5 7.5 pF
Cour Three-State Output |At Three-State 5 75 pF
Capacitance Outputs
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TIMING DIAGRAM

Figure 7 1/4¢

e Epininiaipininininininll

ALE 50% 50%
e tWALE —
{STABLE ADDRESS N
[49
ADDRESS 50%,C 50%
)
s = h —t
)
(i —
INPUT J%-—— ———————————— STABLE >
P
—— l«—<1/2 LSB
MUX X
OUTPUT X , X
&
a— 1D —m
START 50%;‘ NGO%
1{4
-ty g
THREE-STATE 50% 50%
CONTROL R —
tc |
Foc sox 50;0}
< t [P
EOC 1 tH1, tHo —> — —t1H. toOH
3 90%
OUTPUTS R f 90%
(50pF Load) HIGH IMPEDANCE ) 10%
* tHy =2 +—T1HQ 10%
- ads —
OUTPUTS
HIGH IMPEDANCE 2.4V § 0.4V
{200pF Load) - x

NOTES:

1. All voltages are measured with respect to GND.

2. The minimum value for V| AppEgR Will give 2mV resolution. However, the
guaranteed accuracy is only that which is specified under “DC
Characteristics™

3. Non-linearity error is the maximum deviation from a straight line through

the end points of the A/D transfer characteristics, Figure 6.

When EOC is tied to START, EOC delay is 1 clock period.

5. Zero Error is the difference between the actual input voltage and the
design input voltage which produces a zero output code, Figure 5.

6. Full-Scale Error is the difference between the actual input voltage and the
design input voltage which produces a full-scale output code, Figure 5.

7. Total Unadjusted Error is the true measure of accuracy the converter can
provide less any quantizing effects.

»

1.

VII-36

Quantizing Error is the % LSB uncertainty caused by the converter’s
finite resolution, Figure 5.

Absolute Accuracy is the difference between the actual input voltage and
the full-scale weighted equivalent of the binary output code. This includes
quantizing and all other errors.

Power Supply Rejection is the ability of an ADC to maintain accuracy as
the power supply voltage varies. The power supply and VRgf(+) are varied
together and the change in accuracy is measured with respect to
full-scale.

Input Current is the time average current into or out of the chepper-
stabilized comparator. This current varies directly with clock frequency
and has little temperature dependence.

This is the time required for the output of the analog multiplexer to settle
within +%: LSB of the selected analog input signal.



MOSTEK.

8-BIT A/D CONVERTER/16-CHANNEL ANALOG MULTIPLEXER

MK50816(N/P)

FEATURES

Single 5 Voit Supply (= 5%)

Low Power Dissipation - 6.825mW(max) at 640kHz
Total Unadjusted Error < & 2 LSB

Linerarity Error < * %2 LSB

No Missing Codes

Guaranteed Monotonicity

No Zero Adjust Required

No Full-Scale Adjust Required

108us Conversion Time (Typically)

Easy Microprocessor Interface

OO0 o0 o0ooco oo oo

Latched TTL Compatible Three-State Output with
True Bus-Driving Capability

Expandable 16-channe! Analog Multiplexer
Latched Address Input

o O ad

Fixed Reference or Ratiometric Conversion
O Continuous or Controlled Conversion
O On-Chip or External Clock

0O On-Chip Chopper-Stabilized Comparator

O Low Reference-Voltage Current Drain

DESCRIPTION

The MK50816 is a monolithic CMOS device with an 8-
bit successive approximation A/D converter, a 16-
channel analog multiplexer and microprocessor-
compatible control logic. The 16-channel multiplexer
can directly access any one of 16 single-ended analog
channels and provides logic for additional channel
expansion. The 8-bit A/D converter consists of 256
series resistors with an analog switch array, a chopper-
stabilized comparator and a successive approximation
register. The series resistor approach guarantees
monotonicity and no missing codes as well as allowing
both ratiometric and fixed-reference measurements.

The pin configuration of the MK50816 is shown in
Figure 1 below:

PIN CONNECTIONS

Figure 1
N
N3 —>1E . 140 <— N2
L
IN4 -—>2E :]394—7IN1
IN5—>3E 3334——|N0
EXPANSION
w6—saf | | 137 = conTrot
(N7 —5 (| | ]36 <—ADD A
st—»a{: [ Jss<—aoD8
IN9 »7[1 :]34<—ADDC
IN10—~>3[: :]33<—ADD D
IN‘I1—«>9E j32<—ALE
12 w10 ] MK50816 nE o7
IN13—>11E :]30 —=D6
_
IN14—>12]_| Dze —»D5
EOC<—13[: jzs —»D4
o
n1s—>14] | [ ]27 —03
common=—15[_| MEE
START—>16]_| 325 —>01
vee—=17[_| Dz4 —»D0
COMPARATOR REF(
IN"“SE D23<— [E]
REF(+) —=19[_| r:|22<—cmcx
. THREE-STATE
6np —=20[_| gz' = CONTROL

All digital outputs are TTL-compatible, all digital inputs
are TTL-compatible with a pull-up resistor, and all
digital inputs and outputs are CMOS-compatible; this
makes it easy to interface with most microprocessors.
The output latch is three-state and provides true bus-
driving capability (300ns from Three-State Control to Q
Logic State with 200pF load). A Start Convert signal
initiates the conversion process, and, upon completion,
an End Of Conversion signal is generated. Continuous
conversion is possible by tying the Start-Convert pin to

The need for zero and full-scale adjustments has been
eliminated and an absolute accuracy of < 1 LSB,
including quantizing error, is provided.

the End-of-Conversion pin. The clock pin may be
connected to an external oscillator or tied to ground to
enable an on-chip oscillator.
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The MK50816 features low power, high accuracy, A block diagram of a microprocessor control system
minimal temperature dependence, and excellent long- using the MK50816 is shown in Figure 3.

term accuracy and repeatability. These characteristics

make this device ideally suited to machine and

industrial controls.

MK50816 BLOCK DIAGRAM cowparaToRo

Figure 2 COMMON 0———*—j
START CLOCK
o]
o 8-BITA/D .
o r - B 1
Ll
E
o— ! CORTROL  =——————""0CONVERSION
o—|
i TIMING ,
ol
! I
2 16— |
16 ANALOG CrANNEL ] | ‘
INPUTS | @1 MULTI- | SAR
o—| PLEXER |
B o
o— COMPARATOR I o
o—]| ‘ I THREE- [ o
o— | : STATE
- oureur 2 baar
o— ! LATCH/
0
L | | BUFFER
| |
@ | 2 °
! SWITCH |
C ARRAY
o— -7 |
4BIT o— | AN |
ADDRESS | o—
| |
O— ADDRESS
ADDRESS DECODER ! 256 R ‘
LATCH o RESISTOR
ENABLE i LADDER |
EXPANSION ] !
CONTROL © L N
<}
Vce GND REF(+) REF(4 THREE-STATE
CONTROL
TYPICAL MICROPROCESSOR CONTROL SYSTEM
Figure 3 | “ ” |
DISPLAY ’—“—”—’ L‘ - - -n
S S L . !
|
MK50816 |
PHYSICAL
VARIABLE
TEMPERATURE
PRESSURE

WEIGHT SENSOR FILTER h MUX

FLOW

LIGHT

HUMIDITY SAMPLE/|

pH HOLD P

etc. m — T Tle

T~ !
I
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l
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FUNCTIONAL DESCRIPTION (Refer To Figure 2 for
a Block Diagram)

ADDRESS, Pins 33-36

The address decoder allows the 16-input analog
multiplexer to select any one of 16 single-ended analog
input channels. Table 1 shows the required address and
expansion control inputs to select any analog input
channel.

ADDRESS LATCH ENABLE, Pin 32

A positive transition applied to the Address Latch
Enable (ALE) input latches a 4-bit address into the
address decoder. ALE can be tied to Start with
parameter t, being satisfied.

COMMON OUTPUT, Pin 15

This is the output of the 16-channel analog multiplexer.
The maximum ON resistance is 3k(}.

EXPANSION CONTROL, Pin 37

Additional single-ended analog signals can be
multiplexed to the A/D converter by hoiding the
Expansion Control low, disabling the multiplexer. These
additional externally-multiplexed signals are to be
connected to the Comparator Input and the device
ground. Additional signal conditioning such as sample-
and-hold or instrumentation amplification can be added
between the analog signal and the Comparator Input.

CLOCK INPUT, Pin 22

The Clock Input will accept an external clock input from
100kHz to 1.2MHz. A minimum duty cycle of 20% is
required for the Clock Input to detect the presence of an
external clock signal.

If the Clock pin is grounded, the conversion process will
be controlled by an on-chip oscillator.

POSITIVE AND NEGATIVE REFERENCE
VOLTAGES [REF (+) and REF (-)], Pins 19 and 23

These inputs supply voltage references for the analog-
to-digital converter. Internal voitage references are
derived from REF (+) and REF (-) by a 256-R ladder
network, Figure 4.

This approach was chosen because of its inherent
monotonicity, which is extremely important in closed-
loop feedback control systems. A non-monotonic
transfer characteristic can cause catastrophic
oscillations within a system.

The top and bottom resistors of the ladder network in
Figure 4 are not the same value as the rest of the
resistors in the ladder. They are chosen so that the
output characteristic will be symmetrical about its full-
scale and zero points. The first output transition occurs
when the analog signal reaches +'2 LSB and
succeeding transitions occur every 1 LSB until the
output reaches full scale.

ANALOG CHANNEL SELECTION
Table 1

SELECTED ADDRESS LINE

ANALOG CHANNEL

EXPANSION
CONTROL

D c B A

INO H
N1
IN2
IN3
INg
INS
ING
N7
INg
N9
N1
INT
N2
IN13
IN14
IN15

H

XITITIITITeCrererrCE@Ee
XITITTIrFcreITIIICCCoC
X I ITr-rF-rIIFecIICFETICC
XIF~-~IFcFIcFcIeCcIrIcITezTe
FIIITIIIIIIIIIT

All Channels OFF

X = don’t care

REF{:) Omed

RESISTOR LADDER AND SWITCH ARRAY
Figure 4

CONTROLS FROM SAR

—t—
b4

REF(+) O———

1%R

T0
COMPARATOR
INPUT

%R
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ANALOG INPUTS, PINS 1- 12, 14, 38-40

These inputs are multiplexing analog switches which
accept analog inputs from OV to V.

COMPARATOR INPUT, Pin 18

The comparator is the most important section of the
A/D converter because this section determines the
ultimate accuracy of the entire converter. It is the DC
drift of the comparator which determines the
repeatability of the device. A chopper-stabilized
comparator was chosen because it best satisfies all the
converter requirements.

The chopper-stabilized comparator -converts the DC
input signal into an AC signal. This signal is amplified by
a high-gain AC amplifier and the DC level is restored.
This technique limits the drift component of the
comparator because the drift is a DC component which
is not passed by the AC amplifier.

Since drift is virtually eliminated, the entire A/D
converter is extremely insensitive to temperature and
exhibits very little long-term drift and input offset error.

START, Pin 16

The A/D converter’s successive approximation register
(SAR) is reset by the positive edge of the Start pulse.
Conversion begins on the falling edge of the Start pulse.
A conversion in progress will be interrupted if a new

start conversion pulse is received and a new conversion
will begin.

END OF CONVERSION, Pin 13

The End Of Conversion (EOC) output goes high when
the conversion process has been completed. The
positive edge of the EOC output indicates a valid digital
output. Continuous conversion can be accomplished by
tying the EOC output to the Start input. If the A/D
converter is used in this mode, an external start
conversion pulse should be applied after power up. End
of Conversion will go low within 2 clock periods after the
positive edge of Start.

8-BIT DIGITAL OUTPUT, Pins 24-31

These pins supply the digital output code which
corresponds to the analog input voltage. DO is the least
significant bit (LSB) and D7 is the most significant bit
(MSB). This output is stored in a TTL-compatible three-
state output latch which can drive a 200pF bus from
high impedance to either logic state in 300ns. Each pin
can drive one standard TTL load.

THREE-STATE CONTROL, Pin 21

The Three-State Control allows the converter to be
connected to an 8-bit data bus. A low level applied to
this input causes the digital output to go to a high
impedance state and a high level causes the outputto go
to a Q logic state.

ABSOLUTE MAXIMUM RATINGS* (Note 1)

Absolute MaximumVee oo
Operating Temperature Range ........................

............................................... 6.5V
............................... MK50816 0° to +70°C

MK50816-1 -40°C to +85°C

Storage Temperature Range . .........iiiiiiiiiiiiietnteetnertreetenaiiosesosiosenenss ...-65°C to +150°C
Power DissSiPation @t 250 C ...\ttt ittt ittt i it e e e e 500mwW
Voltage at any Pin except Digital Inputs ...t -0.3toVge +0.3V
Voltage at Digital Inputs ................... e et ee e et e -0.3to +15V

*Stresses above those listed under ‘‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or any other condition 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.
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ELECTRICAL OPERATING CHARACTERISTICS
MKS50816, MK50816-1 (Note 1)

SYM PARAMETER CONDITIONS MIN TYP MAX | UNITS | NOTES
Vee Power Supply Voltage |Measured at Ve Pin 475 5.00 5.25 \
VLADDER {Voltage Across Ladder |From REF(+)to REF(-) | 0.512 5.12 5.256 \Y 2
VReg(*) [Voltage at Top of Measured at REF (+) Vee | Vect01 \
Ladder

VREg(+) +\|Voltage at Center of  |Measured at Vee . 0.1 Vee (Vee. \
VReg(-) Ladder RLADDER/2 2 2 2 +0.1

2, -
VRep(-) Voltage at Bottom of |Measured at REF(-) -0.1 0 \")

Ladder

DC CHARACTERISTICS
All parameters are 100% tested at 25°C. Device parameters are characterized at low and high temperature limits to
assure conformance with the specification.
MK50816, MK50816-1
4.75 =V =5.25V, -40 < Tp < +85°C unless otherwise noted

SYM PARAMETER CONDITIONS MIN TYP MAX | UNITS | NOTES
VINHIGH [Logic Input Vee =5V 35 \
High Voltage
VINLOW [Logic Input Vee =5V 15 \
Low Voltage
VoUTHIGH|Logic Output louT = -360uA Vee-04 \
High Voltage
VOUTLOW Logic Output loyt = 1.6mA 04 \
Low Voltage
IINHIGH |Logic Input VIN = 16V 1.0 uA
High Current
IiINnLow  |Logic Input VIN =0V -1.0 HA
Low Current
Ice Supply Current Clk Freq=500kHz 300 1000 uA
Clk Freq=640kHz 1300 A
louT Three-State Vout=Vce 3 KA
Output Current VouT=0V -3 kA
DC CHARACTERISTICS
MK50816-1 -40 < T < +85°C, MK50816 0° < Tp < +70°C
SYM PARAMETER CONDITIONS MIN TYP MAX | UNITS | NOTES
Rps Power Supply 475<Vcc =525 0.05 0.15 %/V 10
Rejection VREr (t) = Ve
VReg(-) = GND
lcomP IN |Comparator Input fc = 640kHz -2 +05 2 A 11
Current During Convs.
RLADDER |Ladder Resistance From REF(+) to REF (-) 3.8 7 kQ
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ANALOG MULTIPLEXER
MK50816, MK50816-1
-40° < Tp < +856°C unless otherwise noted

SYM PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
Ron Analog Multiplexer (Any Selected Channel) 1.5 3 kQ
ON Resistance Ta = 25°C, R = 10k
ARpN A ON Resistance (Any Selected Channel) 75 Q
Between Any 2 RL =10k
Channels
lopp(*) OFF Channel Vee=5V, ViN=5V, 10 200 nA
Leakage Current Ta=25°C
loFr(-) OFF Channel Vee=5V, ViN=0V, -200 -10 nA
Leakage Current Ta=25°C
CONVERTER SECTION
Vece = VReF(*) = 5V, VReF(-) = GND, V)N = VCOMPARATOR IN-
fc = 640kHz
MK50816-1 -40 < T < +85°C unless otherwise noted
PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
Resolution 8 Bits
Non-Linearity Error +% +% LSB 3
Zero Error +V % LSB 5
Full-Scale Error + % % LSB 6
Total Unadjusted Error Ta =25°C T Rl LSB 7
T T % LSB
Quantizing Error +% LSB 8
Absolute Accuracy Ta =25°C +% +1 LSB 9
+ % +1% LSB
MK50816 0° <Tp < +70°C
PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
Resolution 8 Bits
Non-Linearity Error + 1 +1 LSB 3
Zero Error +% % LSB 5
Full-Scale Error + % % LSB 6
Total Unadjusted Error Rl ”} +1 LSB 7
Quantizing Error +% LSB 8
Absolute Accuracy +1 +1% LSB 9
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AC CHARACTERISTICS (Figure 7)
MK50816, MK50816-1 T = 25°C, Ve = VRgp(+) = BV or 5.12V, VRgp(-) = GND

SYM PARAMETER CONDITIONS MIN TYP MAX | UNITS | NOTES
tws Start Pulse Width 200 ns
tWALE Minimum ALE 200 ns
Pulse Width
ts Address Set-Up Time 50 ns
tH Address Hold Time 50 ns
tp Analog MUX Delay Common Tied to 1 25 us 12
Time from ALE Comparator In,
Rg + RoN < 5kQ,
CL = 10pF
tH1.tHo | Three-State Control CL = 60pF 125 250 ns
to Q Logic State CL = 200pF 300 ns
t1H. toH | Three-State Control | C|_= 10pF,
to Hi-Z RL = 10kQ 125 250 ns
tc Conversion Time fc = 640kHz 106 108 110 us
fc = fINTERNAL cLOCK 150 us
fc External Clock Freq 100 640 1200 kHz 13
tEoC EOC Delay Time 0 2 Clock 4
Periods
CiN Input Capacitance At Logic Inputs 10 15 pF
At MUX Inputs 5 7.5 pF
Cout Three-State Output At Three-State 5 75 pF
Capacitance Outputs

FULL SCALE, QUANTIZING AND ZERO ERROR

Figure 5

ouT)

PUT

CODE

1114

110

IDEAL 3-BIT CONVERTER CURVE

Figure 6

OUTPUT

CODE
INFINITE RESOLUTION
PERFECT CONVERTER 4

—

- FULL-SCALE
ERROR =2 LSB

ZERO ENDPOINT

NON-LINEARITY ERROR

F.S. ENDPOINT
INFINITE RESOLUTION
CONVERTER

ACTUAL CONVERTER

NON-LINEARITY ERROR

101 A T
100 4 |/ .
/:
)
1
011 - n
_‘.I ,-7 QUANTIZING ERROR
010 / T
001 ¢ .
1
1 2ERO ERROR = % LSB
ooo KA T T T T T T VIN 000
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TIMING DIAGRAM
Figure 7

50%

|- WWALE &
{ STABLE ADDRESS

"
<
ADDRESS 50%)[ 50%
-
e

tg i e H
W
[14
. INPUT STABLE
% /
— e—<1/2 LSB
%
Mux = X
QUTPUT
A
f— 1D ——f
START 50‘%;[ )KSO%
i34
[ Tyy s
THREE-STATE 50% 50%

CONTROL R

tc |
EOC
X 50% 50% }[
2
[«——tEQOC ——b{ « tH1, tHo —* — [*——11H. 10H

N 90%
BSY

OUTPUTS ) 90%

HIGH N
(50pF Load) GH IMPEDANCE N 10%
® ] ——t 10%
tH1 ] [ HO
kS
OUTPUTS
H
(2000F Load) HIGH IMPEDANCE N 2.4v (o,av X
NOTES: 8. Quantizing Error is the + %2 LSB uncertainty caused by the converter’s

1. All voltages are measured with respect to GND. finite iresolution, Figure 5.

2. The minimum value for V| AppgR Will give 2mV resolution. However, the 9. Absolute Accuracy is the difference between the actual input voltage and
guaranteed accuracy is only that which is specified -under “DC the full-scale weighted equivalent of the binary output code. This includes
Characteristics™. quantizing and all other errors.

3. Non-linearity error is the maximum deviation from a straight line through 10. Power Supply Rejection is the ability of an ADC to maintain accuracy as
the end points of the A/D transfer characteristic, Figure 6. the power supply voltage varies. The power supply and VRgg(+) are varied

4. When EOC is tied to START, EQC delay is 1 clock period. together and the change in accuracy is measured with respect to

6. Zero Error is the difference between the actual input voltage and the full-scale.
design input voltage which produces a zero output code, Figure 5. 11. Comparator Input Current is the time average current into or out of the

6. Full-Scale Error is the difference between the actual input voltage and the chopper-stabilized comparator. This current varies directly with clock
design input voltage which produces a full-scale outputicode, Figurg_s. frequency and has little temperature dependence.

7. Total Unadjusted Error is the true measure of accuracy the converter can 12, This is the time required for the output of the analog multiplexer to settle
provide less any quantizing effects. within + % LSB of the selected analog input signal.

13. A minimum duty cycle of 20% is required at the clock input.
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