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NIPPON PRECISION CIRCUITS INC.

SM6150P/S

Successive-approximation 8-bit A/D Converter

OVERVIEW

The SM6150P/S is a successive-approximation 8-bit
A/D converter, fabricated using the Molybdenum-
gate CMOS process. It’s low-voltage operation
makes it ideal for battery-powered portable
equipment.

The output comprises B-bit paralle] 3-state output
pins for easy interface with a microprocessor. Also, it
features an 8-channel analog multiplexer built-in.

It also features a power-save function which
automatically reduces the supply current and
reference voltage pin input current when no
conversion is taking place.

FEATURES

m Charge-redistribution method,
approximation A/D converter
8-bit resolution
19 ps conversion time (fck =2 MHz)
2.8 t0 5.5 V operating supply voltage range
Low current consumption
e <3 mA during conversion
- Standby current

- €100 pA (fcg =2 MHz)

- <10 pA (with no input clock)
m High precision
+ <£10.75 LSB non-linearity error
Easy interface with a microprocessor
8-channel analog multiplexer built-in
Molybdenum-gate CMOS process
28-pin plastic SOP and DIP

successive-

APPLICATIONS

m Data acquisition systems
w Measurement equipment

PINOUT

ek [0 VDD
stC [2] EOC
DBA4 [3] DB3
DB5 [4] DB2
DB6 [5] a DB1
DB7 [§] » 0 ] DBo
ovr [7] :15 N OE
vss [8] 0= VREF(+)
AINo [9] ES VREF(-)
AINT [[d 04 A0
AIN2 [T) Al
AIN3 I3 Az
AIN4 T3 AIN7
AINS [14 AING
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BLOCK DIAGRAM
CK STC
VREF(+) ] I
VREF(-
©) Timing controller ——————— M EOC
AINO r
AIN1
AIN2 o ‘
apacitor array, resistor
AIN3 ladder and decoder
AIN4
AIN5 Comparator
AING S . .
uccessive approximation
AIN7 register
Address Data latch and OE
decoder output buffer
A0 Al A2 DB0 DB2 DB4 DB6 OVF

DB1 DB3 DB5 DB7

PIN DESCRIPTION

Number Name Description
1 CK Conversion operation clock input
2 STC Conversion start signal. Conversion starts on a LOW-to-HIGH transition.
3 DB4 3-state output bit 4
4 DBS 3-state output bit 5
5 DB6 3-state output bit 6
6 DB7 3-state output bit 7 (MSB)
7 OVF Overfiow indicator output pin. Overfiow when HIGH.
8 V8§ Ground
9 AINO Analog input channel 0
10 AIN1 Analog input channel 1
1 AINZ Analog input channel 2
12 AIN3 Analog input channel 3
13 AIN4 Analog input channel 4
14 AINS Analog input channel 5
15 AINB Analog input channel 6
16 AINT Analog input channel 7
17 A2
18 Al Analog input channel input select pins. Pull-down resistors built-in.
19 AO
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Number Name Description
20 VREF(-) Reference voltage input pin ()
21 VREF(+) Reference voftage input pin (+)
2 OE .| Data output enable signal. DBO to DB7 are output when HIGH, and high-impedance when LOW.
23 DBO Three-state output bit 0 (LSB)
24 DB1 Three-state output bit 1
25 DB2 Three-state output bit 2
26 DB3 Three-state output bit 3
27 EOC End-of-conversion signal. LOW when STC goes HIGH. Returns HIGH when conversion ends.
28 vDbD Supply voltage
SPECIFICATIONS

Absolute Maximum Ratings

Vgs=0V

Parameter Symbol Rating Unit
Supply voltage range Vop —0.3107.0 v
Input voltage range Vin -03t0Vpp+0.3 v
Output voltage range Vour -03toVpp+0.3 v
Storage temperature range Tstg —40t0 125 °C
Power dissipation Po 250 mwW
Soldering temperature . Tsld 255 °C
Soldering time Lk 10 s

Recommended Operating Conditions

VSS = O V
Rating
Parameter Symbol Condition Unit
min typ max
Supply voltage Voo 28 - 55 v
VREF(+)-to-VREF{-) voltage VRer 20 - Voo v
Clock frequency fox 0.01 - 20 MHz
Operating temperature Toor -20 - 70 °c
DC Electrical Characteristics
Vpp =2.810 5.5V, T, =—20 to 70 °C unless otherwise noted
Rating
Parameter Symbol Condition Unit
min typ max
CK, STC, OE and AD to A2
HIGH-ievel input voltage Vin 0.7Vop - - v
CK, STC, OE and AQ to A2
LOW-level input voltage Vi . . 0.3Vop v
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Rating
Parameter Symbol Condition Unit
min typ max
CK, STC and OE HIGH-level input |
current H1 - - ! MA
. V=V,
IH=VDD
AQ to A2 HIGH-leve! input current ™ [ - 80 - pA
CK, STC, OE and A0 to A2 B
LOW-level input current he ViL=Vss - - - WA
DBO0 to DB7, OVF and EOC B
HIGH-level output voltage Vo | lsource =08mA Vop—04 - - v
DBO to DB7, OVF and EOC o
LOW-level output voltage Vo | lsnk=08mA - - 04 v
DBO to DB high-impedance leakage | | Vour =Vop - - 3 bA
current leak
Vour =Vss -3 - - A
. Van=Vop - - 3 MA
AINO to AIN7 analog input current lan
Vain=Vss -3 - - pA
Vpp =55V - 1.5 3.0 mA
Operating current consumption Ipo fox =2 MHz
Vpp=2.8V - 0.3 - mA
IDSI !CK =2MHz - 1 100 }JA
Standby current
IDS2 VCK =VSS or VDD - 1 10 IJA
VREF(+)-10-VREF(-) reference e Conversion operation - 16 - Q
resistance in standby mode 10 - - MQ
AC Electrical Characteristics
Vpp =2.8105.5V, T, =20 to 70 °C unless otherwise noted
Rating
Parameter! Symbol Condition Unit
min typ max
Output rise time? trim CL=20pF - - 100 ns
Output fall time? tuL CL=20pF - - 100 ns
3-state output enable time tpz: Pz C =20pF R =10kQ - - 200 ns
3-state output disable time* tonz, tprz CL=20pF, R, =10kQ - - 200 ns
STC pulsewidth twste 150 - - ns
STC to EOC propagation delay tse C =20pF - - 150 ns
Data to EOC propagation delay e C =20pF 0 1 - clock cycle

1. All times are measured from when the input control signal output level reaches the 50% point.
2. Rise and fall times are measured between the output level 10% and 90% points.

3. Measured with the following load circuit, when the data output has been 50% converted.

4. Measured with the following load circuit, when the data output has been 10% converted.

tpuzs tpzn load circuit tpLz, tpz( load circuit
VDD

RL
DBO - DB7 DBO - DB7

RL ;LCL

CL

3+
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ACTiming
twsrc
STC 7 50%, 50%
EOC 50% 50%
—>|
tse toe
OE 7150% B‘K 50%
90%
DBO - DB7 50% 50%
10%
—
trzn trz
tezr thz

Conversion Characteristics
Vpp = 2.8 t0 5.5 V, VREF(+) = Vpp, VREF(-) = Vgg, T, = —20 to 70 °C unless otherwise noted

Rating
Parameter Condition Unit
min typ max
Resolution - - "8 bits
Non-inearity error - - +0.75 LSB
Diferential non-linearity error - - +0.75 LSB
Ofiset error! - - 10.75 LSB
Fuli-scale error' - - 075 LSB
fek = 2 MHz - 19 - Hs
Conversion time
375 - 38.5 clock cycles

1. The offset error and full-scale eror represent the eror from the ideal transition points of 0.5 LSB and 254.5 LSB, respectively.
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FUNCTIONAL DESCRIPTION

Conversion Operation

When STC goes HIGH, EOC goes LOW and
conversion starts. After th{a'-conversion time T¢ has
elapsed, EOC goes HIGH to indicate the end-of-
conversion. The data on the output data bus is
replaced with the new data a time tpg before EOC
goes HIGH. The data bus becomes high impedance
when OE goes LOW.

STC

OE 7

Power-save Function

The device automatically enters power-save mode
when there is no conversion operation. At this point,
the circuit between the reference voltage inputs
VREF(+) and VREF(-) becomes high resistance. In
power-save mode, the standby supply current
reduces to < 100 pA when the conversion clock
frequency is 2 MHz and to < 10 pA when the clock
is stopped.

Internal Initialization

When power is first applied, a minimum of 40
conversion clock cycles are required to initialize the
internal IC states. The device enters power-save
mode when initialization ends.

8-channel Analog Multiplexer Switching

The input channel is selected on the rising edge of
STC by the analog input channel select signals A0,
Al and A2.

Input channel select truth table

A2 Al AD Channel
0 0 0 AINO
0 0 1 AIN1
0 1 0 AIN2
0 1 1 AIN3
1 0 0 AIN4
1 0 1 AINS
1 1 0 AING
1 1 1 AIN7
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