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TYPICAL APPLICATIONS

12uW, S0-8 Package, 12-Bit ADC

Samples at 200Hz and Runs Off a 3V Supply
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LTC1285/L.1C1288

ABSOLUTE MAXIMUM RATINGS  (notes 1 and 2)

Supply Voltage (Vce) t0 GND ... 12V Power DiSSIPatioN ......ccccovvvvveeieiririeieeresesisienenes 500mw

Voltage Operating Temperature Range .................... 0°Cto 70°C
Analog and Reference ................ -0.3Vto Ve + 0.3V Storage Temperature Range ................. —-65°C to 150°C
Digital INPULS ..o -0.3Vto 12V Lead Temperature (Soldering, 10 SeC.)................ 300°C
Digital Output ........ccevreiricienn -0.3Vto Ve + 0.3V

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART TOP VIEW ORDER PART
L\
Veer [1] 8] Vee NUMBER Vrer [1] (8] vee NUMBER
+IN [2] [7] cik +IN [2] [ 7] cik
LTC1285CN LTC12
W 1 oot C1285CN8 W[ 51 oot C1285CS8
GND [4] 5] CS/SHDN GND [4] 5] CS/SHDN
PART MARKING
N8 PACKAGE S8 PACKAGE
8-LEAD PDIP 8-LEAD PLASTIC SO
Timax = 150°C, 834 = 130°C/W Timax = 150°C, 834 = 175°C/W 1285C
TOP VIEW ORDER PART TOP VIEW ORDER PART
CS/SHDN [ 1] ~ 8] Vec (Ver) NUMBER CS/SHDN [1] [8] Vec (Veer) NUMBER
cHo [ 2] [7] cLk cHo [2] [ 7] cik
cru [3] 51 bour LTC1288CN8 ot 5] ] oo LTC1288CS8
GND E El Din GND E El Din
PART MARKING
N8 PACKAGE S8 PACKAGE
8-LEAD PDIP 8-LEAD PLASTIC SO
Timax = 150°C, 834 = 130°C/W Timax = 150°C, 634 = 175°C/W 1288C
Consult factory for Industrial and Military grade parts.
SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX UNITS
Vee Supply Voltage (Note 3) LTC1285 2.7 6 \Y
LTC1288 2.7 6 \%
foLk Clock Frequency Ve =27V (Note 4) 120 kHz
teye Total Cycle Time LTC1285, fc « = 120kHz 125.0 s
LTC1288, fc k = 120kHz 1415 us
thol Hold Time, Dyy After CLKt Vee =27V 450 ns
tsuCs Setup Time CS! Before First CLKt (See Operating Sequence) LTC1285, Ve = 2.7V 2 s
LTC1288, Vo = 2.7V 2 s
tsub Setup Time, Dy Stable Before CLKt Veg=2.7V 600 ns
twHeLK CLK High Time Veg =27V 35 Us
twicLk CLK Low Time Veg=2.7V 35 Us
twHCS cs High Time Between Data Transfer Cycles Ve =27V 2 s
twLCs CS Low Time During Data Transfer LTC1285, fc « = 120kHz 123.0 s
LTC1288, fc k = 120kHz 1395 us
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LTC1285/LTC1288

CONVERTER AND MULTIPLEXER CHARACTERISTICS (otes)

LTC1285 LTC1288
PARAMETER CONDITIONS MIN  TYP  MAX MIN  TYP  MAX UNITS
Resolution (No Missing Codes) . 12 12 Bits
Integral Linearity Error (Note 6) . +3/4 12 +3/4 12 LSB
Differential Linearity Error . +1/4  +3/4 +1/4  +3/4 LSB
Offset Error . +3/4 +3 +3/4 3 LSB
Gain Error . +2 +8 +2 +8 LSB
Analog Input Range (Note 7 and 8) . -0.05V to Ve + 0.05V v
REF Input Range (LTC1285) 2.7V s6Y 1.5V to Ve + 0.05V v
(Notes 7, 8, and 9) Vv
Analog Input Leakage Current (Note 10) . +1 | +1 MA
DIGITAL AND DC ELECTRICAL CHARACTERISTICS ote5)

SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX UNITS
VIH High Level Input Voltage Ve =3.6V ° 2 \Y
ViL Low Level Input Voltage Veg =27V ° 0.8 \Y
(m High Level Input Current Vin = Vee . 25 HA
I Low Level Input Current ViN=0V . -25 HA
Vou High Level Output Voltage Vee = 2.7V, Ip = 10pA . 24 2.64 \%
Ve = 2.7V, g = 360pA o 2.1 2.30 v
VoL Low Level Output Voltage Viee = 2.7V, g = 400pA . 0.4 \Y
loz Hi-Z Output Leakage cS= High ° +3 HA
Isource Output Source Current Vout =0V -10 mA
Isink Output Sink Current Vout = Ve 15 mA
Rrer Reference Input Resistance (E =V 2700 MQ
(LTC1285) CS=V 54 kQ
Iner Reference Current (LTC1285) CS=Vcc . 0001 25 PA
toye = 640ps, fo k < 25kHz 50 HA
toye = 134s, fork = 120kHz . 50 70 HA
lec Supply Current cS= Vee ° 0.001 3.0 HA
LTC1285, tcyc = 640us, fork < 25kHz 150 HA
LTC1285, tcyc = 134ps, fo k = 120kHz . 160 320 HA
LTC1288, tcyc = 720us, fo k < 25kHz 200 HA
LTC1288, tcyc = 150ps, fork = 120kHz o 210 390 PA

DYNAMIC ACCURACY  tgyp, = 7.5kHz (LTC1285), fsyyp = 6.6kHz (LTC1288) (Note 5)
SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX UNITS
S/(N+D) | Signal-to-Noise Plus Distortion Ratio 1kHz Input Signal 67 dB
THD Total Harmonic Distortion (Up to 5th Harmonic) 1kHz Input Signal -80 dB
SFDR Spurious-Free Dynamic Range 1kHz Input Signal 88 dB
Peak Harmonic or Spurious Noise 1kHz Input Signal -88 dB
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LTC1285/L.1C1288

AC CHARACTERISTICS (notes)

SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX UNITS
tsmpL Analog Input Sample Time See Operating Sequence 15 CLK Cycles
fsmpL(maxy| Maximum Sampling Frequency LTC1285 7.5 kHz

LTC1288 6.6 kHz
tcony Conversion Time See Operating Sequence 12 CLK Cycles
tdpo Delay Time, CLK! to Doyt Data Valid See Test Circuits . 600 1500 ns
tdis Delay Time, CS* to Doy Hi-Z See Test Circuits ° 220 660 ns
ten Delay Time, CLK! to Doyt Enable See Test Circuits . 180 500 ns
thoo Time Output Data Remains Valid After CLK1 CLoap = 100pF 520 ns
te Doyt Fall Time See Test Circuits . 60 180 ns
tr Doyt Rise Time See Test Circuits . 80 180 ns
Cin Input Capacitance Analog Inputs, On Channel 20 pF

Analog Inputs, Off Channel 5 pF

Digital Input 5 pF

The e denotes specifications which apply over the full operating

temperature range.

Note 1: Absolute maximum ratings are those values beyond which the life

of a device may be impaired.
Note 2: All voltage values are with respect to GND.

Note 3: These devices are specified at 3V. For 5V specified devices, see

LTC1286 and LTC1298.

Note 4: Increased leakage currents at elevated temperatures cause the
sample-and-hold to droop, therefore it is recommended that fo = 75kHz

at 70° and fc = 1kHz at 25°C.

Note 5: Vioe = 2.7V, Vggr = 2.5V and CLK = 120kHz unless otherwise

specified.

Note 6: Linearity error is specified between the actual end points of the

A/D transfer curve.

Note 7: Two on-chip diodes are tied to each reference and analog input

which will conduct for reference or analog input voltages one diode drop

below GND or one diode drop above Vcc. This spec allows 50mV forward

bias of either diode for 2.7V < Vcc < 6V. This means that as long as the
reference or analog input does not exceed the supply voltage by more than

50mV the output code will be correct. To achieve an absolute 0V to 2.7V

input voltage range will therefore require a minimum supply voltage of

2.650V over initial tolerance, temperature variations and loading. For 2.7V
< Vce <6V, reference and analog input range cannot exceed 6.05V. If
reference and analog input range are greater than 6.05V, the output code

will not be guaranteed to be correct.

from 2.7V to 6V.

Note 8: The supply voltage range for the LTC1285 and the LTC1288 is

Note 9: Recommended operating conditions

Note 10: Channel leakage current is measured after the channel selection.

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current vs Sample Rate
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LTC1285/LTC1288

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1285/L.1C1288

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1285/LTC1288

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1285/L.1C1288

BLOCK DIAGRAM
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TEST CIRCUITS
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LTC1285/LTC1288
TEST CIRCUITS

Voltage Waveforms for tgg Voltage Waveforms for top,
LTC1285

Dour A 9
WAVEFORM 1 N %0% K L )
(SEE NOTE 1)
tdis —> -
o /

WAVEFORM
(SEE NOTE 2) - 10% Dour

NOTE 1: WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH

THAT THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL. -,

LTC1285/88 » TCO6

NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH
THAT THE OUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL.

LTC1285/88 « TCO5

Voltage Waveforms for tqa,

LTC1288

CLK 1 2 3 4

Dourt

LTC1285/88 « TCO7

6-32 ALY LINEAR



LTC1285/L.1C1288
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THE ADC WILL OUTPUT ZEROS INDEFINITELY.

tpaTa: DURING THIS TIME, THE BIAS CIRCUIT AND THE COMPARATOR POWER DOWN AND THE REFERENCE INPUT

BECOMES A HIGH IMPEDANCE NODE, LEAVING THE CLK RUNNING TO CLOCK OUT LSB-FIRST DATA OR ZEROES.
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Figure 1. LTC1285 Operating Sequence
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*AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH CS LOW,
THE ADC WILL OUTPUT ZEROS INDEFINITELY.

tpaTa: DURING THIS TIME, THE BIAS CIRCUIT AND THE COMPARATOR POWER DOWN AND THE REFERENCE INPUT
BECOMES A HIGH IMPEDANCE NODE, LEAVING THE CLK RUNNING TO CLOCK OUT LSB-FIRST DATA OR ZEROES.
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Figure 2. LTC1288 Operating Sequence Example: Differential Inputs (CH*, CH")
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Table 1. Microprocessor with Hardware Serial Interfaces
Compatible with the LTC1286/LTC1298

PART NUMBER TYPE OF INTERFACE
Motorola
MC6805S2,S3 SPI
MC68HC11 SPI
MC68HC05 SPI
RCA
CDP68HCO05 SPI
Hitachi
HD6305 SCI Synchronous
HD63705 SCI Synchronous
HD6301 SCI Synchronous
HD63701 SCI Synchronous
HD6303 SCI Synchronous
HD64180 Csl/o
National Semiconductor
COP400 Family MICROWIRE"
COP800 Family MICROWIRE/PLUS'
NS8050U MICROWIRE/PLUS'

HPC16000 Family

MICROWIRE/PLUS'

Texas Instruments

TMS7002
TMS7042
TMS70C02
TMS70C42
TMS32011*
TMS32020

Serial Port
Serial Port
Serial Port
Serial Port
Serial Port
Serial Port

Intel

8051

Bit Manipulation on Parallel Port

* Requires external hardware

" MICROWIRE and MICROWIRE/PLUS are trademarks of
National Semiconductor Corp.
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cs

CLK

Din

Dour

\

Timing Diagram for Interface to the MC68HC11

Juvvtuvit e Jurrirr e

SGL/

START\  Dirr

DON'T CARE

B11 \ B10

it o o Jofofofofof | [sf@es] x| x [ [ [x| [l lefn]x]x]x]r]
BYTE 1 BYTE 2 BYTE 3 (DUMMY)
RECE:\\A/ES ? ? ? ? ? ? ? ? ? ? ? 0 | B11 | B10 | B9 | B8 | | B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO |
R
BYTE 1 BYTE 2 BYTE 3 LTC1285/88 + TAGS
Hardware and Software Interface to the MC68HC11
Doyt FROM LTC1298 STORED IN MC68HC11 RAM
MSB
— CHO cs |« DO
#62 0 0 0 0 B11 | B10 B9 B8 BYTE 1
ANALOG LTC1288 CLK |« SCK
MC68HC11
LSB INPUTS Dout »| Miso
#63 B7 B6 B5 B4 B3 B2 B1 BO BYTE 2
— CH1 Din |« MOSI
LTC1285/88 « TAD4
LABEL | MNEMONIC | OPERAND | COMMENTS LABEL | MNEMONIC | OPERAND | COMMENTS
LDAA #$50 CONFIGURATION DATA FOR SPCR WAITL| BPL WAIT1 CHECK IF TRANSFER IS DONE
STAA $1028 LOAD DATA INTO SPCR ($1028) LDAA $51 LOAD DIN INTO ACC A FROM $51
LDAA #$1B CONFIG. DATA FOR PORT D DDR STAA $102A LOAD DIN INTO SPI, START SCK
STAA $1009 LOAD DATA INTO PORT D DDR WAIT2 | LDAA $1029 CHECK SPI STATUS REG
LDAA #$01 LOAD DIN WORD INTO ACC A BPL WAIT2 CHECK IF TRANSFER IS DONE
STAA $50 LOAD DIN DATA INTO $50 LDAA $102A LOAD LTC1288 MSBs INTO ACC A
LDAA #$A0 LOAD DIN WORD INTO ACC A STAA $62 STORE MSBs IN $62
STAA $51 LOAD DIN DATA INTO $51 LDAA $52 LOAD DUMMY INTO ACC A
LDAA #$00 LOAD DUMMY DIN WORD INTO FROM $52
ACCA STAA $102A LOAD DUMMY DIN INTO SP!I,
STAA $52 LOAD DUMMY DIN DATA INTO $52 START SCK
LDX #$1000 LOAD INDEX REGISTER X WITH WAIT3 | LDAA $1029 CHECK SPI STATUS REG
$1000 BPL WAIT3 CHECK IF TRANSFER IS DONE
LOOP | BCLR $08,X,#$01 | DO GOES LOW (CS GOES LOW) BSET $08,X#$01 | DO GOES HIGH (CS GOES HIGH)
LDAA $50 LOAD DIN INTO ACC A FROM $50 LDAA $102A LOAD LTC1288 LSBs IN ACC
STAA $102A LOAD DIN INTO SPI, START SCK STAA $63 STORE LSBs IN $63
LDAA $1029 CHECK SPI STATUS REG JMP LOOP START NEXT CONVERSION
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- CS P1.4
Ail’\\l‘,gb?g LTC1288 D((;I;Ji _ Eiz 8051
- Din —T MUX ADDRESS
m LTC1285/88 + TAOL
Doyt FROM 1288 STORED IN 8501 RAM
MSB R2
B11|B10B9 B8 B7 B6 B5 B4 | LSB
R3 B3
B2 [BL BO O 0 0 0 |
MSBF BIT LATCHED

INTO LTC1288
|

\

LABEL MNEMONIC OPERAND | COMMENTS
MOV A, #FFH Dy word for LTC1288
SETB P1.4 Make sure CS is high
CLR P1.4 CS goes low
MOV R4, #04 Load counter

LOOP1 | RLC A Rotate Dyy bit into Carry
CLR P1.3 SCLK goes low
MOV P1.2,C Output Dy bit to LTC1288
SETB P1.3 SCLK goes high
DINZ R4, LOOP 1 | Next bit
MOV P1, #04 Bit 2 becomes an input
CLR P1.3 SCLK goes low
MOV R4, #09 Load counter

LOOP2 | MOV C,P12 Read data bit into Carry
RLC A Rotate data bit into Acc.
SETB P1.3 SCLK goes high
CLR P1.3 SCLK goes low
DINZ R4, LOOP 2 | Next bit
MOV R2, A Store MSBs in R2
CLR A Clear Acc.
MOV R4, #04 Load counter

LOOP 3 | MOV C,P1.2 Read data bit into Carry
RLC A Rotate data bit into Acc.
SETB P1.3 SCLK goes high
CLR P1.3 SCLK goes low
DINZ R4, LOOP 3 | Next bit
MOV R4, #04 Load counter

LOOP 4 | RRC A Rotate right into Acc.
DINZ R4, LOOP 4 | Next Rotate
MOV R3, A Store LSBs in R3
SETB P1.4 CS goes high

CLK

U

JTUUUUuUyL

DATA

(Oin/Dour) B11

seu/
START \ DIFF/ ODD/ MSBF

B10

B9 B8

B7 B6 B5 B4

B3

B2 Bl BO

SIGN

A
8051 P1.2 OUTPUTS DATA
TO LTC1288

8051 P1.2 RECONFIGURED
AS IN INPUT AFTER THE 4TH RISING CLK ——>
AND BEFORE THE 4TH FALLING CLK

P

v
LTC1288 SENDS A/D RESULT
BACK TO 8051 P1.2

LTC1288 TAKES CONTROL OF DATA
LINE ON 4TH FALLING CLK

LTC1285/88 « TAO7

L] TECHNOLOGY
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Figure 13. “Quick Look™ Circuit for the LTC1285
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NULL  MSB LSB
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Figure 14. Scope Trace the LTC1285 “Quick Look™ Circuit
Showing A/D Output 101010101010 (AAAHEX)
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Figure 15. Micropower Battery Voltage Monitor

6-46

LYY



LTC1285/L.1C1288

RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS

LTC1096/LTC1098 | 8-Pin SOIC, Micropower 8-Bit ADC Low Power, Small Size, Low Cost
LTC1196/LTC1198 | 8-Pin SOIC, 1Msps 8-hit ADC Low Power, Small Size, Low Cost

LTC1282 3V High Speed Parallel 12-Bit ADC Complete, Vrer, CLK, Sample-and-Hold, 140ksps
LTC1289 Multiplexed 3V, 1A 12-Bit ADC 8-Channel, 12-Bit Serial 1/0

LTC1522 16-Pin SOIC, 3V Micropower 12-Bit ADC 4-Channel, 12-Bit Serial 1/0
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