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FEATURES DESCRIPTION

= 12-Bit Resolution The LTC®1594L is a 4-channel, 3V micropower, 12-bit
= Auto Shutdown to 1nA sampling A/D converter. It typically draws only 160pA
= Low Supply Current: 160pA of supply current when converting and automatically
» Guaranteed +3/4LSB Max DNL powers down to a typical supply current of 1nA between
= Single Supply 3V Operation conversions. The LTG1594L is available in a 16-pin SO
= 4-Channel Multiplexer narrow package and operates on a 3V supply. The 12-bit,
= Separate MUX Output and ADC Input Pins switched-capacitor, successive approximation ADC in-
= MUX and ADC May Be Controlled Separately cludes a 4-channel MUX and a sample-and-hold.

= Sampling Rate: 10.5ksps On-chip serial ports allow efficient data transfer to a wide

; ; ™
- /0 Compatible with SPI, MICROWIRE™, etc. range of microprocessors and microcontrollers overthree

16-Pin SO Package wires. This, coupled with micropower consumption, makes
remote location possible and facilitates transmitting data
APPLICATIONS through isolation barriers.

= Pen Screen Digitizing The circuit can be used in ratiometric applications or with
= Battery-Operated Systems an external reference. The high impedance analog inputs
= Remote Data Acquisition and the ability to operate with reduced spans (to 1.5V full
= Isolated Data Acquisition scale) allow direct connection to sensors and transducers
= Battery Monitoring in many applications, eliminating the need for gain stages.

Temperature Measurement

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
MICROWIRE is a trademark of National Semiconductor Corporation.
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Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ’ LI”EAQ However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
TECHNOLOGY tation thatthe interconnection of its circuits as described herein will notinfringe on existing patent rights.



LTC1594L

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

(Notes 1, 2)
Supply Voltage (Vgg) 10 GND e 12v Top vew el
Voltage cHo [1] 16] Vee

Analog Reference ................ ~0.3V to (Vgg + 0.3V) ol o LTC1594L0S

Analog INputs .....coovevvrererene -0.3Vto (Vgg + 0.3V) cvs [] 3] 65 Mux LTC1594LIS

Digital INPULS ... -0.3Vto 12V ADC IN [5] 2] oL

Digital OULPUL ..vvvvveeeeeeereer ~0.3V to (Vg +0.3V) Ve [€] 1] veo
Power DisSipation.........cccoceeeveeceeececeeee 500mwW com [7] [10] Dour
Operating Temperature Range an [8] 9] 65 A0

LTCIBIALES oo 0°C t0 70°C g SR

LTC1994LIS ..o -40°C to0 85°C . )
Storage Temperature Range.................. -65°C to 150°C T = 125°C, Oun = T20°C/W
Lead Temperature (Soldering, 10 Sec).................. 300°C  Consult factory for Military grade parts.
RrecommenneD OPERATING CONDITIONS
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX UNITS
Vee Supply Voltage (Note 3) 2.7 3.6 v
fok Clock Frequency Voo =27V (Note 4) 200 kHz
tove Total Cycle Time foLk = 200kHz 95 pS
thol Hold Time, Dy After CLK1 Vo =2.7V 450 ns
tsuCs Setup Time CS. Before First CLK1 (See Operating Sequence) | Vg = 2.7V 2 s
tsubl Setup Time, Dy Stable Before CLKt Vg =2.7V 600 ns
tWHGCLK CLK High Time Vg =2.7V 1.5 1]
twLeLk CLK Low Time Voo =2.7V 15 s
twHcs CS High Time Between Data Transfer Cycles foLk = 200kHz 25 s
twiLes CS Low Time During Data Transfer foLk = 200kHz 70 s
CONVERTER AND MULTIPLEXER CHARACTERISTICS (Note 5)

LTC1594LCS LTC1594LIS
PARAMETER CONDITIONS MIN TYP MAX MIN TYP  MAX UNITS
Resolution (No Missing Codes) o 12 12 Bits
Integral Linearity Error (Note 6) . +3 +3 LSB
Differential Linearity Error . +3/4 +1 LSB
Offset Error o +3 +3 LSB
Gain Error o +8 +8 LSB
REF Input Range (Notes 7, 8) 1.5V to Vo + 0.05V \
Analog Input Range (Notes 7, 8) -0.05V to Vg + 0.05V \
Analog Input Leakage Current (Note 9) . + +1 pA
DYNAMIC ACCURACY  (Note 5) fswp. = 10.5kHz
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX UNITS
S/(N +D) | Signal-to-Noise Plus Distortion Ratio 1kHz Input Signal 68 dB
THD Total Harmonic Distortion (Up to 5th Harmonic) 1kHz Input Signal -78 aB
SFDR Spurious-Free Dynamic Range 1kHz Input Signal 80 aB
Peak Harmonic or Spurious Noise 1kHz Input Signal -80 aB
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LTC1594L

DIGITAL AND DC ELECTRICAL CHARACTERISTICS  (Note5)

SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX UNITS
ViH High Level Input Voltage Voo = 3.6V 2.0 V
ViL Low Level Input Voltage Vg =27V 0.8 v
IIH High Level Input Current Vin=Vee 2.5 PA
I Low Level Input Current Vin=0V -25 pA
Vou High Level Output Voltage Voo =2.7V, lg = 10pA 2.40 2.64 v
Vg =2.7V, I = 360pA 210 2.30 Vv
VoL Low Level Output Voltage Vg = 2.7V, 1g = 400pA 0.4 Vv
loz Hi-Z Output Leakage CS = High +3 pA
ISOURCE Output Source Current Vour = 0V -10 mA
Isink Output Sink Current Vout = Ve 15 mA
Rrer Reference Input Resistance C__S =V 2700 MQ
CS=Vy 60 kQ
IRgF Reference Current CS =V 0001 25 pA
toye = 760ps, foLk < 25kHz 50 pA
tove 2 95, foLk < 200kHz 50 70 pA
lee Supply Current CS= Vee, CLK = Vg, Din = Ve 0.001 13 PA
toye = 760ps, foLk < 25kHz 160 PA
tove = 995, foLk < 200kHz 160 320 pA

AC CHARACTERISTICS (Note5)
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX UNITS
tsmpL Analog Input Sample Time See Operating Sequence 1 15 CLK Cycles
fsmpL(wax) | Maximum Sampling Frequency See Operating Sequence 1 10.5 kHz
toonv Conversion Time See Operating Sequence 1 12 CLK Cycles
tano Delay Time, CLK1 to Dyt Data Valid See Test Circuits 600 1500 ns
tgis Delay Time, CSt to Doyt Hi-Z See Test Circuits 220 600 ns
ten Delay Time, CLK1 to Doyt Enabled See Test Circuits 180 500 ns
thoo Time Output Data Remains Valid After CLK1 Croap = 100pF 520 ns
t Doyt Fall Time See Test Circuits 60 180 ns
tr Dou Rise Time See Test Circuits 80 180 ns
ton Enable Turn-On Time See Operating Sequence 1 540 1200 ns
torF Enable Turn-Off Time See Operating Sequence 2 190 500 ns
topEN Break-Before-Make Interval 125 350 ns
Cin Input Capacitance Analog Inputs On-Channel 20 pF
Off-Channel 5 pF
Digital Input 5 pF

The o 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: This device is specified at 2.7V. Consult factory for 5V

specified devices.

Note 4: Increased leakage currents at elevated temperatures cause the S/H
to droop, therefore it is recommended that fg k = 200kHz at 85°C,

foLk = 120kHz at 70°C and fg ¢ = 1kHz at 25°C.

Note 5: Vg = 2.7V, Ve = 2.5V and CLK = 200kHz 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 V. This spec allows 50mV forward
bias of either diode for 2.7V < Vg < 3.6V. 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 3V
input voltage range will therefore require a minimum supply voltage of
2.950V over initial tolerance, temperature variations and loading.

Note 8: Recommended operating condition.

Note 9: Channel leakage current is measured after the channel selection.

LY N
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LTC1594L

PIN FUNCTIONS

CHO (Pin 1): Analog Multiplexer Input.
CH1 (Pin 2): Analog Multiplexer Input.
CH2 (Pin 3): Analog Multiplexer Input.
CH3 (Pin 4): Analog Multiplexer Input.

ADCIN (Pin5): ADC Input. Thisinputis the positive analog
input to the ADC. Connect this pin to MUX OUT for normal
operation.

VRer (Pin 6): Reference Input. The reference input defines
the span of the ADC.

COM (Pin 7): Negative Analog Input. This input is the
negative analog input to the ADC and must be free of noise
with respect to GND.

GND (Pin 8): Analog Ground. GND should be tied directly
to an analog ground plane.

CS ADC (Pin9): ADC Chip Select Input. Alogic high on this
input deselects and powers down the ADC and three-
states Doyr. A logic low on this input enables the ADC to
sample the selected channel and start the conversion. For
normal operation drive this pin in parallel with CS MUX.

Doyt (Pin 10): Digital Data Output. The A/D conversion
result is shifted out of this output.

Ve (Pin 11): Power Supply Voltage. This pin provides
power to the ADC. It must be bypassed directly to the
analog ground plane.

CLK (Pin 12): Shift Clock. This clock synchronizes the
serial data transfer to both MUX and ADC.

CS MUX (Pin 13): MUX Chip Select Input. A logic high on
this input allows the MUX to receive a channel address. A
logic low enables the selected MUX channel and connects
it to the MUX OUT pin for A/D conversion. For normal
operation, drive this pin in parallel with CS ADC.

Diy (Pin 14): Digital Data Input. The multiplexer address
is shifted into this input.

MUX OUT (Pin 15): MUX Output. This pin is the output of
the multiplexer. Tie to ADC IN for normal operation.

Ve (Pin 16): Power Supply Voltage. This pin should be
tied to Pin 11.

TEST CIRCUITS

Load Circuit for tgpg, t; and t;

k
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LTC1594L

TEST CIRCUITS
Load Circuit for ty;s and tg, Voltage Waveforms for tg;s
TEST POINT C5 MUX =G5 ADC - 85 Vit
» Vg tais WAVEFORM 2, tey WAVEFORM

Dout

tgis WAVEFORM 1
T 100pF | dis

- 15941 TC04

JY 90%

tdis —>| -

(SEE NOTE 1)

Doyt
WAVEFORM 2 100
(SEE NOTE 2) 1 o

NOTE 1: WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH
THAT THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL.

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

1594L TCO5

APPLICATIONS INFORMATION
INPUT DATA WORD

The LTC1594L uses its Chip Select pins and Dy to select
one of its four channels as shown in the operating se-
quence figures and Table 1. For this discussion we will
assume that CS MUX and CS ADC are tied togther and will
refer to them as simply CS.

When CS is high, the input data on the Dyy pin is latched
into the 4-bit shift register on the rising edge of the clock.
The input data word consists of an “EN” bit and a string of
three bits for channel selection. If the “EN” bit is logic high
as illustrated in Operating Sequence 1, it enables the
selected channel. To ensure correct operation, the CS
must be pulled low before the next rising edge of the clock.
More than four input bits can be sent to the ADC without
problems. The channel will be determined by the last four
bits clocked in before CS falls.

Once the CS is pulled low, all channels are simulta-
neously switched off to ensure a break-before-make
interval. After a delay of tgy, the selected channel is
switched on allowing signal transmission. The selected
channel remains on until the next falling edge of CS; and
after a delay of tor, it turns off and subsequently allows
the selection of the next channel. If the “EN” bit is logic
low, as illustrated in Operating Sequence 2, it disables all
channels. Table 1 shows the various bit combinations for
channel selection.

Table 1. Logic Table for Channel Selection

Channel Status EN D2 D1 DO

All Off 0 X X X
CHO 1 0 0 0
CH1 1 0 0 1
CH2 1 0 1 0
CH3 1 0 1 1

ANALOG CONSIDERATIONS

Grounding

The LTC1594L should be used with an analog ground
plane and single-point grounding techniques. Do not use
wire-wrapping techniques to breadboard and evaluate the
device. Toachieve the optimum performance use a printed
circuit board. The Ground pin (Pin 8) should be tied
directly to the ground plane with minimum lead length.

Bypassing

For good performance, the LTC1594L V¢ and VRgg pins
must be free of noise and ripple. Any changes in the
Voe/ VRer voltage with respect to ground during the con-
versioncycle caninduce errors or noise inthe output code.
Bypass the Vge/VRer pin directly to the analog ground
plane with a minimum of a 0.1pF capacitor and leads as
short as possible.
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LTC1594L

APPLICATIONS INFORMATION

Analog Inputs

Because of the capacitive redistribution A/D conversion
techniques used, the analog inputs of the LTC1594L have
capacitive switching input current spikes. These current

spikes settle quickly and do not cause a problem. But if
large source resistances are used or if slow settling op
amps drive the inputs, take care to ensure the transients
caused by the current spikes settle completely before the

conversion begins.

Operating Sequence 1
Example: (CH2, GND)

CS MUX = CS ADC = CS

EN D1

[

—

tcve i

j<tsucs

U Z N7

DON'T CARE

HI-Z

DO

NULL

BIT HI-Z

D2
Dourt —|_|

CHOTO
CH3

B11|B10| B9 | B8 | B7 | B6 | B5 | B4 ] B3| B2 | B1 | BO

tsmpL ‘
tcony |

JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAR

— (=—toN
ADC IN =
MUX OUT
COM = GND
1594L TDO1
Operating Sequence 2
Example: (ALL Channels Off)
tcve i
TS MUX = G5 ADC = S ' | | |
— ‘«tsucfs
EN D1
om 70 [ LT DON'T CARE ZIREZ
D2 DO
NULL
Dour Hi2 7 DUMMY CONVERSION —1=1
tconv J‘
CH3
»‘FtOFF
MUX OUT
COM = GND

1594L TD02
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LTC1594L

TYPICAL APPLICATIONS

Microprocessor Interfaces

The LTC1594L can interface directly (without external
hardware) to most popular microprocessors’ (MPU) syn-
chronous serial formats (see Table 2). If an MPU without
a dedicated serial port is used, then three of the MPU’s
parallel port lines can be programmed to form the serial
link to the LTC1594L. Included here is one serial interface
example.

Table 2. Microprocessor with Hardware Serial Interfaces
Compatible with the LTC1594L**

Motorola SPI (MC68HCO05)

The MC68HCO5 has been chosen asan example ofan MPU
witha dedicated serial port. This MPU transfers data MSB-
firstand in 8-bitincrements. The Dy word sent to the data
register starts the SPI process. With three 8-bit transfers
the A/D result is read into the MPU. The second 8-bit
transfer clocks B11 through B7 of the A/D conversion
result into the processor. The third 8-bit transfer clocks
the remaining bits B6 through B0 into the MPU. ANDing
the second byte with 1Fyx clears the three most signifi-
cant bits and ANDing the third byte with FEqgy clears the
least significant bit.

PART NUMBER TYPE OF INTERFACE
Motorola
MC6805S2, S3 SPI
MC68HC11 SPI
MC68HC05 SPI
RCA
CDP68HC05 SPI
Hitachi
HD6305 SCI Synchronous
HD6301 SCI Synchronous
HD63701 SCI Synchronous
HD6303 SCI Synchronous
HD64180 SCI Synchronous

National Semiconductor

COP400 Family MICROWIRE
COP800 Family MICROWIRE/PLUS™
NS8050U MICROWIRE/PLUS

HPC16000 Family MICROWIRE/PLUS

Texas Instruments

TMS7002 Serial Port
TMS7042 Serial Port
TMS70C02 Serial Port
TMS70C42 Serial Port
TMS32011* Serial Port
TMS32020* Serial Port
TMS370C050 SPI

* Requires external hardware.
** Contact factory for interface information for processors not on this list.
MICROWIRE/PLUS is a trademark of National Semiconductor Corp.

MC68HC05 CODE

LDA #8$52 Configuration data for serial peripheral

control register (Interrupts disabled, output

enabled, master, Norm = 0, Ph = 0, Clk/16)
STA $0A  Load configuration data into location $0A (SPCR)
LDA #$FF  Configuration data for I/O ports

(all bits are set as outputs)
STA $04  Load configuration data into Port A DDR ($04)
STA $05  Load configuration data into Port B DDR ($05)
STA $06  Load configuration data into Port C DDR ($06)
LDA #808  Put Dy word for LTC1594L into Accumulator

(CHO with respect to GND)
STA $50  Load Dyy word into memory location $50

START BSET 0,$02 Bit 0 Port C ($02) goes high (CS goes high)

LDA $50  Load Dy word at $50 into Accumulator
STA $0C  Load Dy word into SPI data register ($0C) and

start clocking data
LOOP1 TST $0B  Test status of SPIF bit in SPI status register ($0B)

BPL LOOP1 Loop if not done with transfer to previous
instruction

BCLR0,$02 Bit 0 Port C ($02) goes low (CS goes low)
LDA $0C  Load contents of SPI data register into Accumulator
STA $0C  Start next SPI cycle

LOOP2 TST $0B  Test status of SPIF
BPL LOOP2 Loop if not done

LDA $0C  Load contents of SPI data register into Accumulator
STA $0C  Start next SPI cycle
AND #8§IF  Clear 3 MSBs of first Doy word
STA $00  Load Port A ($00) with MSBs
LOOP3 TST $0B  Test status of SPIF

BPL LOOP3 Loop if not done

LDA $0C  Load contents of SPI data register into Accumulator
AND #$FE  Clear LSB of second Doyt word
STA $01  Load Port B ($01) with LSBs

JMP START Go back to start and repeat program
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LTC1594L
TYPICAL APPLICATIONS

Data Exchange Between LTC1594L and MC68HC05

Din en X 02 X 01 X00) DON'T CARE

Dout ] |B11|B10|BQ|B8|B7| B6 |BS|B4|BS|BZ|B1|BO|B1|BZ
MPU
e (oo oo ool ]o] XX x5 [x] x5 [ [x]~]
WORD
BYTE 1 BYTE 2 BYTE 3

i ? ? ? ? ? ? ? ? ? ?
ey T [ 717 7 17] [F17 e onfoo]s o] [o]w]e]e]w]s]o]s]
WORD BYTE 1 BYTE 2 BYTE 3

1594L TAO3

Hardware and Software Interface to Motorola MC68HC05

Doyt FROM LTC1594L STORED IN MC68HC05 RAM

MSB
#0 [ 0| o o |B11|B10| B9 | B8 | B7 | BYTET ] CEMUX j_T €0
— CS ADC MC68HC05
- ANALOG LTC1594L CLK |« SCK
\ ] Dy |« MOSI
#01 | B6 | B5 | B4 | B3| B2 | BI | BO | 0 | BYTE2
—_— Dout »| MISO
PART NUMBER DESCRIPTION COMMENTS
LTC1096/LTC1098 8-Pin SO, Micropower 8-Bit ADC Low Power, Small Size, Low Cost
LTC1096L/LTC1098L 8-Pin SO, 2.65V Micropower 8-Bit ADC Low Power, Small Size, Low Cost
LTC1196/LTC1198 8-Pin SO, 1Msps 8-Bit ADC Low Power, Small Size, Low Cost
LTC1282 3V High Speed Parallel 12-Bit ADC 140ksps, Complete with Vggr, CLK, Sample-and-Hold
LTC1285/LTC1288 8-Pin S0, 3V Micropower 12-Bit ADC 12-Bit ADC in SO-8
LTC1289 Mutiplexed 3V, 12-Bit ADC 8-Channel 12-Bit Serial 1/0
Linear Technology Corporation e | INE A
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