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LTC1091/LTC1092
LTC1093/LTC1094

TECHNOLOGY 1. 2. 6- and 8-Channel, 10-Bit

Serial I/0O Data Acquisition Systems

FEATURES

= Programmable Features

— Unipolar/Bipolar Conversions

— Differential/Single-Ended Multiplexer
Configurations

Sample-and-Holds

Single Supply 5V, 10V or £5V Operation

Direct 3- or 4-Wire Interface to Most MPU Serial

Ports and All MPU Parallel 1/0 Ports

Analog Inputs Common Mode to Supply Rails

Resolution: 10 Bits

Total Unadjusted Error (A Grade): +1LSB Over Temp

Fast Conversion Time: 20us

Low Supply Current
LTC1091: 3.5mA Max, 1.5mA Typ
LTC1092/LTC1093/LTC1094: 2.5mA Max, 1mA Typ

DESCRIPTION

The LTC®1091/LTC1092/LTC1093/LTC1094 10-hit data
acquisition systems are designed to provide complete
function, excellent accuracy and ease of use when digitiz-
ing analog data from a wide variety of signal sources and
transducers. Built around a 10-bit, switched capacitor,
successive approximation A/D core, these devices include
software configurable analog multiplexers and bipolar and
unipolar conversion modes as well as on-chip sample-

and-holds. On-chip serial ports allow efficient data trans-
fer to a wide range of microprocessors and microcontrol-
lers. These circuits can provide a complete data acquisi-
tion system in ratiometric applications or can be used with
an external reference in others.

The high impedance analog inputs and the ability to
operate with reduced spans (below 1V full scale) allow
direct connection to sensors and transducers in many
applications, eliminating the need for gain stages.

An efficient serial port communicates without external
hardware to most MPU serial ports and all MPU parallel
I/0 ports allowing eight channels of data to be transmitted
over as few as three wires. This, coupled with low power
consumption, makes remote location possible and facili-
tates transmitting data through isolation barriers.

Temperature drift of offset, linearity and full-scale error
are all extremely low (1ppm/°C typically) allowing all
grades to be specified with offset and linearity errors of
+0.5LSB maximum over temperature. In addition, the A
grade devices are specified with full-scale error and total
unadjusted error (including the effects of offset, linearity
and full-scale errors) of £1LSB maximum over tempera-
ture. The lower grade has a full-scale specification of
+2LSB for applications where full scale is adjustable or
less critical.

LT, LTC and LT are registered trademarks of Linear Technology Corporation.
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LTC1091/LTC1092

LTC1093/LTC1094
ABSOLUTE MAXIMUM RATINGS  (Notes 1, 2)
Supply Voltage (Vo) to GND or V=i, 12V Power DiSSIpation .........ccccccevrveervseresiernsieennans 500mwW
Negative Supply Voltage (V7) .cccoovvvvvnnne. -6V to GND  Operating Temperature Range
Voltage o LTC1091/2/3/4AC, LTC1091/2/3/4C..... —40°C to 85°C
Analog Reference and LTC1091/2 CS Storage Temperature Range................. —-65°C to 150°C
INPULS .o (V7)-0.3Vto (Vec+0.3V)  Lead Temperature (Soldering, 10 SeC.).......ccc...... 300°C
Digital Inputs (except LTC1091/2 CS) .. —0.3V to 12V
Digital OULPULS ......cervrvenenne. -0.3Vto (Ve + 0.3V)
PACKAGE/ORDER INFORMATION
TOP VIEW ORDER PART TOP VIEW ORDER PART
sl 7 [E] vee v NUMBER sl = 5w NUMBER
co [2] ] ok LTC1091ACNS “n [2] [7] ok LTC1092ACNS
o [ £ Dour LTC1091CN8 - 3] €] Dour LTC1092CN8
GND [4] [5] biy GND [4] 5] Vrer
N8 PACKAGE N8 PACKAGE
8-LEAD PDIP 8-LEAD PDIP
Tamax = 110°C, 634 = 150°C/W (N) Tomax = 110°C, 834 = 150°C/W (N)
TOP VIEW TOP VIEW
wo ] I vee LTC1093ACN oo [d] = [ ovee LTC1094ACN
ot 2] 5] ok LTC1093CN ont [2] o] Avec LTC1094CN
CH2 E E s LTC1093CSW CH2 E E CLK
CH3 E El Dout CH3 E E cs
cH4 [5] 12] Dy CHa [5] 16] Dour
CH5 E E VREF et [6] 15] Dy
com [7] 10] AGND cHe 7] 14] ReF*
DGND [8] (9] v~ cH7 [8] [13] REF™
com [9] [12] AGND
N PACKAGE SW PACKAGE
16-LEAD PDIP  16-LEAD PLASTIC SO WIDE DGND [10] [11] v-
N PACKAGE
Tomax = 110°C, 634 = 150°C/W (N) 20-LEAD PDIP
TJMAX =110°C, QJA =130°C/W (SW)
Tmax = 110°C, 834 = 150°C/W (N)

Consult factory for Industrial and Military grade parts.

PRODUCT GUIDE

CONVERSION MODES RE&;&?&%‘ N +5y
PART NUMBER #CHANNELS UNIPOLAR BIPOLAR (SEPARATE VRger) CAPABILITY
LTC1091 2 ° Pin-for-Pin 10-Bit Upgrade of ADC0832
LTC1092 1 ° ° Pin-for-Pin 10-Bit Upgrade of ADC0831
LTC1093 6 o . ° o
LTC1094 8 o . ° o
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LTC1091/LTC1092
LTC1093/LTC1094

RECOMMENDED OPERATING CONDITIONS

LTC1091A/LTC1092A/LTC1093A/LTC1094A
LTC1091/LTC1092/LTC1093/LTC1094
SYMBOL | PARAMETER CONDITIONS MIN MAX UNITS
Vee Supply Voltage 4.5 10 \Y
V- Negative Supply Voltage LTC1093/LTC1094, Vcc =5V -55 0 \Y
foLk Clock Frequency Vee =5V 0.01 0.5 MHz
tcye Total Cycle Time LTC1091 15 CLK Cycles
+2us
LTC1092 12 CLK Cycles
+2us
LTC1093/LTC1094 18 CLK Cycles
+2us
tho! Hold Time, Diy Alter SCLK1 Vee =5V 150 ns
tsucs Setup Time CS! Before CLKt Vee =5V 1 s
tsubl Setup Time Din Stable Before CLK1 Ve =5V 400 ns
tWHCLK CLK High Time Vee =5V 0.8 s
twictk | CLK Low Time Vee = 5V 1 s
twHCS cs High Time Between Data Transfer Cycles | Vcc = 5V 2 s
twics CS Low Time During Data Transfer LTC1091 15 CLK Cycles
LTC1092 12 CLK Cycles
LTC1093/LTC1094 18 CLK Cycles

CONVERTER AND MULTIPLEXER CHARACTERISTICS

The o denotes specifications which apply over the full operating temperature range, otherwise specifications are T = 25°C. (Note 3)

LTC1091A/LTC1092A LTC1091/LTC1092
LTC1093A/LTC1094A LTC1093/LTC1094
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Offset Error (Note 4) +0.5 +0.5 LSB
Linearity Error (Notes 4, 5) +0.5 +0.5 LSB
Full-Scale Error (Note 4) +1.0 +2.0 LSB
Total Unadjusted Error VRer = 5.000V (Notes 4, 6) +1.0 LSB
Reference Input Resistance LTC1092/LTC1093/LTC1094 5 10 5 10 kQ
VReF =5V
Analog and REF Input Range (Note 7) (V~) -0.05V to Vcc + 0.05V \Y
On-Channel Leakage Current On-Channel = 5V 1 1 HA
(Note 8) Off-Channel = 0V
On-Channel = OV -1 -1 HA
Off-Channel = 5V
Off-Channel Leakage Current On-Channel = 5V -1 -1 HA
(Note 8) Off-Channel = 0V
On-Channel = OV 1 1 HA
Off-Channel = 5V




LTC1091/LTC1092
LTC1093/LTC1094

AC CHARACTERISTICS

The « denotes specifications which apply over the full operating temperature range, otherwise specifications are T = 25°C. (Note 3)

LTC1091A/LTC1092A/LTC1093A/LTC1094A
LTC1091/LTC1092/LTC1093/LTC1094

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
tsmpL Analog Input Sample Time See Operating Sequence 15 CLK Cycles
tcony Conversion Time See Operating Sequence 10 CLK Cycles
tdpo Delay Time, CLK! to Doyt Data Valid See Test Circuits 400 850 ns
tdis Delay Time, CS1 to Dour Hi-Z See Test Circuits 180 450 ns
ten Delay Time, CLK! to Dour Enabled See Test Circuits 160 450 ns
thoo Time Output Data Remains Valid After SCLK 1 150 ns
tf Dour Fall Time See Test Circuits 90 300 ns
tr Dourt Rise Time See Test Circuits 60 300 ns
Cin Input Capacitance Analog Inputs On-Channel 65 pF

Analog Inputs Off-Channel 5 pF

Digital Inputs 5 pF

DIGITAL AND DC ELECTRICAL CHARACTERISTICS

The o denotes specifications which apply over the full operating temperature range, otherwise specifications are Ta = 25°C. (Note 3)

LTC1091A/LTC1092A/LTC1093A/LTC1094A
LTC1091/LTC1092/LTC1093/LTC1094

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
ViH High Level Input Voltage Vice =5.25V ° 2.0 v
ViL Low Level Input Voltage Vice =4.75V ° 0.8 v
lH High Level Input Current ViN = Vce ° 25 HA
I Low Level Input Current ViN=0V ° -2.5 HA
VoH High Level Output Voltage | Vcc =4.75V, lout = 10pA 4.7 V

Vee = 4.75V, lout = 360pA o 2.4 4.0 v
VoL Low Level Output Voltage | Vcc =4.75V, lout = 1.6mA ° 0.4 v
loz Hi-Z Output Leakage Vout = Ve, CS High . 3 pA

Vout = 0V, CS High ° -3 HA
Isource | Output Source Current Vout = 0V -10 mA
ISINK Output Sink Current Vout = Vce 10 mA
lcc Positive Supply Current LTC1091, CS High o . 15 35 mA

LTC1092/LTC1093/LTC1094, CS High, REF* Open o 1.0 25 mA
IREF Reference Current LTC1092/LTC1093/LTC1094, VRrer = 5V ° 0.5 1.0 mA
I~ Negative Supply Current LTC1093/LTC1094, CS High, V= =-5V ° 1 50 HA

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 ground with DGND, AGND,
GND and REF™ wired together (unless otherwise noted). REF~ is internally
connected to the AGND pin on the LTC1093. DGND, AGND, REF~and V~
are internally connected to the GND pin on the LTC1091/LTC1092.

Note 3: Ve =5V, Vrgr ™ =5V, Vregr ™ = 0V, V™ = 0V for unipolar mode and
-5V for bipolar mode, CLK = 0.5MHz unless otherwise specified.

Note 4: These specs apply for both unipolar (LTC1091/LTC1092/LTC1093/
LTC1094) and bipolar (LTC1093/LTC1094 only) modes. In bipolar mode,
one LSB is equal to the bipolar input span (2Vggr) divided by 1024. For
example, when Vggr = 5V, 1LSB (bipolar) = 2(5V)/1024 = 9.77mV.

Note 5: Linearity error is specified between the actual end points of the
A/D transfer curve.

Note 6: Total unadjusted error includes offset, full scale, linearity,
multiplexer and hold step errors.

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 V~ or one diode drop above V¢c. Be careful during testing at low
Ve levels (4.5V), as high level reference or analog inputs (5V) can cause
this input diode to conduct, especially at elevated temperatures, and cause
errors for inputs near full scale. This spec allows 50mV forward bias of
either diode. 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 OV to 5V input voltage range will therefore
require a minimum supply voltage of 4.950V over initial tolerance,
temperature variations and loading.

Note 8: Channel leakage current is measured after the channel selection.
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LTC1091/LTC1092
LTC1093/LTC1094

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1091/LTC1092
LTC1093/LTC1094

TYPICAL PERFORMANCE CHARACTERISTICS
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Maximum Clock Rate vs

LTC1091/LTC1092/LTC1093/LTC1094
Maximum Filter Resistor vs

Source Resistance Cycle Time
125 T 100k e R RT IR e
Voo =5V = a
— ~ oro - FILTER
= Tp=25°C = j
;1.00 \\ s 10k ECHLTER zlpF:l: /1
S N g = =
(“5;0.75 \\ *_g I - I
= 2
& & 1k
x \ = Z
3 0.50 \ 2
R: =
= SOURCE [ \ = Vi
= v | INPUT N < 100
2025 — PV X
= = — h
AT i
10 100 1k 10k 10 100 1000 10000
Rsource (@) CYCLE TIME (us)
1091/2/3/4 G10 1091/2/3/4 G11
LTC1091/LTC1092 Input Channel LTC1091 Offset Error vs
Leakage Current vs Temperature Supply Voltage
100 — 125 ‘ ‘ ‘
= ON-CHANNEL OR = feLk = 500kHz
£ [ OFF-CHANNEL B Th s 25°C
=
Z 80 < 1.00 |- Vos = 0.85mV AT Ve (Vrer) = 5V
o o
o >
2 .
© <
w N
8 60 ~|§0.75
§: "
3 Z
2 40 = 05
= o
= o
<< o
I w
2 20 o 0.25
g @ T
= L
T o - ° 0
50 25 0 25 50 75 100 125 4 5 6 78 9 10
AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V)
1091/2/3/4 G13 1091/2/3/4 G14
LTC1091 Change in Full-Scale LTC1091 Supply Current vs
Error vs Supply Voltage Supply Voltage
0.50 T T 7 T T
feLk = 500kHz foLk = 500kHz
Ta=25°C 6 [~ CS =Vcc (VRep) /
§ 0.25 Tp=25°C
5B B
3 = =
0 =z
= ~—~— 3
N
7S —025 >
W & P
2a 3 ? L~
7 -050
o 1
-0.75 0
4 5 6 7 8 9 10 4 5 6 7 8 9 10

SUPPLY VOLTAGE (V)

1091/2/3/4 G16

T AS THE CLK FREQUENCY AND SOURCE RESISTANCE ARE INCREASED, MAXIMUM CLK
FREQUENCY (AERROR < 0.1LSB) REPRESENTS THE FREQUENCY AT WHICH A 0.1LSB

SUPPLY VOLTAGE (V)

1092/2/3/4 G17

SHIFT IN ANY CODE TRANSITION FROM ITS 500kHz, 0Q VALUE IS FIRST DETECTED.

S & H ACQUISITION TIME TO 0.1% (us)

* Vee (VRrep)l

1
024

LINEARITY ERROR [LSB o

SUPPLY CURRENT (mA)

LTC1091/LTC1092/LTC1093/LTC1094
Sample-and-Hold Acquisition Time
vs Source Resistance

10 T
— Vcc =5V
[ Ta=25°C
|- OV TO 5V INPUT STEP
1 pd
Rsourcet
IN + ]
01 L 1 LI
100 1k 10k
Rsource? (Q)
1091/2/3/4 G12
LTC1091 Linearity Error vs
Supply Voltage
1.25 ‘ ‘
fCLK = 500kHz
Tp = 25°C
1.00
0.75
05
0.25
0
4 5 6 7 8 9 10
SUPPLY VOLTAGE (V)
1091/2/3/4 G15
LTC1091 Supply Current vs
Temperature
1.8 T T
fCLK = 500kHz
N Vee (Vrer) =5V |
16 N CS=5v
14 \\
\
1.2 \\
10
0.8
0.6
50 25 0 25 50 75 100 125

AMBIENT TEMPERATURE (°C)

1091/2/3/4 G18

T MAXIMUM Rey 1er REPRESENTS THE FILTER RESISTOR VALUE AT WHICH A 0.1LSB
CHANGE IN FULL-SCALE ERROR FROM ITS VALUE AT Ry 1er = 0 IS FIRST DETECTED.

6



LTC1091/LTC1092
LTC1093/LTC1094

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1091/LTC1092
LTC1093/LTC1094

TYPICAL PERFORMANCE CHARACTERISTICS
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PIN FUNCTIONS
LTC1091/LTC1092

csS (Pin 1): Chip Select Input. A logic low on this input
enables the LTC1091/LTC1092.

CHO, CH1/+IN, =IN (Pins 2, 3): Analog Inputs. These
inputs must be free of noise with respect to GND.

GND (Pin 4): Analog Ground. GND should be tied directly
to an analog ground plane.

Dy (Pin 5)(LTC1091): Digital Data Input. The multiplexer
address is shifted into this input.

Vrer (Pin 5)(LTC1092): Reference Input. The reference
input defines the span of the A/D converter and must be
kept free of noise with respect to AGND.

Doyt (Pin 6): Digital Data Output. The A/D conversion
result is shifted out of this output.

CLK (Pin7): Shift Clock. This clock synchronizes the serial
data transfer.

Vee(Vrer)(Pin 8)(LTC1091): Positive Supply and Refer-
ence Voltage. This pin provides power and defines the
span of the A/D converter. It must be kept free of noise and
ripple by bypassing directly to the analog ground plane.

Ve (Pin 8)(LTC1092): Positive Supply Voltage. This pin
provides power to the A/D converter. It must be kept free
of noise and ripple by bypassing directly to the analog
ground plane.

LTC1093/LTC1094

CHO to CH5/CHO to CH7 (Pins 1 to 6/Pins 1 to 8): Analog
Inputs. The analog inputs must be free of noise with
respect to AGND.

COM (Pin7/Pin9): Common. The common pin defines the
zero reference point for all single-ended inputs. It must be
free of noise and is usually tied to the analog ground plane.

DGND (Pin 8/Pin 10): Digital Ground. This is the ground
for the internal logic. Tie to the ground plane.

V= (Pin 9/Pin 11): Negative Supply. Tie V™ to most
negative potential in the circuit. (Ground in single supply
applications.)

AGND (Pin 10/Pin 12): Analog Ground. AGND should be
tied directly to the analog ground plane.
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LTC1091/LTC1092
LTC1093/LTC1094

PIN FUNCTIONS

VRger (Pin 11)(LTC1093): Reference Input. The reference
input must be kept free of noise with respect to AGND.

REF*, REF~ (Pins 13, 14 )(LTC1094): Reference Input.
The reference input must be kept free of noise with respect
to AGND.

Dy (Pin 12/Pin 15): Data Input. The A/D configuration
word is shifted into this input.

Dourt (Pin 13/Pin 16): Digital Data Output. The A/D con-
version result is shifted out of this output.

CS (Pin 14/Pin 17): Chip Select Input. A logic low on this
input enables the LTC1093/LTC1094.

CLK (Pin 15/Pin 18): Shift Clock. This clock synchronizes
the serial data transfer.

Vee (Pin 16)(LTC1093): Positive Supply. This supply
must be kept free of noise and ripple by bypassing directly
to the analog ground plane.

AVce, DVee (Pins 19, 20)(LTC1094): Positive Supply.
This supply must be kept free of noise and ripple by
bypassing directly to the analog ground plane. AV¢¢ and
DVcc should be tied together on the LTC1094.

BLOCK DIAG RAN\ (Pin numbers refer to LTC1094)

DVce

o
INPUT

Din SHIFT

REGISTER

'

CHO
CHL
CH2
CH3
[+
Ch4 INAPI\EJATLI\O/I?JX
cHs [6 ]
CHG
chr [ ]
com [9

SAMPLE-
AND-HOLD

18] cik

SHIFT Dour

10-BIT
CAPACITIVE
DAC

A

CONTROL

AND cs

TIMING

1091/2/3/4 BD




LTC1091/LTC1092
LTC1093/LTC1094

TEST CIRCUITS

On- and Off-Channel Leakage Current

[ . lon
’_SKI'\O_@)* ON-CHANNEL

1
1
! OFF-
H : CHANNELS
/ 1
, .
4
I,’ POLARITY 100121374 To01

Voltage Waveforms for Doyt Delay Time, typg

CLK
0.8V

~— tapo—>

2.4V
Dourt

0.4v

1091/2/3/4 TCO3

Load Circuit for tgjs, ten

TEST POINT

5V tgis WAVEFORM 2, ten

tgis WAVEFORM 1
T 100pF | dis

Dout

1091/2/3/4 TCO5

Load Circuit for typo, t;, tf

1.4v

3k
Dout _L
L

- 1091/2/3/14 TCO2

TEST POINT

100pF

Voltage Waveforms for Doyt Rise and Fall Times, t,, t;

2.4V
Dour
0.4V
tr—| |~ — -~
1091/2/3/4 TCO4
Voltage Waveforms for tg;g
- / 20V
cs /
Dout 90%
WAVEFORM 1
(SEE NOTE 1)
tis —>]
Dout
WAVEFORM 2 ;
(SEE NOTE 2) 10%

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

1091/2/3/4 TCO6

LTC1091 Voltage Waveforms for tep

Din START

CLK 1 2

Dourt

ten 1091/2/3/4 TCO7

10



LTC1091/LTC1092

LTC1093/LTC1094
TEST CIRCUITS
Voltage Waveforms for tep
LTC1092
cs \
CLK 1 v
Dour 0.4V B9
— ten P . 1091/2/3/4 TC08

LTC1093/LTC1094
cs \
Din ______J//;;;;N\\
CLK 1 2 3 4 5 6 7 ¢

Dourt

0.4V

1091/2/3/4 TC09

APPLICATIONS INFORMATION

The LTC1091/LTC1092/LTC1093/LTC1094 are data
acquisiton components that contain the following func-
tional blocks:

1. 10-Bit Successive Approximation A/D Converter
2. Analog Multiplexer (MUX)

3. Sample-and-Hold (S/H)

4. Synchronous, Half-Duplex Serial Interface

5. Control and Timing Logic

DIGITAL CONSIDERATIONS

1. Serial Interface

The LTC1091/LTC1093/LTC1094 communicate with
microprocessors and other external circuitry via a syn-
chronous, half-duplex, 4-wire serial interface while the
LTC1092 uses a 3-wire interface (see Operating Sequence).
The clock (CLK) synchronizes the data transfer with each
bit being transmitted on the falling CLK edge and captured
on the rising CLK edge in both transmitting and receiving

systems. The LTC1091/LTC1093/LTC1094 first receive
input data and then transmit back the A/D conversion
result (half-duplex). Because of the half-duplex operation,
Dy and Doyt may be tied together allowing transmission
over just three wires: CS, CLK and DATA (Djn/Dour)-

Data transfer is initiated by a falling chip select (CS)signal.
After CSfalls, the LTC1091/LTC1093/LTC1094 looks for a
start bit. After the start bit is received, a 3-bit input word
(6 bits for the LTC1093/LTC1094) is shifted into the Dy
input which configures the LTC1091/LTC1093/LTC1094
and starts the conversion. After one null bit, the result of
the conversion is output on the Doyt line. At the end of the
data exchange, CS should be brought high. This resets the
LTC1091/LTC1093/LTC1094 in preparation for the next
data exchange.

The LTC1092 does not require a configuration input word
and has no Dy pin. A falling CS initiates data transfer as
showninthe LTC1092 Operating Sequence. After CS falls,

LY LNER
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LTC1091/LTC1092

LTC1093/LTC1094

APPLICATIONS INFORMATION
& ] [[] sequence, providing easy interface to MSB- or LSB-first
serial ports. The following disussion applies to the con-

figuration of the LTC1091/LTC1093/LTC1094.
SHIET MUX | | The LTC1091/LTC1093/LTC1094 clock data into the D)y
ADDRESS IN | DA N input on the rising edge of the clock. The input data words
LNULLBIT  SHIFT A/D CONVERSION are defined as follows:

RESULT OUT

1091/2/3/4 AIOL

LTC1091 DATA INPUT (Dyy) WORD:

the first CLK pulse enables Dqyr. After one null bit, the A/D srarr | oY | ooor | er
. . . LTS DIFF SIGN
conversion result is output on the Doyt line. Bringing CS
high resets the LTC1092 for the next data exchange. MUX ADDRESS  MSB-FIRST/
LSB-FIRST
UNIPOLAR/
2. InpUt Data Word LTC1093/LTC1094 DATA INPUT (Dj)WORD: @ﬂ
The LTC1092 requires no Dyy word. It is permanently
. . . . start | S8Y ODD/ | SELECT | SELECT [ )\, MSBF
configured to have a single differential inputand to operate oFF | sien 1 0
in unipolar mode. The conversion result is output on the —
Doyt line in MSB-first sequence, followed by LSB-first MUX ADDRESS ey
LTC1091 Operating Sequence
Example: Differential Inputs (CH1*, CHO)
MSB-First Data (MSBF = 1)
| teve -
cs ] [ 1
START ODD/SIGN
ow ][ L] | DON'T CARE |
SGL/ | MSBF
Hi-Z  DIFF Hi-Z
Dout B9 B1 | BO | FILLED WITH ZEROS | —
tCONV 1091/2/3/4 AIO3
—>| tSMPL |<—

LSB-First Data (MSBF = 0)
} tcye ‘}
s ] [ 1

START ~ ODD/SIGN
DIN | DON'T CARE |

SGL/ MSBF
Hi-Z  DIFF Hi-Z
B9 B1|BO | B1 B9

Dout

FILLED WITH
tcony ZEROS 1091/2/3/4 AI04

—

tSMPL |[<—

12 LY LR



LTC1091/LTC1092
LTC1093/LTC1094

APPLICATIONS INFORMATION

LTC1092 Operating Sequence

} tcye }
G [ |

Hi-Z
Dout B9 B1|BO | Bl B9 |

tSMPL r‘ tcony tSMPL

1091/2/3/4 AIOS

LTC1093/LTC1094 Operating Sequence
Example: Differential Inputs (CH4*, CH5™), Unipolar Mode

MSB-First Data (MSBF = 1)

“ feve }
s | [ 1

START SEL1 UNI

ow ][] L] | DON'T CARE |

SGL/ ODD/  SELO | MSBF
Hi-Z DIFF SIGN Hi-Z
Dout B9 BL | BO | FILLED WITH ZEROS —

tcony 1091/2/3/4 Al06

—>| tsmpL [<—

LSB-First Data (MSBF = 0)
\

| tcyc }
cs | [ 1

START SEL1 UNI
o | DON'T CARE I
SGL/ ODD/ SELO MSBF
Hi-Z DIFF SIGN Hi-Z i
oot m B1] BO |BL B9
) FILLED WITH
‘ CONV ZEROS 1091/2/3/4 AIOT
—>| tSMPL |[<—

LY LNER 13



LTC1091/LTC1092
LTC1093/LTC1094

APPLICATIONS INFORMATION

Start Bit

The first “logical one” clocked into the Dy input after CS
goes low is the start bit. The start bit initiates the data
transfer. The LTC1091/LTC1093/LTC1094 will ignore all
leading zeros which precede this logical one. After the start
bit is received, the remaining bits of the input word will be
clocked in. Further inputs on the Dyy pin are then ignored
until the next CS cycle.

Multiplexer (MUX) Address

The bits of the input word following the START bit assign
the MUX configuration for the requested conversion. For
a given channel selection, the converter will measure the

LTC1093 Channel Selection

voltage between the two channels indicated by the + and
- signs in the selected row of the following tables. In
single-ended mode, all input channels are measured with
respect to GND on the LTC1091 and COM on the
LTC1093/LTC1094.

LTC1091 Channel Selection

MUX ADDRESS | CHANNEL # | GND
SGL/ | opp/
DIFF | SIGN | 0 | 1
SINGLE-ENDED| 1 0 + -
MUX MODE [ 1 1 + -
DIFFERENTIAL | 0 0 + | -
MUX MODE | 0 1 - +

1091-4 Al08

LTC1094 Channel Selection

MUX ADDRESS DIFFERENTIAL CHANNEL SELECTION MUX ADDRESS DIFFERENTIAL CHANNEL SELECTION
SGL/ | ODD/ SELECT SGL/ | ODD/ | SELECT
DIFF | SIGN 1 0 1 2 3 4 5 DIFF|SIGN|1 0] 0] 1 2 | 3 4 |5 6 7
0 0 0 0 - 0 0 0 0 + -
0 0 0 1 + - 0 0 0 1 + | -
0 0 1 0 + - 0 0 1 0 + | -
0 0 1 1 NOT USED 0 0 1 1 + -
0 1 0 0 - + 0 1 0 0| - | +
0 1 0 1 - + 0 1 0 1 - | +
0 1 1 0 - + 0 1 1 0 - | +
0 1 1 1 NOT USED 0 1 1 1 - +
MUX ADDRESS SINGLE-ENDED CHANNEL SELECTION MUX ADDRESS SINGLE-ENDED CHANNEL SELECTION
SGL/ | ODD/ | SELECT SGL/| ODD/ | SELECT
DIFF | SIGN | 1 0 1 2 3| 4 5 | COM DIFF|SIGN| 1 O 1|12 |3|4|5|6 |7 |[COM
1 0 0 0 - 1 0 0 0 -
1 0 0 1 + - 1 0 0 1 + -
1 0 1 0 + - 1 0 1 0 + -
1 0 1 1 NOT USED 1 0 1 1 + -
1 1 0 0 + - 1 1 0 o + -
1 1 0 1 + - 1 1 0 1 + -
1 1 1 0 + - 1 1 1 0 + -
1 1 1 1 NOT USED 1 1 1 1 + -

1091-4 AIO9

1091-4 AIO

14



LTC1091/LTC1092
LTC1093/LTC1094

APPLICATIONS INFORMATION
MSB-First/LSB-First (MSBF)

The output data of the LTC1091/LTC1093/LTC1094 is
programmed for MSB-first or LSB-first sequence using
the MSBF bit. When the MSBF bit is a logical one, data will
appear on the Doy line in MSB-first format. Logical zeros
will be filled in indefinitely following the last data bit to
accommodate longer word lengths required by some
microprocessors. When the MSBF bit is a logical zero,
LSB-first data will follow the normal MSB-first data on the
Doyt line. (See operating sequence).

Unipolar Output Code (UNI = 1)

INPUT VOLTAGE
OUTPUT CODE INPUT VOLTAGE (Vrer = 5V)
1111111111 VRer — 1LSB 4.9951V
1111111110 VRer — 2LSB 4.9902V
0000000001 1LSB 0.0049v
0000000000 ov oV

1091-4A113

Bipolar Output Code (UNI = 0) LTC1093/LTC1094 Only

INPUT VOLTAGE
. . OUTPUT CODE INPUT VOLTAGE (VRep = 5V)
Unipolar/Bipolar (UNI) 0111111111 VRer — 1LSB 4.9902V
. . 0111111110 VREF — 2LSB 4.9805V
The UNI bit of the LTC1093/LTC1094 determines whether . REFL .
the conversion will be unipolar or bipolar. When UNI is a . . .
logical one, aunipolar conversion will be performed on the 0000000001 1LSB 0.0098V
: ; ; : 0000000000 ov ov
selected_lnput_voltage. When_ UNlisalogical zero, ablp_olar 1111111111 1lss 00098V
conversion will result. The input span and code assign- 1111111110 -2LSB ~0.0195V
ment for each conversion type are shown in the figures . . .
bE|OW . . .
1000000001 —(VReF) + 1LSB —4.9902V
The LTC1091/LTC1092 are permanently configured for 1000000000 ~(VRer) 00V
unipolar mode.
Unipolar Transfer Curve (UNI = 1)
1111111111 -~~~ """~~~ T T - oo oo ——— | |
1111111110 G- ———==———————=——————— | ! i
oo
| | |
| | |
4+ I | :
0000000001 i ! I
0000000000 } } } L } > Vi
ov  1LSB VRer - 2LSB ! VRer
VRer— 1LSB 1091-4 Al11
Bipolar Transfer Curve (UNI = 0) LTC1093/LTC1094 Only
0111111111 -+
0111111110 | !
| | |
]
|
~VRer + 1LSB 0000000001 4 | } } !
Vg 0000000000 %] | | | !
“ ‘ A —t— — A —————— Vin
4 1111111111 VRer-2LSB | VRer
-+ 1111111110 VREF_‘ 1LSB 1091-4 Al12

- 1000000001
-~ 1000000000

15
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APPLICATIONS INFORMATION

3. Accommodating Microprocessors with
Different Word Lengths

The LTC1091/LTC1093/LTC1094 will fill zeros indefinitely
after the transmitted data until CS is brought high. At that
time the Doy line is disabled. This makes interfacing easy
to MPU serial ports with different transfer increments
including 4 bits (e.g., COP400) and 8 bits (e.g., SPI and
MICROWIRE/PLUS™). Any word length can be accommo-
dated by the correct positioning of the start bit in the
LTC1091 input word.

Figure 1 shows examples of LTC1091 input and output
words for 4-bit and 8-bit processors. A complete data
exchange can be implemented with two 4-bit MPU outputs
and three inputs in 4-bit systems and one 8-bit output and
two inputs in 8-bit systems. The resulting data winds up
left justified in the MPU with zeros automatically filled in
the unused low order bits by the LTC1091. In section 5
another example is given using the MC68HC05C4 which

eliminates one 8-bit transfer and positions data right
justified inside the MPU.

4. Operation with Dy and Doyt Tied Together

The LTC1091/LTC1093/LTC1094 can be operated with
Dy and Dy tied together. This eliminates one of the lines
required to communicate to the MPU. Data is transmitted
in both directions on a single wire. The processor pin
connected to this data line should be configurable as either
an input or an output. The LTC1091, for example, will take
control of the data line and drive it low on the 4th falling
CLK edge after the start bit is received (see Figure 2).
Therefore, the processor port line must be switched to an
input before this happens, to avoid a conflict.

In the next section, an example is made of interfacing
the LTC1091 with D;y and Doyr tied together to the Intel
8051 MPU.

START

Din SGL/TobD/ SR
DIFF | sign MSBF

Hi-Z

D
ot START l

|BQ|BS|B7|BG|BS B4|BS|BZ|Bl|BO|

-

FILL ZEROS

BIT

SGL/ ODD/

MPU SENDS
0 0 0 15 sien

2D;y WORDS

MSBF X

4-BIT
TRANSFERS

X=DON'T CARE

MPU READS BACK
3 Doyt WORDS

B9

START

B8

B7 B6||B5 B4 B3 B2

BIT

'SGL/ ODD/
DIFF SIGN

MPU SENDS

1Dy WORD MSBF X |

8-BIT
TRANSFERS

MPU READS BACK
2 Doyt WORDS

Figure 1. LTC1091 Input and Output Word Arrangements for 4-Bit and 8-Bit Serial Port Microprocessors

MICROWIRE/PLUS is a trademark of National Semiconductor Corp.
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LTC1091/LTC1092

LTC1093/LTC1094
APPLICATIONS INFORMATION
MSBF
LATCHED
BY LTC1091
=]
1 2 3 4
CLK F 8 A F N Y
| |
|
DATA (Oiv/Dour) START SD%F/ g%ﬁl’ MSBF B9 I
N /N J
MPU CONTROLS i i LTC1091 CONTROLS
DATA LINE AND SENDS - DATA LINE AND SENDS
MUX ADDRESS TO LTC1091 } } A/D RESULT BACK TO MPU
PROCESSOR } }
MUST RELEASE } }

DATA LINE AFTER 4TH —>

RISING CLK AND BEFORE
THE 4TH FALLING CLK

< LTC1091 TAKES CONTROL OF DATA LINE
ON 4TH FALLING CLK

1091/2/3/4 FO2

Figure 2. LTC1091 Operation with Dy and Doyt Tied Together

5. Microprocessor Interfaces

The LTC1091/LTC1092/LTC1093/LTC1094 can interface
directly (without external hardware) to most popular
microprocessor (MPU) synchronous serial formats (see
Table 1). If an MPU without a dedicated serial portis used,
then three or four of the MPU’s parallel port lines can be
programmed to form the serial link to the LTC1091/
LTC1092/LTC1093/LTC1094. Included here are one serial
interface example and one example showing a parallel port
programmed to form the serial interface.

Table 1. Microprocessors with Hardware Serial Interfaces
Compatible with the LTC1091/LTC1092/LTC1093/LTC1094

PART NUMBER TYPE OF INTERFACE
Motorola
MC6805S2, S3 SPI
MC68HC11 SPI
MC68HC05 SPI
RCA
CDP68HC05 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

*Requires external hardware

MICROWIRE is a trademark of National Semiconductor Corp.
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APPLICATIONS INFORMATION

Motorola SPI (MC68HC05C4, MC68HC11)

The MC68HC05C4 has been chosen as an example of an
MPU with a dedicated serial port. This MPU transfers data
MSB firstand in 8-bitincrements. With two 8-bit transfers,
the A/D result is read into the MPU. The first 8-bit transfer
sends the D\ word to the LTC1091 and clocks B9 and B8
of the A/D conversion result into the processor. The

second 8-bit transfer clocks the remaining bits, B7 through
BO, into the MPU.

ANDing the first MPU received byte with 03 Hex clears the
six most significant bits. Notice how the position of the
start bit in the first MPU transmit word is used to position
the A/D result right justified in two memory locations.

Data Exchange Between LTC1091 and MC68HC05C4

START
BIT
BYTE 1 BYTE 2 (DUMMY)
MPU TRANSMIT SGL/|oDD/
WORD 0 1 i |sien MSBF| X X X X X X X X X X X
X =DON'T CARE
7] B
START
SGL/{ opp/
D 2= f
IN oIFF | sign MSBF DON'T CARE

«___ THyuyduuy

AR AR AR —

Dour | B9 | B8 7| 86| B5 | B4 | B3 | B2 | B1 | BO
BYTE 1 BYTE 2
MPU RECEIVED 2l 222 ]2 B9 | B B5 | B4 | B3 | B2 | BL|B
Ve > | 2122|208 |68s 87 | 86 | B5 3 0

<—— 1ST TRANSFER

Hardware and Software Interface to
Motorola MC68HC05C4 Processor

[ — cs |« co
ANALOG Lrcaoor K¢ [€ MC68HCO05C4
INPUTS o [«

— Dout »| MISO

1091-4 Al16

Dout from LTC1091 Stored in MC68HC05C4 RAM
MSB

LOCATIONAl o 0 O O O 0 B9 B8 | BYTE 1

LSB

LOCATION A +1

B7 B6 BS5 B4 B3 B2 Bl BO | BYTE 2

2ND TRANSFER —————— >

1091/2/3/4 Al15

LABEL | MNEMONIC | COMMENTS
START | BCLRn Bit 0 Port C Goes Low (CS Goes Low)

LDA Load LTC1090 Dyy Word into Acc

STA Load LTC1090 Dyy Word into SPI from Acc
Transfer Begins

TST Test Status of SPIF

BPL Loop to Previous Instruction If Not Done
with Transfer

LDA Load contents of SPI Data Register into
Acc (Doyt MSBs)

STA Start Next SPI Cycle

AND Clear 6 MSBs of First Doyt Word

STA Store in Memory Location A (MSBs)

TST Test Status of SPIF

BPL Loop to Previous Instruction If Not Done
with Transfer

BSETn Set BO of Port C (CS Goes High)

LDA Load contents of SPI Data Register into
Acc (DOUT LSBS)

STA Store in Memory location A + 1 (LSBs)

18



LTC1091/LTC1092

Interfacing to the Parallel Port of the LABEL | MNEMONIC | OPERAND | COMMENTS
Intel 8051 Family MOV A, #FFH Dy Word for LTC1091
SETB P1.4 Make Sure CS Is High
The Intel 8051 has been chosen to demonstrate. the CLR P14 CS Goes Low
interface between the LTC1091 and parallel port micro- MoV R4, #04 | Load Counter
processors. Normally, the CS, SCLK and Dy signals ~ LOOP1|RLC A Rotate Dyy Bit into Carry
would be generated on three port lines and the Doy Signal &LORV Eig c gﬁtp'ffg?;;‘t"f; 71001
re_ad on a 4th port line. Thi_s works very well. However, we SETB P13 SCLK Goes High
will demonstrate here an interface with the Dy and Doyt DINZ R4, LOOP 1 | Next Bit
of the LTC1091 tied together as described in section 4. MoV P1,#04 | Bit2Becomes an Input
This saves one wire CLR P1.3 SCLK Goes Low
: MOV R4, #09 Load Counter
. . LOOP | MOV C,P1.2 Read Data Bit into Carry
The 8051 first sends thg start bit and MUX address to the RLC A Rotate Data Bit into Ace
LTC1091 over the data line connected to P1.2. Then P1.2 SETB P1.3 SCLK Goes High
is reconfigured as an input (by writing to it a one) and the CLR P13 SCLK Goes Low
: DINZ R4, LOOP | Next Bit
8051 reads back the 10-bit A/D result over the same data Y R2. A Store MSBS in B2
line. MOV C,P1.2 Read Data Bit into Carry
SETB P1.3 SCLK Goes High
— cs P14 CLR P13 SCLK Goes Low
ANALOG [ A% P13 CLR A Clear Acc _
INPUTS LTC1091 5 _ P12 8051 RLC A Rotate Data Bit from Carry to Acc
{ OT-—F ] MOV C,PL2 Read Data Bit into Carry
] DIN [~ MUX ADDRESS RRC A Rotate Right into Acc
A/D RESULT 10914 117 RRC A Rotate Right into Acc
. MOV R3, A Store LSBs in R3
Dour from LTC1091 Stored in 8051 RAM SETB P14 CS Goes High
MSB
R2|BQ B8 B7 B6 B5 B4 B3 BZ|
LSB
R3 | B1 BO 0 0 0 0 0 0 |
MSBF BIT
LATCHED
INTO LTC1091
cs 1 /
|
1 2 3 l4

| e
SGL/
DATA (Din/Dour) / START \ DIFF / gPGD,\{ MSBF B9 B8 B7 B6 B5 B4 B3 B2 B1 BO

\ \ J

1091/2/3/4 AI18

[
[
[
sgi#:% E);JchFz)%Tls N LTC1091 SENDS A/D RESULT
L BACK TO 8051 P1.2
[
[
[
|
|

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

LTC1091 TAKES CONTROL OF DATA LINE
ON 4TH FALLING CLK

LY LNER 19



LTC1091/LTC1092
LTC1093/LTC1094
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OUTPUT PORT

3-WIRE SERIAL

SERIAL DATA

» INTERFACE TO OTHER
PERIPHERALS OR LTC1094s

cS
MPU LTC1094

cs cs
LTC1094 LTC1094

LTC1091-4 FO3

8 CHANNELS

8 CHANNELS 8 CHANNELS

Figure 3. Several LTC1094s Sharing One 3-Wire Serial Interface

Sharing the Serial Interface

The LTC1094 can share the same 2- or 3-wire serial
interface with other peripheral components or other
LTC1094s (see Figure 3). In this case, the CS signals
decide which LTC1094 is being addressed by the MPU.

ANALOG CONSIDERATIONS

1. Grounding

TheLTC1091/LTC1092/LTC1093/LTC1094 should be used
with an analog ground plane and single point grounding
techniques.

The AGND pin (GND on the LTC1091/LTC1092) should be
tied directly to this ground plane.

The DGND pin of the LTC1093/LTC1094 can also be tied
directly to this ground plane because minimal digital noise
is generated within the chip itself.

The V¢ pin should be bypassed to the ground plane with
a4.7uF tantalum with leads as short as possible. AVc and
DV should be tied together on the LTC1094. The V™~ pin
(LTC1093/LTC1094) should be bypassed with a 0.1pF
ceramic disk. For single supply applications, V™ can be
tied to the ground plane.

Itis also recommended that the REF ™ pin and the COM pin
be tied directly to the ground plane. All analog inputs
should be referenced directly to the single point ground.
Digital inputs and outputs should be shielded from and/or
routed away from the reference and analog circuitry.

Figure 4 shows an example of an ideal LTC1091 ground
plane design for a 2-sided board. Of course, this much
ground plane will not always be possible, but users should
strive to get as close to this ideal as possible.

2. Bypassing

For good performance, Voc must be free of noise and
ripple. Any changes in the V¢ voltage with respect to
analog ground during a conversion cycle can induce
errors or noise in the output code. Because the Ve (VRer)
pin of the LTC1091 defines the voltage span of the A/D
converter, its bypassing is especially important. V¢ noise
andripple can be kept below 1mV by bypassing the V¢ pin
directly to the analog ground plane with a 4.7F tantalum
with leads as short as possible. AV and DV should be
tied together on the LTC1094. Figures 5 and 6 show the
effects of good and poor V¢ bypassing.

4.7TuF Vee
TANTALUM

=l

[l
NEEEERC

LTC1091-4 FO4

Figure 4. Example Ground Plane for the LTC1091
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3. Analog Inputs

Because of the capacitive redistribution A/D conversion
techniques used, the analog inputs of the LTC1091/
LTC1092/LTC1093/LTC1094 have capacitive switching
input current spikes. These current spikes settle quickly
and do not cause a problem. However, if large source
resistances are used or if slow settling op amps drive the
inputs, care must be taken to ensure that the transients
caused by the current spikes settle completely before the
conversion begins.

Source Resistance

The analog inputs of the LTC1091/LTC1092/LTC1093/
LTC1094 look like a 60pF capacitor (Cyy) in series with a
500Q resistor (Royn) as shown in Figure 7. Cy gets
switched between the selected “+” and “~” inputs once
during each conversion cycle. Large external source resis-
tors and capacitances will slow the settling of the inputs. It
Is important that the overall RC time constants be short
enough to allow the analog inputs to completely settle
within the allowed time.

“+” Input Settling

This input capacitor is switched onto the “+” input during
the sample phase (tspp(, See Figure 8). The sample phase
is the 1 1/2 CLK cycles before the conversion starts. The
voltage on the “+” input must settle completely within this
sample time. Minimizing Rggurcet and C1 will improve
the input settling time. If large “+” input source resistance
must be used, the sample time can be increased by using
a slower CLK frequency. With the minimum possible
sample time of 3ps, Rsgurce’ < 2k and C1 < 20pF will
provide adequate settling.

0.5mV/DIV

10us/DIV

1091-4 FO5

Figure 5. Poor V¢ Bypassing.
Noise and Ripple Can Cause A/D Errors

0.5mV/DIV

10us/DIV

1091-4 FO6

Figure 6. Good V¢ Bypassing Keeps
Noise and Ripple on V¢ Below 1mV

oy

R + INPUT
Vit ——AM— LTC1001
! 3RD CLK1t
C1 Ron = 500Q
I -«
= Cin=
RSOURCE™ INPUT | 4THCLKL T 60pF
ViNT =
Cc2 LTC091-4 FO7
0T

Figure 7. Analog Input Equivalent Circuit
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“~ Input Settling

Atthe end of the sample phase the input capacitor switches
to the “~” input and the conversion starts (see Figure 8).
During the conversion, the “+” input voltage is effectively
“held” by the sample-and-hold and will not affect the
conversion result. However, it is critical that the “~” input
voltage settle completely during the first CLK cycle of the
conversiontime and be free of noise. Minimizing Rsoyrce™
and C2 will improve settling time. If large “~” input source
resistance must be used, the time allowed for settling can
be extended by using a slower CLK frequency. At the
maximum CLK rate of 500kHz, Rsoyrce™ < 1kQ and
C2 < 20pF will provide adequate settling.

=\

Input Op Amps

When driving the analog inputs with an op amp it is
important that the op amp settle within the allowed time
(seeFigure 8). Again, the “+” and “~" input sampling times
can be extended as previously described to accommodate
slower op amps. Most op amps, including the LT1006 and
LT1013 single supply op amps, can be made to settle well
even with the minimum settling windows of 3us (“+”
input) and 2ps (“=” input) which occur at the maximum
clock rate of 500kHz. Figures 9 and 10 show examples of
adequate and poor op amp settling.

SAMPLE HOLD

i “+” INPUT MUST L
~—SETTLE DURING—>
THIS TIME

tsmpPL

tcony

CLK

/

START \< SGL/DIFF ><

X MSBF >W DON'T CARE

Dour

A

1ST BIT TEST “~” INPUT MUST
SETTLE DURING THIS TIME

“+" INPUT

“=" INPUT

-

1091-4 F08

Figure 8. “+” and “~” Input Settling Windows
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5mV/DIV

1ps/DIV

1091-4 F09

Figure 9. Adequate Settling of Op Amp Driving Analog Input

5mV/DIV

20ps/DIV

1091-4 F10

Figure 10. Poor Op Amp Settling Can Cause A/D Errors

RC Input Filtering

It is possible to filter the inputs with an RC network as
shown in Figure 11. For large values of Cr (e.g., 14F), the
capacitive input switching currents are averaged into a net
DC current. Therefore, afilter should be chosen with a small
resistor and large capacitor to prevent DC drops across the
resistor. The magnitude of the DC current is approximately
Ipc = (60pF)(Vin/teyc) and is roughly proportional to Viy.
When running at the minimum cycle time of 32us, the input
current equals 9pA at V= 5V. In this case, a filter resistor
of 50Q will cause 0.1LSB of full-scale error. If a larger filter

resistor must be used, errors can be eliminated by increas-
ing the cycle time as shown in the typical curve of Maximum
Filter Resistor vs Cycle Time.

Input Leakage Current

Input leakage currents can also create errors if the source
resistance getstoo large. For instance, the maximum input
leakage specification of 1pA (at 125°C) flowing through a
source resistance of 1kQ will cause a voltage drop of ImV
or 0.2LSB. This error will be much reduced at lower
temperatures because leakage drops rapidly (see the
typical curve of Input Channel Leakage Current vs
Temperature).

4. Sample-and-Hold

Single-Ended Inputs

The LTC1091/LTC1093/LTC1094 provide a built-in sample-
and-hold (S&H) function for all signals acquired in the single-
ended mode. This sample-and-hold allows conversion of
rapidly varying signals (see typical curve of S&H Acquisition
Time vs Source Resistance). The input voltage is sampled
during the tgypp time as shown in Figure 8. The sampling
interval begins as the bit preceding the MSBF bit is shifted in
and continues until the falling CLK edge after the MSBF bitis
received. On this falling edge, the S&H goes into hold mode
and the conversion begins.

I
RrLTeR D€
Vin — Gng

LTC1091

CrILTER
T

1091-4 F11

Figure 11. RC Input Filtering
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Differential Inputs

With differential inputs, the A/D no longer converts just a
single voltage but rather the difference between two volt-
ages. Inthis case, the voltage onthe selected “+” inputis still
sampled and held and therefore may be rapidly time varying
just as in single-ended mode. However, the voltage on the
selected “~” input must remain constantand be free of noise
and ripple throughout the conversion time. Otherwise, the
differencing operation may not be performed accurately.
The conversion time is 10 CLK cycles. Therefore, a change
in the “=” input voltage during this interval can cause
conversion errors. For a sinusoidal voltage on the “~” input
this error would be:

VErrOR(MAX) = (VPeaK)(2TD) * f(“~")(10/fc k)

Where f(“-") is the frequency of the “~” input voltage,
Vpeak is its peak amplitude and fg ¢ is the frequency of the
CLK. In most cases Vgrror Will not be significant. For a
60Hz signal on the “~" input to generate a 0.25LSB error
(1.25mV) with the converter running at CLK = 500kHz, its
peak value would have to be 150mV.

5. Reference Inputs

The voltage between the reference inputs of the
LTC1091/LTC1092/LTC1093/LTC1094 defines the volt-
age span of the A/D converter. The reference inputs look
primarily like a 10k resistor but will have transient capaci-
tive switching currents due to the switched capacitor
conversion technique (see Figure 12). During each bit test
of the conversion (every CLK cycle), a capacitive current
spike will be generated on the reference pins by the A/D.
These current spikes settle quickly and do not cause a
problem. However, if slow settling circuitry is used to drive
the reference inputs, care must be taken to ensure that
transients caused by these current spikes settle com-
pletely during each bit test of the conversion.

When driving the reference inputs, three things should be
kept in mind:

1. The source resistance (Rgyt) driving the reference
inputs should be low (less than 1Q) to prevent DC
drops caused by the 1mA maximum reference current

(IRer)-

2. Transients on the reference inputs caused by the
capacitive switching currents must settle completely
during each bit test (each CLK cycle). Figures 13 and
14 show examples of both adequate and poor settling.
Using a slower CLK will allow more time for the
reference to settle. However, even at the maximum
CLK rate of 500kHz most references and op amps can
be made to settle within the 2ps bit time.

3. Itisrecommended that the REF~ input of the LTC1094
be tied directly to the analog ground plane. If REF~is
biased atavoltage other than ground, the voltage must
not change during a conversion cycle. This voltage
must also be free of noise and ripple with respect to
analog ground.

REF*
LTC1091/2/3/4
EVERY CLK CYCLE
Rout / Ron
L 5pF TO
— VRer T 30pF
=
(AGND)

1091-4 F12

Figure 12. Reference Input Equivalent Circuit

0.5mV/DIV

1ps/DIV

1091-4 F13

Figure 13. Adequate Reference Settling
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0.5mV/DIV

1ps/DIV

1091-4 F14

Figure 14. Poor Reference Settling Can Cause A/D Errors

6. Reduced Reference Operation

The minimum reference voltage of the LTC1091 is limited
to 4.5V because the V¢ supply and reference are internally
tied together. However, the LTC1092/LTC1093/LTC1094
can operate with reference voltages below 1V.

The effective resolution of the LTC1092/LTC1093/LTC1094
can be increased by reducing the input span of the con-
verter. The parts exhibit good linearity and gain over awide
range of reference voltages (see typical curves of Linearity
and Full-Scale Error vs Reference Voltage). However, care
must be taken when operating at low values of Vgrgr
because of the reduced LSB step size and the resulting
higher accuracy requirement placed on the converter. The
following factors must be considered when operating at
low Vg values:

1. Offset
2. Noise
3. Conversion speed (CLK frequency)

Offset with Reduced Vger

The offset of the LTC1092/LTC1093/LTC1094 has a larger
effect on the output code when the A/D is operated with
reduced reference voltage. The offset (which is typically a
fixed voltage) becomes a larger fraction of an LSB as the
size of the LSB is reduced. The typical curve of Unadjusted
Offset Error vs Reference Voltage shows how offset in
LSBs is related to reference voltage for a typical value of
Vos. For example, a Vg of 0.5mV which is 0.1LSB with a

5V reference becomes 0.5LSB with a 1V reference and
2.5LSBs with a 0.2V reference. If this offset is unaccept-
able, it can be corrected digitally by the receiving system
or by offsetting the “~” input to the LTC1092/LTC1093/
LTC1094.

Noise with Reduced Vggr

The total input-referred noise of the LTC1092/LTC1093/
LTC1094 can be reduced to approximately 200V peak-to-
peak using a ground plane, good bypassing, good layout
techniques and minimizing noise on the reference inputs.
This noise is insignificant with a 5V reference but will
become a larger fraction of an LSB as the size of the LSB
is reduced. The typical curve of Noise Error vs Reference
Voltage shows the LSB contribution of this 200V of
noise.

For operation with a 5V reference, the 200V noise is only
0.04LSB peak-to-peak. Inthis case, the LTC1092/LTC1093/
LTC1094 noise will contribute virtually no uncertainty to
the output code. However, for reduced references, the
noise may become a significant fraction of an LSB and
cause undesirable jitter in the output code. For example,
with a 1V reference, this same 200UV noise is 0.2LSB
peak-to-peak. This will reduce the range of input voltages
over which a stable output code can be achieved by
0.2LSB. If the reference is further reduced to 200mV, the
200uV noise becomes equal to one LSB and a stable code
may be difficult to achieve. In this case averaging readings
may be necessary.

This noise data was taken ina very clean setup. Any setup-
induced noise (noise or ripple on Ve, Vrer, Vin or V7o) will
add to the internal noise. The lower the reference voltage
to be used, the more critical it becomes to have a clean,
noise-free setup.

Conversion Speed with Reduced Vggr

With reduced reference voltages, the LSB step size is
reduced and the LTC1092/LTC1093/LTC1094 internal
comparator overdrive is reduced. Therefore, it may be
necessary to reduce the maximum CLK frequency when
low values of Vrgr are used.
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0°C to 500°C Furnace Exhaust Gas Temperature Monitor with Low Supply Detection

oV
Vin o2 6 _Vour
* l LT1021-5
2 1 +]
Vin o e T oo
— 8 = — —
J  LT1025A 20k = -
<
JTYPE GND COMMON 1N4148
: 2 5 —>—
— L L
|_ LTC1091A ]
3 —
cs Vee F— TO
470 c« MCU
—1 —W\—¢ CHO CLK f——
; 2 ‘ CH1 DOUT j_
< r GND Din
OlpF luF I ilOk 1091 TAO3

3.4k
1%

178k
0.1%
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0°C to 100°C 0.25°C Accurate Thermistor Based
Temperature Measurement System

5V 4.7pF
2N3904 |
10k 15k | | |
+10% +10% =
[ p
| = LTC1094
YSI 44201 CHO DV _T
0°C TO J_ CH1 AVCC
100°C = —] CH2 CLK
1 | —{ CcH3 cs T0
5k AT — Mcu
5eC YS| 44201 cHa-— Dour
20°C TO T —CH5 Di
_a0c | = —cH6  ReF* /
¢ = CH7  REF™ +
g 29540 COM  AGND < LT1006
SOOOQ?> 1 J__ DGND Vi —
4562Q - = 14910 =
[

1091-4 TA04

*YSI 44007, 44034 OR EQUIVALENT

—55°C to 125°C Thermometer Using
Current Output Silicon Sensors

9V 4.7TuF 5V 10pF

| Vout |
| LT1019-2.5 |
30
r 71 LM134 OR OTHER J_
1
i 47 1PAPK SENSOR = = =
1 1
1
1226Q ' |_ LTC1002 1
1 1
' ! cs — 70
L -1 e Yee MCU
+ SCLK
115k S - Dout
1 J__— GND VREF 1091 TAOS
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PAC KAG E DESCR | PTl Oﬂ Dimensions in inches (millimeters) unless otherwise noted.

N8 Package
8-Lead PDIP (Narrow 0.300)
(LTC DWG # 05-08-1510)

0.400*

(10.160)
MAX

8] [7] [6] [s]
0.255 + 0.015* >
(6.477 £ 0.381)

] 2] [e] [4

0.300 - 0.325 0.045-0.065 0.130 + 0.005

e
(7.620 — 8.255) ¢ (1.143 - 1.651) (3.302 +0.127)

0065 4 R

(1.651)

0009-0015 o TYP ——F
(0.229-0.381) | 0125

(3175 0020

0325 +0.035 — MIN  (0.508)
| o015 | 0.100 001840003  MIN
8.255 10889 (254) (0.457 £ 0.076)
-0.381 BSC N8 1098

*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm)
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PAC KAG E DESCR I PTl Oﬂ Dimensions in inches (millimeters) unless otherwise noted.

N Package
16-Lead PDIP (Narrow 0.300)
(LTC DWG # 05-08-1510)

0.770* |
(19.558)
MAX

hd [1s] [1a] [1a] [12] [1a] [s0] [o]

0.255 + 0.015* >
(6.477 £0.381)

l

i [2] o] [ef [s] Le] [2] [¢]

0.300 - 0.325 0.130 + 0.005 0.045 — 0.065
(7.620 — 8.255) (3.302 +0.127) (1.143 - 1.651) ‘ ‘ L
0.020 ‘ —
(0508) T
MIN 0.065
0.009-0.015 | T— (L651)
(0.229 - 0.381) VP
0,395 70035 —J
‘ 325 _0,015 ‘ 0.125 0.100 ‘ ‘ ‘ ‘ 0.018 + 0.003
+0.889 3.175
8.255 (3.175) (2.54) (0.457 +0.076)
-0.381 MIN BSC

*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm)

N16 1098
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PAC KAG E DESCR | PTl Oﬂ Dimensions in inches (millimeters) unless otherwise noted.

N Package
20-Lead PDIP (Narrow 0.300)
(LTC DWG # 05-08-1510)

1.040%
(26.416)
MAX

[20] [10] [18] [17] [16] [15] [14] [1s] [ro] [m1]

0.255 + 0.015* >
(6.477 £0.381)

L] L] [s] [a] L] [o] [7] [&] [o] [10]

0.300 - 0.325 0.130 + 0.005 0.045 — 0.065
|l — —
(7.620 - 8.255) (3302 0.127) (1143 1.651) ¢
0.020 T
(0508)
MIN 0.065
0.009 - 0.015 5 (1.651)
(0.229 - 0.381) ! TYp
Y
+0.035
32
L— 0325 0,015 H‘ 0125 —»| ‘« 0005 0100 _, | - ‘ ‘ 0.018 + 0.003
+0.889 (3.175) ©127) (259 T (0457 £0076)
8'255—0.381 MIN MIN BSC =

*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm)

N20 1098
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PAC KAG E DESCR | PTl Oﬂ Dimensions in inches (millimeters) unless otherwise noted.

SW Package
16-Lead Plastic Small Outline (Wide 0.300)
(LTC DWG # 05-08-1620)

0.398 - 0.413*
(10.109 — 10.490)

16 15 14 13 12 11 10

afiagsgsls

NOTE 1 ) 0.394-0419
(10.007 - 10.643)

]

~ [T
w [T]
~ [T

5 6 7 8 -
0.291 - 0.209**
(7.391 - 7.505)

0.037 - 0.045
(0.940 — 1.143)

v
1

0.093 -0.104

0.010-0.029 4z 2.093-0.104
©0254-0737) < ® 9‘ ~ (2.362-2.642)

i J [ OO AAOd

o050 | |

0.004 - 0.012

0.009 - 0.013 (1.270)
(0.229 - 0.330) NOTE 1 BSC (0.102 - 0.305)
: : 0.014 - 0.019
0.016-0.050 | 0.356 - 0.482 -
(0406 -1270) o e )
NOTE:
1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. S16 (WIDE) 1058

THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS
*DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE
**DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
| EAQ However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-

ECHNOLOGY tation that the interconnection of circuits as described herein will not infringe on existing patent rights.
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TYPICAL APPLICATION

Micropower, 500V Optoisolated, Multichannel, 10-Bit Data
Acquisition System Is Accessed Once Every Two Seconds

4N28s
10k |
o v ] 5V
10k : 10k
oons | 2N3906 T I 2N3906 c1
— VWA I o A
< } 150Q
| [ Q10 1
< | 5V
+ p I 10k
10pF* 51K I 1500 Sck
g; | A | e v
1
LTC1094 * ; 5V
CHO DVCC — ; $ 5.1k | 10k
|| > o>x3 | co
Gl AVee 51k I 1500
CH2 CLK ¢ | A | e v Jp—-
8 ANALOG = T
INPUTS B e } o
0V TOS5V CH4 D, |
RANGE o ‘;UT I 10k
'T 51k : 50Q Mos|
CHé REF 3 44 4 |
CH7 REF~ TO ADDITIONAL 177 I
COM AGND LTC1094s :
DGND s 300Q T
|
/J7 10k MISO
2N3904
*SOLID TANTALUM I
**MC68HC05 CODE AVAILABLE FROM :
LINEAR TECHNOLOGY ISOLATION v LTI0934 TAO6
4N28 BARRIER
[ ]
pA
R o
PART NUMBER DESCRIPTION COMMENTS
LTC1090 10-Bit, 8-Channel ADC Serial 1/0, 1.5mA Supply Current
LTC1291/LTC1292 12-BIT, 2-Channel and Differential ADCs Pin Compatible Upgrades to LTC1091/LTC1092
LTC1293/LTC1294 12-Bit, 6- and 8-Channel ADCs Pin Compatible Upgrades to LTC1093/LTC1094
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