”' ’“2 o LTC1095

TECHNOLOGY

Complete 10-Bit Data

Acquisition System with On Board Reference

FEATURES

» On Board 5V Precision Buried Zener Reference

» Software Controlled 6 Channel Muitiplexer

= Differential and Single Ended Input Capability

» Built-In Sample and Hold for Single Ended Inputs

m Analog Inputs Common Mode to Both Supply Rails

m Single Supply (7.2V to 40V) or Split Supply Operation

= 10 Bit Unipolar or 9 Bit Plus Sign Bipolar

» 2's Complement Output Coding on Bipolar Conversions

®» Direct Interface to Most Microprocessor Serial Data
Ports Including Mortorola SP!, Hitachi SCI and National
MICROWIRE/PLUS*

= Software Interface to Other Microprocessor Parallel
Ports

» MSB or LSB First Data

KEY SPECIFICATIONS

® Resolution 10 Bits
= Linearity Error +0.5LSB (0.05% FSR) Max
= Total Unadjusted Error - +0.15% FSR
» Conversion Time 20us
= Sampling Rate 25kHz

= Supply Current
w Full Scale Error Temperature
Drift (B Grade) 23ppm/°C Max
*MICROWIRE/PLUS is a trademark of National Semiconductor.

4.7mA Max, 2.3mA Typ

DESCRIPTION

The LTC1095 is a complete data acquisition component
which contains a serial /0, successive approximation A/D
converter, a 6 channel multiplexer, a sample and hold, and
anon board reference. It uses LTCMOS™ switched capaci-
tor technology to perform either 10 bit unipolar, or 9 bit
plus sign bipolar AID conversions. The 6 channel input
multipiexer can be software configured for either single
ended or differential inputs (or combinations thereof). The
on chip sample and hold is included for all single ended in-
put channels. The LTC1095 is specified as a complete
system. This specification includes the error contribution
of the AID, MUX, S&H, and reference.

The serial 1/0 is designed to be compatible with industry
standard serial interfaces. It allows either MSB or LSB
first data and automatically provides 2's complement out-
put coding in the bipolar mode. This allows easy interface
to shift registers and a variety of processors.

All grades of the LTC1095 have guaranteed maximum off-
set and linearity errors of +£0.5LSB over the full operating
temperature range. The LTC1095B is specified with gain
error less than +0.1% maximum.

The LTC1095C is specified with a gain error limit of +0.2%
FSR maximum. :
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LTC1095

ABSOLUTE MAXIMUM RATINGS PHCKHGG/OHbEﬂ INFORMATION

(Notes 1and 2)
Supply Voltage (V*)toGND ........coevvvvinnnnnnn. 40V TOP VIEW ORDER PART
Supply Voltage (Veg) toGNDorV= ......ccoveeeeeen. 12V o < v NUMBER
Negative Supply Voltage (V=)............... ~6Vto GND EH:’LZ__ = o
Voltage
Analog and Reference Inputs ..(V~) -0.3Vto Vgc +0.3V z:z% gim gg}gggm
Digital Inputs ..........covniiiiiiinins -0.3Vtio 12V culE] s [@ow ITC10958C4
Digital Outputs ................... -0.3Vto Vo +0.3V o [] | EmLE LTC1095CCJ
Power Dissipation-....................ooee, 500mW com[T] 7] AGND ITC10958CN
Operating Temperature Range p6nD [ 7] REFour LTC1005CCN
LTC1095BC, LTC1095CC ................... 0°Cto70°C v-[3 0] v+
LTC1095BM, LTC1095CM ............. -55°Ct0 125°C
Storage Temperature Range............. - 65°C to 150°C JGEADGERAMIC P 18-LEAD PLASTICDIP
Lead Temperature (Soldering, 10 sec).............. 300°C
CONVERTER AND MULTIPLEXER CHARACTERISTICS (Nots3)
(With intemal reference) '
CONDITIONS LTC1095B LTC1095C
PARAMETER (See Schematic of Figure 1) MIN TYP  MAX MIN TYP MAX UNITS
Oftset Error : ® +0.5 £0.5 LSB
Linearity Error {Notes 4 and 5) e +05 +05
Gain Error (Note 4) +0.1 +0.2 %FSR
. Commercial Range | @ +£0.15 +0.3
Military Range l® 0.2 +04
Total Unadjusted Error (Notes 4 and 6) £0.15 +0.25 %FSR
Commercial Range | ® 0.2 +0.35
Military Range ® +0.25 +0.45.
Full Scale Error Commercial Grade ) {Note 9) (Note 9)
Temperature Coefficient Military Grade ° 2 &5 ppmI°C
(Note 10)
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INTERNAL REFERENCE CHARACTERISTICS (note

LTC1095

#

LTC10958 LTC1085C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Qutput Voltage 5.000 5.000 v
Qutput Voltage Temperature 2 5 ppm/°C
Coefficient
Line Regulation T2V<V*t <10V 4 12 4 12 ppm/V
° 20 20
10V<V* <40V 2 6 2 6
) 10 10
Load Regulation 0<|lper qur| =10mA 10 25 10 pis] ppm/mA
(Sourcing Current) ° 40 40
Load Regulation OS“REF ouﬂ <10mA 60 150 60 150
{Sinking Current) ° 200 200
DIGITAL AND DC ELECTRICAL CHARACTERISTICS (Note3)
LTC1095B/LTC1095C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vi High Level Input Voltage Voo =5.25V ® 20 v
ViL Low Level Input Voltage Voo =4.75V ° 0.8 v
by High Level Input Current Vin=Vee ® 25 pA
Iy Low Level Input Current Vin=0v ® ~25 pA
Vou High Level Output Voltage Vec=4.75V, lo=10gA 4.1 v
lo=3604A ° 24 40 Vv
VoL Low Level Output Voltage Voo =4.75V, lg=1.6mA o 04 v
loz Hi-Z Output Leakage Vour = Ve, CS High ° 3 sA
Vour =0V, CS High o -3 pA
IsouRcE Qutput Source Current Vour=0V ~10 mA
[ Output Sink Current Vour=Vee 10 mA
lee Positive Supply Current CS High, REF* Open ] 1.0 25 mA
lREF IN Reference Input Current REF) =5V ® 05 10 mA
- Negative Supply Current CS High ° 1 50 A
I* On Chip Reference Current V+ =10V REFqyr Open ® 0.8 1.2 mA
Reference Input Resistance 10 kg
Analog and REF Input Range {Note7) (V") -0.05V to Voo + 0.05V v
On Channel Leakage On Channel =5V
Current (Note 8) Off Channel =0V ] 1 wA
On Channel =0V
Off Channel =5V o -1
Off Channel Leakage On Channel =5V : :
Current (Note 8) Off Channel =0V ® -1 pA
On Channel =0V
Off Channel =5V ® )|

LTUER
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LTC1095

AC CHARACTERISTICS (ote3)

. LTC1095B/LYC1095C

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
tompL Analog Input Sample Time See Operating Sequence 15 CLK Cycles
tcony Conversion Time See Operating Sequence 10 CLK Cycles
tano Delay Time, CLK! to Doy Data Valid See Parameter Measurement Section | ® 400 850 ns
| Delay Time, CSt to Doy Hi-Z See Parameter Measurement Section | ® 180 450 ns
ten Delay Time, CLKI to Doyr Enabled See Parameter Measurement Section | ® 160 450 ns
thoo Time Qutput Data Remains Valid After CLK!| 150 ns
i Doyt Fall Time See Parameter Measurement Section | @ 9 300 ns
t, Doyt Rise Time See Parameter Measurement Section | @ 60 300 ns
Cin Input Capacitance Analog Inputs On Channel 65 pF
Off Channel 5 pF

Digital Inputs 5 pF

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,
and REF ~ wired together (unless otherwise noted).

Note 3: Vo =5V, REF) = REFqyr, V* = 10V, lpgr our =0, V™ = OV for uni-
polar mode and - 5V for bipolar mode, CLK = 0.5MHz unless otherwise
specified. The @ indicates specs which apply over the full operating tem-
perature range; all other limits and typicals T, = 25°C.

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

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

Note 6: Total unadjusted error includes offset, full scale, linearity, multi-
plexer, reference 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 voitages one diode drop

below V™ or one diode drop above V. Be careful during testing at fow Vg
levels (4.5V), as high level reference or analog inputs (5V) can cause this in-
put 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 ex-
ceed 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 varia-
tions and loading.

Note 8: Channel leakage current is measured after the channel selection.
Note 9: For commercial grade parts with tested and specified T.C. consuit
the factory. '

Note 10: This is specified for both unipolar and bipolar modes via the
“box” method. The lowest of three readings (Tyn, Troom: Tuax) Subtracted
from the highest and divided by Tiyax— Tww is Quaranteed to be less than
the specified T.C. These numbers are guaranteed by the MIL range gain er-
ror test limits. For tighter T.C. specifications, consult the factory.

RECOMMENDED OPERATING CONDITIONS

LTC1095B/LTC1095C

SYMBOL PARAMETER CONDITIONS MIN MAX UNITS
Veo Supply Voltage 45 10 v
' Negative Supply Voltage Veo=5V -55 0 v
forx Clock Frequency Veo=5V 0.01 05 MHz
tove Total Cycle Time 18 CLK Cycles + 2us

thoi Hold Time, Dy After SCLK1 Vee=5V 150 ns
toS Setup Time CS! Before CLK! Vee=5V 1 uS
tsunt Setup Time, D;y Stable Before CLK! Vee=5V 400 ns
twHoLK CLK High Time Vcc =5V 0.8 us
twLoik CLK Low Time Veg=5V 1 us
twhs CS High Time Between Data Transfer Cycles Veo=5V 2 S
s CS Low Time During Data Transfer 18 CLK Cycles

O-A0
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LTC1095

TEST CIRCUITS

On and Off Channel Leakage Current
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Voltage Wavetorms for Doyt Delay Time, t4po

Load Circuit for tg;s and ten

TEST
POINT

3kQ

5V tgs WAVEFORM 2, teq

Load Circuit for t4po, tr, and t;

1.4v

3kQ

Dour TEST POINT

T 100pF

Voltage Waveforms for Doyt Rise and Fall Times, 1,, t;

Doyt

Voltage Waveforms for tg;s

Cs 4 ]£2.0V

Dour
WAVEFORM 1 “RI0%
(SEE NOTE 1)

tgis—=] =

Dour
WAVEFORM 2 0%

(SEENOTE 2)

NOTE 1: WAVEFORM 11S FOR AN QUTPUT WITH INTERNAL CONDITIONS SUCH THAT

Bour THE OUTPUT 1S HIGH UNLESS DISABLED BY THE OUTPUT CONTROL.
100pF L RM 1
’ | . 1 % WAVEFD NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT
= - THE OUTPUT IS LOW UNLESS DISABLED BY THE QUTPUT CONTROL.
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LTC1095

PIN FUNCTIONS

LTC1095# PIN FUNCTION DESCRIPTION
1-6 CHO-CH5 Analog Inputs The analog inputs must be free of noise with respect to AGND.
7 COoM 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.
8 DGND Digital Ground This is the ground for the internal logic. Tie to the ground plane.
9 v- Negative Supply Tie V- to most negative potential in the circuit. (Ground in single supply
applications.)
10 v+ Reference Supply Supply pin for on board reference.
1 REFqur Reference Output Output of on board reference.
12 AGND Analog Ground AGND should be tied directly to the analog ground plane.
13 REFyy Reference Input The reference input must be kept free of noise with respect to AGND.
14 Dy Data Input The A/D configuration word Is shifted into this input.
15 D Digital Data Output The A/D conversion result is shifted out of this output.
16 C%UT Chip Select Input Alogic low on this input enables the LTC1095.
17 ClK Shift Glock This clock synchronizes the serial data transfer.
18 Vee Positive Supply This supply must be kept free of noise and rippie by bypassing directly to the
analog ground plane.
TR ]}
Voo
l+s
LA
Dins b ] INPUT SHIFT OUTPUT SHIFT]_15
"‘ REGISTER REGISTER our
r
v
1 SAMPLE
CHO s
CHY =2 AND HOLD
CH2 =
CH3 ANALOG
CH4 5 INPUT 10-8IT
CHs—af  MUX SAR
7
COM memmmenee 10-BT
CAPACITIVE |«
DAC
| 8 | 9 I 13
DGND V- CONTROL
REFw AND  f—em
TIMING
10
v REFERENGE REFouT
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LTC1095

TYPICAL PERFORMANCE CHARACTERISTICS

Change in Offset Error vs
Temperature
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Maximum Clock Rate vs
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(AERROR =0.1LSB) REPRESENTS THE FREQUENCY AT WHICH A 0.1LSB SHIFT IN ANY CODE
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LTC1095

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1095

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1095

APPLICATIONS INFORMATION

The LTC1095 is a data acquisition component which con-
tains the following functional 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

6. On board reference

DIGITAL CONSIDERATIONS
1. Serial Interface

The LTC1095 communicates with microprocessors and
other external circuitry via a synchronous, half duplex,
four wire serial 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 sys-
tems. The LTC1095 first receives input data and then
transmits back the A/D conversion result (half duplex). Be-
cause of the half duplex operation, Dy and Doyt may be
tied together allowing transmission over just 3 wires: CS,
CLK and DATA (Dn/Dour).

Data transfer is initiated by a falling chip select (CS)
signal. After CS falls the LTC1095 looks for a start bit. Af-
ter the start bit is received, a 6-bit input word is shifted into
the Dy input which configures the LTC1095 and starts the
conversion. After one null bit, the result of the conversion
is output on the Doyr line. At the end of the data exchange
CS should be brought high. This resets the LTC1095 in
preparation for the next data exchange.

G | [ ]
Dy
ShIftMUX |yl sl .
Address in 4 )

1 Nuil Bit  Shift A/D Conversion
Result Qut

2. Input Data Word

The LTC1095 clocks data into the Dyy input on the rising
edge of the clock. The input data word is defined as follows:

Unjpolarl
LTC1095 Data Input @y Word: = PO/&"
SGL/|ODDI|SELECTISELECT
start| SALHODDYSELECTISELECT) -y | yspr
MUX Address MSB First/
LSB First

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 LTC1095 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.

9-66
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LTC1095

APPLICATIONS INFORMATION

Multiplexer (MUX) Address MUX ADDRESS SINGLE ENDED CHANNEL SELECTION
The bits of the input word following the START bit assign %%L‘FI 27%%’ ?ELECI; o{1]2|3|4]|5]com
the MUX configuration for the requested conversion. For a 1 0 lo o]+ -
given channel selection, the converter will measure the 1 0 [0 1 + -
voltage between the two channels indicated by the + and 1 0 {1 0 + -
~ signs in the selected row of the following tables. In sin- 1 0 4t 1 - NOTUSED
gle ended mode, all input channels are measured with re- 1] 1 10 0 * =
spect to COM. ' ’ LI S I ¥ -
1 K P
LTC1095 Channel Selection 1 111 T NOT USED
MUX ADDRESS DIFFERENTIAL CHANNEL SELECTION | MSB First/LSB First (MSBF)
SGL/ | oDD/ | SELECT :
DIFF { SIGN |1 0] 0 | 1 | 2|3 | 4]/sSs The output data of the LTC1095 is programmed for MSB
0 0 |0 0]+ |- first or LSB first sequence using the MSBF bit. When the
0 0 |0 1 + | - MSBF bit is a logical one, data will appear on the Doyr line
0 0 |1 0 t 1= in MSB first format. Logical zeros will be filled in indefi-
0 0o |1 1 NOTUSED nitely following the last data bit to accommodate longer
0 | T ]90 0}-1¢+ word lengths required by some microprocessors. When
g 1 . : =+ 11| theMSBF bitis alogical zero, LSB frst data willfoliow the
0 T NOTUSED normal MSB first data on the DOUT line. (See operating
sequence).

LTC1095 Operating Sequence
Example: Differential Inputs (CH4 +, CH5 - ), Unipolar Mode

MSB First Data (MSBF =1)

teve

&8 ) I |

START SEL1 UNI n

wZ L __T LT MSBF S Y,

SGL/ 00D/ SELO
yig DFF SN

Doyt I B9 Bt | 80 I FILLED WITH ZEROES Ar—HFZ—

CLK

-

tsmpL 1cony

LSB First Data (MSBF =0)

) —

START SEL1 UNI

SGL/ 0DD/ SELO

g D SEN , _
Dout ) B | B0 | 81 B9 il
FILLED
| WITH ZEROES
toMpL tconv 1
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Unipolar/Bipolar (UNI)

Bipolar Output Code (UNI =0)

The UNI bit of the LTC1095 determines whether the conver- S PUT CODE ’ NPUTVOLTAGE INPRUETFVO_L;AGE
sion will be unipolar or bipolar. When UNI is a logical one, a T 1(1’ E SEF—1LSB ‘ ; gg‘ogvv’
unipolar conversion will be performed on the selected input 0111111110 REF - 2LSB 4,980V
voltage. When UNI is a logical zero, a bipolar conversion will . o« .
result. The input span and code assignment for each con- T : :
version type are shown in the figures below. 0000000001 1LSB 0.0098v
, , 0000000000 ov oV
Unipolar Ou = 1111111111 ~1LSB -0.0098V
polar Output Code (UNI=1) 1111111110 -2LSB -0.0195V
INPUT VOLTAGE : : .
OUTPUT CODE INPUT VOLTAGE (REFy =5V) g . .
IARRRRRARY REFy - 1LSB 49951V 1000000001 ~(REF )+ 1LSB -49902V
1111111110 REFy-2LSB 49902V 1000000000 —(REF\) —5.000V
. V [ [ ] .
0000000001 1LSB 0.0049V
0000000000 ov ov
Unipolar Transfer Curve (UNI = 1)
A
IRRRRRRRREE e ey
1111113110~~~ — = mm e o b
R
1 oo
| ' 1
00000000014 ! Yo
0000000000 —i ——t———Vy
v 1LSB REFIN-2LSB! REFiy
REFm'—TLSB
Bipolar Transfer Curve (UN! =0)
. 3
01111111114
61111111104 E i
—REFy+1L5B 0000000001 | i i i
_AEFy | 0000000000 ool
i l

!
t
}
T
'
t
:
1
1
|
1
1

T
4
[}
|
[}
|
i
[}
}
|
|
|

Il

THi11111111
T1111111110

1000000001
1000000000

REFyy—2LSB
|

1
REFy—1LSB

REFly
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3. Accommodating Microprocessors with Different Word
Lengths

The LTC1095 will fill zeroes indefinitely after the transmit-
ted data until CS is brought high. At that time the Doyr 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., SPl and MICROWIRE/PLUS).

Figure 1 shows examples of LTC1095 input and output
words for 4-bit and 8-bit processors. A complete data ex-
change 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 zeroes automatically filled in
the unused low order bits by the LTC1095. In section 5 an-
other example is given using the MC68HC05C4 which
positions data right justified inside the MPU. '

s

4. Operation with Diy and Doyt Tied Together

The LTC1095 can be operated with Djy and Doyr tied to-
gether. 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 LTC1095 will take control of the data line
and drive it low on the 7th 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
LTC1095 with Dyy and Doy tied together to the Intel 8051
MPU.

START

I Issulooo/
Diy 5F Isiov S | S0 Ium MSBF% esn

© Hi- |_|l—'|[_"‘|r—||—'|
Doyt z Ba | Bafse7|esfBs Ba|B3fB2]Bt]B0

FILL ZEROES r
START . ~
MPU SENDS S6L7 0007 -
2Dy WORDS r‘ DIFE_SIGN 51”80 UNI MSBF X | X=DON'T CARE

4-8I7
TRANSFERS

MPU READS BACK
| 3Dgur WORDS

START

MPU SENDS r 1
1Dy WORD

SGL/ 0DD/

Wlﬂ@_" St SO UNI MSBF XI

8-8IT
TRANSFERS

[89 B8 87 BG”E B4 B3 BZ”TN B0 0 Ol

MPU READS BACK
| 2Dgyr WORDS

IBQB&WBGBSBQBSBZI[NWOOOOOO]

Figure 1. LTC1095 Input and Output Word Arrangments for 4-Bit and 8-Bit Serial Port Microprocessors

LYW
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MSBF BIT
LATCHED
BY LTC1095
& |
1 2 3 4 5 6 7
CLK 3 y N F 3 F 3 7 § A 7 v
|
' S6L/  0DD/
DATA (Din/Doy) stRt \gie  sin/ St ) uv - user P 89 B8 (o
MPU CONTROLS | LTC1095 CONTROLS
DATA LINE AND SENDS | DATA LINE AND SENDS
MUX ADDRESS TO LTC1005 L A/D RESULT BACK TO MPU
[
PROCESSOR | |
MUSTRELEASE 't 1 | 11095 TAKES CONTROL OF DATA LINE
DATA LINE AFTER 7TH — sy
RISING CLK AND BEFORE ON 7TH FALLING CLK
THE 7TH FALLING CLK

Figure 2. LTC1095 Operation with Dy and Doyt Tied Together

5. Microprocessor Interfaces

The LTC1095 can interface directly (without external hard-
ware) to most popular microprocessor (MPU) synchronous
serial formats (see Table 1). If an MPU without a dedicated
serial port is used, then 3 or 4 of the MPU’s parallel port
lines can be programmed to form the serial link to the
LTC1095. Included here are one serial interface example
and one example showing a parallel port programmed to /
form the serial interface.

Motorola SPI (MCBSHCO5C4, MCSSHC 1)

The MC68HC05C4 has been chosen as an example of an
MPU with a dedicated serial port. This MPU transfers data
MSB first and in 8-bit increments. With three 8-bit trans-
fers, the AID result is read into the MPU. The first 8-bit
transfer sends the start bit and the SGL/DIFF bit of the Diy
word to the LTC1095. The second 8-bit transfer clocks the
remaining Dy word bits, and B9 and B8 of the A/D conver-
sion result. The third transfer clocks the remaining Doyt
bits into the uP.

ANDing the most significant byte with 03 Hex clears the 6
most significant bits. Notice how the position of the start
bit in the first MPU transmit word is used to position the
AID result right justified in two memory locations.

9-70

Table 1. Microprocessors with Hardware Serial
Interfaces Compatible with the LTC1095

PART NUMBER | TYPE OF INTERFACE

Motorola
MC6805S2, S3 SPI
MC68HC11 SPI
MC68HCO05 SPI

.| RCA

CDPEBHCO5 | spi

Hitachi

" HD6305 SCI Synchronous
HDE3705 SCl Synchronous
HD6301 SCl Synchronous
HD63701 SCI Synchronous
HD6303 SCl Synchronous
HDB4180 Csiio

National Semiconductor
COP400 Family MICROWIRE{t
COP800 Family MICROWIRE/PLUST
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
TMS320C25* Serial Port

*Requires external hardware
+MICROWIRE and MICROWIRE/PLUS are trademarks

—

of National Semiconductor Corp.
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Data Exchange Between LTC1095 and MC68HC05C4

BYTE 1 START BYTE 2 BYTE 3 (DUMMY)
ot (L[ [ B 5] o]
X=DON'T CARE
s ] [
START
«____ TUunn_ e e
Doyt B9 | B8 B7|BofBS| BaY B3] B2]B1]BO -
8YTE1 BYTE 2
RECENED wary :rl?l?]?l?lolsslss s7|sslas|m[aa|sz]m]m
1ST TRANSFER 2ND TRANSFER
Hardware and Software Interface to Motorola MC68HC05C4 LABEL | MNEMONIC COMMENTS
Microcontroller START | BCLRn Bit 0 Port C goes low (CS goes low)
LDA Load LTC1095 Dyy word into Acc.
STA Load LTG1095 Dyy word into SPi from Acc.
LTC1095 MC68HCO5C4 Transfer begins.
co TST Test status of SPIF
BPL Loop to previous instruction if not done
ANALOG SCK with transfer
INPUTS LDA Load next LTC1095 Dyy word into Acc.
Mos! STA Load LTC1095 Dy, word into SPI from Acc.
- Transfer begins.
=+ MISO ST Test status of SPIF
BPL Loop to previous instruction if not done
with transfer
LDA Load contents of SPI data register
i into Acc. (Dgyr MSBs)
Doyr from LTC1095 stored in MC68HC05C4 RAM STA Start ned Shcycle
: AND Clear 6 MSBs of first Doyp word
MSB STA Store in memory location A (MSBs)
: TST Test status of SPIF
Location A 000000 B9 BB byte 1 BPL Loop to previous instruction if not done
LSB withtransfer
\ BSETn Set B0 of Port C (CS goes high)
LocationA+1 |B7 B6 B5 B4 B3 B2 B1 BO| byte? LDA Load contents of SPI data register into
Acc. (Doyr LSBS)
STA Store in memory location A + 1 (LSBs)
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Interfacing to the Parallel Port of the Intel 8051 Family LABEL | MNEMONIC | OPERAND | COMMENTS
. MOV A, #FFH Dy word for LTC1095
The Intel 8051 has been chosen to demonstrate the inter- SETB P1.4 M‘;ke sure CS s high
face between the LTC1095 and parallel port microproc- CLR P1.4 CS goes low
o . Load count
essors. Normally the CS, CLK and Dy signals would be LOOP1 QLO(}’ 24’#07 R?,?at:%’,: f,'t intoCarry
generated on 3 port lines and the Doyr signal read on a 4th _ CLR P13 CLK goes low
port line. This works very well. However, we will demon- MOV P1.2,C Output D bitto
strate here an interface with the Dy and Doyt of the SETB P13 CLX goes high
LTC1 i ihed i ion 4. Thi DINZ R4, LOOP1 | Nextbit .
095 tle_d together as described in sectio This iy iy B 2 besomes aninput
saves one wire. - CLR P13 CLK goes low
. . MOV R4, 409 Load counter
The 8051 first sends the start bit and MUX address tothe | Loor | mov C,P12 Read databit into Carry
LTC1095 over the data line connected to P1.2. Then P1.2is gt-(r:a 31 . gttKate daf;,b;: into Acc.
reconfigured as an input (by writing to it a one) and the oIR P13 GLK goes low
8051 reads back the 10-bit A/D result over the same data . DINZ R4, LOOP Next bit
line MOV R2,A Store MSBs in R2
) MoV C,P1.2 Read data bit into Canry
: SETB P13 » | CLKgoeshigh
Hardware and Software Interface to 8051 Microcontroller CLR P13 CLK goes low
CLR A Clear Acc.
RLC A Rotate data bit from
P1.4 Carryto Acc.
ANALOG LK P13 gosg MOV C, P12 Read data bit into Carry
INPUTS il P1.2 RRC A Rotate right into Acc.
i Py — : RRC - A Rotate right into Acc.
MUX ADDRESS MOV R3,A Store LSBs in R
A/D RESULT SETB P14 CS goes high
Dour from LTC1095 stored in 8051 RAM —
MSB
R2 B9 B8 B7 B6 B5 B4 B3 B2
LISB ‘

R3 B1BO 00 000 O

Data Exchange Between LTC1095 and 8051

MSBF BIT LATCHED .
&\ INTO LTC1085 _ /
1
1 2 3 4 5 6 L7 .
L)
(]
'
6L/ ODD/

DATA (D\n/Doyt) START \BiEF  SiGN, 51 S0 UNI  MSBF

|89I88I87I86|B5|B4I83152|a1leo

LTC1095 SENDS A/D RESULT
BACK TO 8051 P1.2

N

\

7

8051 P1.2 QUTPUTS DATA
T0 LTC1095

8051 P1.2 RECONFIGURED
AS AN INPUT AFTER THE 7TH RISING —{ +—LTC1095 TAKES CONTROL OF DATA
CLK AND BEFORE THE 7TH FALLING CLK LINE ON 7TH FALLING GLK
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3 WIRE SERIAL
—p INTERFACE TO OTHER

r
2 1 0
OUTPUT PORT 3
SERIAL DATA =t
k] iy
MPU 4 4

iy PERIPHERALS OR LTC1095s
4

6 CHANNELS

6 CHANNELS

6 CHANNELS

Figure 3. Several LTC1095s Sharing One 3 Wire Serial Interface

Sharing the Serial Interface

The LTC1095 can share the same 2 or 3 wire serial inter-
face with other peripheral components or other LTC1095s
(see Figure 3). In this case, the CS signals decide which
LTC1095 is being addressed by the MPU.

ANALOG CONSIDERATIONS
1. Grounding

The LTC1095 should be used with an analog ground plane
and single point grounding techniques.

The AGND pin should be tied directly to this ground plane.

The DGND pin of the LTC1095 can also be tied directly to
this ground plane because ‘minimal digital noise is
generated within the chip itself.

The Vg pin should be bypassed to the ground plane with
a 4.7yF tantalum with leads as short as possible. The V-
pin should be bypassed with a 0.1xF ceramic disk. For sin-
gle supply applications, V= can be tied to the ground
plane.

It is also recommended that the COM pin be tied directly
to the ground plane. All analog inputs should be refer-
enced 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 LTGC1095 ground
plane design for a two 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.

Figure 4. Example Ground Plane for the LTC1085

LT \IER
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2. Bypassing

For good performance, Vo must be free of noise and rip-
ple. Any changes in the Vg voltage with respect to analog
ground during a conversion cycle can induce errors or
noise in the output code. Vg noise and ripple can be kept
below 1mV by bypassing the V¢ pin directly to the analog
ground plane with a 4.7,F tantalum with leads as short as
possible. Figures 5 and 6 show the effects of good and
poor Ve bypassing.

3. Analog Inputs

Because of the capacitive redistribution A/D conversion
techniques used, the analog inputs of the LTC1095 have
capacitive switching input current spikes. These current
spikes settle quickly and do not cause a problem. How-
ever, if large source resistances are used or if slow set-
tling op amps drive the inputs, care must be taken to
insure that the transients caused by the current spikes
settle completely before the conversion begins.

Source Resistance

The analog inputs of the LTC1095 look like a 60pF capaci-
tor (Cin) in series with a 5000 resistor (Ron) as shown in
Figure 7. Cyy gets switched between the selected “ + ” and

“~" inputs once during each conversion cycle. Large ex-

ternal source resistances 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 (tsmpL, 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 Rsource* and C1 will im-
prove the input settling time. If large ““ +” input source re-

sistance must be used, the sample time can be increased
by using a slower CLK frequency. With the minimum
possible sample time of 3s, Rsounce* <2k and C1<20pF
will provide adequate settling.

VERTICAL: 0.5mV/DIV

HORIZONTAL: 10ps/DIV

Figure 5. Poor V¢ Bypassing. Noise and Ripple Can Cause
AID Errors.

VERTICAL: 0.5mV/DIV

HORIZONTAL: 10us/DIV

Figure 6. Good V¢ Bypassing Keeps Noise and Ripple On Ve
Below imV .

Figure 7. Analog Input Equivalent Circuit
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SAMPLE HOLD
“ 4" INPUT MUST
le— SETTLE DURING —
THIS TiME
S\ A tsmpL toonv
CLK 1 2 | 38 7Y 8
Div / stAr X %“3—#—‘{ X UNI X MSBF Wmnwm%
Dout —— z 89
1ST BIT TEST
" INPUT
MUST SETTLE
DURING THIS TIME
"4 INPUT r

* =" INPUT

Figure 8. “+" and “ - Input Settling Windows

“a Inpiﬁ Settling

At the 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 af-
fect the conversion result. However, it is critical that the
“~" input voltage settle completely during the first CLK
cycle of the conversion time and be free of noise. Minimiz-
ing Rsoyrce~ and C2 will improve settling time. If large
“~" input source resistance must be used, the time al-
lowed for settling can be extended by using a slower CLK
frequency. At the maximum CLK rate of 500kHz
Rsource™ <1k2 and C2<20pF will provide adequate
settling.

Input Op Amps

When driving the analog inputs with an op amp it is im-
portant that the op amp settle within the allowed time (see
Figure 8). Again, the “+"” and *-" input sampling times
can be extended as described above 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 2us (“ - " input) which occur at the maximum clock rate
of 500kHz. Figures 9 and 10 show examples of adequate
and poor op amp settling.

LT
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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., 1xF), the
capacitive input switching currents are averaged into a
net DC current. Therefore, a filter should be chosen with a
small resistor and large capacitor to prevent DC drops
across the resistor. The magnitude of the DC current is ap-

proximately Ipc=60pF x Vin/teye and is roughly propor-

tional to Viy. When running at the minimum cycle time of
38ys, the input current equals 8xA at Vi =5V. In this case,
afilter resistor of 500 will cause 0.1LSB of full-scale error.
If a larger filter resistor must be used, errors can be elim-
inated by increasing 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 gets too large. For instance, the maximum in-
put leakage specification of 14A (at 126°C) flowing
through a source resistance of 1k will cause a voltage
drop of 1mV or 0.2LSB. This error will be much reduced
at lower temperatures because leakage drops rapidly
(see typical curve of Input Channel Leakage Current vs
Temperature).

4. Sample and Hold
Single Ended Inputs

The LTG1095 provides a built-in sample and hold (S&H)
" function for 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 tsmpr 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 bit is
received. On this falling edge, the S&H goes into hold
mode and the conversion begins.

Ry

VERTICAL: SmV/DIV

" HORIZONTAL: 1ps/DIV

Figure 9. Adequate Settling of Op Amp Driving Analog Input

VERTICAL: 5mv/DIV

HQRIZONTAL: 20us/DIV

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

{ .
Reter _E.
Vin

Figure 11. RC Input Filtering
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Differential Inputs

With differential inputs, the AID no longer converts just a
single voltage but rather the difference between two volt-
ages. In this case, the voltage on the selected ““ + ” input is
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 constant and be
free of noise and ripple throughout the conversion time.
Otherwise, the differencing operation may not be per-
formed 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 volt-
age on the “ - " input this error would be:

VERROR (MAX) = VPEAK X 2x X f(“ =) X 100fcLk | |

Where f(*~") is the frequency of the “~" input voltage,
Vpeak is its peak amplitude and fgk is the frequency of
the CLK. In most cases VerpoR Will not be significant. For
a 60Hz signal on the ““ ~ " input to generate a 1/4LSB error
(1.26mV) with the converter running at CLK = 500kHz, its
peak value would have to be 150mV.

5. Intemal Reference

The LTC1095 contains an internal precision 5V buried
zener reference which is capable of supplying the full
scale reference for the converter when connected as
- shown in Figure 15. With its 10mA output current the refer-
ence can also power the A/D and other external circuitry to
provide a TTL input/TTL output system running off a single
7.2V-40V supply (see Figure 16).

6. Reference Input

The voltage on the reference input of the LTC1095 defines
the voltage span of the A/D converter. The reference input
looks primarily like a 10kQ resistor to ground but will have
transient capacitive switching currents due to the
switched capacitor conversion technique (see Figure 12).

Ya liv

During each bit test of the conversion (every CLK cycle), a
capacitive current spike will be generated on the reference
pin by the AID. These current spikes settle quickly and do
not cause a problem. However, if slow settling circuitry is
used to drive the reference input, care must be taken to en-
sure that transients caused by these current spikes settle
completely during each bit test of the conversion.

Figure 12. Reference Input Equivalent Circuit

VERTICAL: 0.5mV/DIV

HORIZONTAL: 1us/DIV

- Figure 13. Adequate Reference Settling

VERTICAL: 0.5mV/DIV

HORIZONTAL: 1ps/DIV

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

O-77



LTC1095

APPLICATIONS INFORMATION

When driving the reference |nput three things should be
kept in mind:

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

2. Transients on the reference input caused by the capaci-
tive 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 2us bit time.

3. It is recommended that REFjy be tied to REFqyr as
shown in Figure 15.

AGND
REF gyt
12
I 10uF

Figure 15. Suggested Circuit for REFyy Tied to REFgyr

6
ANALOG {
CHANNELS

— 7.2V 70 40V

Figure 16. LTC1095 Single Supply Operation

7. Reduced Reference Operation

The LTC1095 can operate with reference voltages below
1V, by dividing down the 5V reference output voltage as
shown in Figure 17.

The effective resolution of the LTG1095 will be increased by
reducing the input span of the converter. The LTG1095 ex-
hibits good linearity and gain over a wide 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 Vrer N because of the reduced
LSB step size and the resulting higher accuracy require-
ment placed on the converter. The following factors must be
considered when operating at low Vreg  values.

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

Offset with Reduced Reference Voltages

The offset of the LTC1095 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) be-
comes 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

]
10kQ
10.2kQ

R2
10k
2.55k

VRer N
2.5V
1.000

Vagr N =202
R1+R2
0.2V <Vpep iy <5V

7.2V T0 40V

Figure 17. Operating LTC1095 on Reduced Reference Voltage
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Vos of 0.5mV which is 0.1LSB with a 5V reference be-
comes 0.5LSB with a 1V reference and 2.5LSBs with a 0.2V
reference. If this offset is unacceptable, it can be cor-
rected digitally by the receiving system or by offsetting
the “ - input to the LTC1095.

Noise with Reduced Reference Voltages

The total input referred noise of the LTC1095 can be re-
duced to approximately 200xV peak-to-peak using a
ground plane, good bypassing, good layout techniques
and minimizing noise on the reference input. 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

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 2004V noise
becomes equal to one LSB and a stable code may be diffi-
cult to achieve. In this case, averaging readings may be
necessary.

This noise data was taken in a very clean setup. Any setup
induced noise (noise or ripple on: Vg, REF, Vinor V™)
will add to the internal noise. The lower the reference volt-
age to be used, the more critical it becomes to have a
clean, noise-free setup.

Conversion Speed with Reduced Reference Voltages

shows the LSB contribution of this 200,V of noise. With reduced reference voltages, the LSB step size is re-

duced and the LTC1095 internal comparator overdrive is
reduced. Therefore, it may be necessary to reduce the
maximum CLK frequency when low reference voltages are

For operation with a 5V reference, the 200,V noise is only
0.04LSB peak-to-peak. In this case, the LTC1095 noise will
contribute virtually no uncertainty to the output code.

However, for reduced references, the noise may cause
undesirable jitter in the output code. For example, with a

used.

TYPICAL APPLICATION

Micropower, 500V Opto Isolated, Multichannel, 10-Bit Data Acquisition System

v
10k
2N3906

10k

51k

4N28s

i

2N3906

1500
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. | 10k
104F* 51k 1500 SCK
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3w
LTC1095 sy
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C i 3 51k 1500 o
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LTC1095

TYPICAL APPLICATIONS

68HCO05 Code Communicates with LTC1095 through
Opto-Isolators

PHCHHGE DGSC"“PT'O" Dimensions in inches (millimeters) unless otherwise noted.

J Package N Package
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LABEL MNEMONIC | OPERAND | COMMENTS LABEL MNEMONIC | OPERAND | COMMENTS
ORG $100 T4 DECA - Decrement Acc.
CLRX Clear X register BNE T4 _
LDA #31F CHO START1 BCLR 0,302 CO(CS) goes low
STA $50 CHO address LDA #3503 Dy prefix start and SGL
LDA #39F CH1 STA $0C . Start transfer
STA $51 CH1 address TEST2 TST $0B Test if done
LDA #$3F CH2 BPL TEST2 If not try again
STA $52 CH2 address LDA $50,X Put Dy word in Ace.
LDA #$BF CH3 STA $0C . Start transfer
STA $53 CH3 address TEST TST $0B Test if done
LDA #35F CH4 BPL TEST If not try again
STA $54 CH4 address LDA #0C Load MSBsfa Acc. -
LDA #3DF CH5 STA $60,X Store MSBs in $60 + X
STA $55 CH5 address SKIP LDA #3FF Insure 1's output last
LDA #$53 Data for SPCR STA $0C Start next transfer
STA $0A Load datainto SPCR TEST1 TST $0B Test if done
LDA #$FF Data for DDR BPL TEST1 . If not try again
STA $06 Configure PORT C DDR BSET 0,$02 C0(CS) goes high
START BCLR 1,$02 C1(PWROFF)goes low LDA $0C Put LSBs in Acc.
LDA #3FF Load counter STA $70,X PutLSBsin $70 +x
T DECA Decrement Acc. SKIP1 INCX Increment X register
BNE T : CPX #306 Check if done
LDA #3FF Load counter BNE START1
T2 DECA Decrement Acc. BSET 1,$02 SetC1(PWR OFF)
BNE T2 CLRX - Reset counter
LDA #SFF Load counter JMP Start next loop
T3 DECA Decrement Acc.
BNE T3
LDA #3FF Load counter
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