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FEATURES

& Single Supply 3.3V or £3.3V Operation
® Software Programmabie Features:
Unipolar/Bipolar Conversions
4 Differential/8 Single-Ended Inputs
MSB- or LSB-First Data Sequence
Variable Data Word Length
® Built-In Sample-and-Hold
s Direct 4-Wire Interface to Most MPU Serial Ports
and all MPU Parallel Ports
® 15kHz Maximum Throughput Rate

KEY SPECIFICATIONS

Minimum Guaranteed Supply Voltage: 3V
Resolution: 10 Bits

Offset Error; £0.5LSB Max

Linearity Error: £0.5LSB Max

® (ain Error (LTC1283A): +1LSB Max

® Conversion Time: 44us

& Supply Current: 350uA Max, 150uA Typ

LTC 1283

3V Single Chip 10-Bit Data
Acquisition System

DESCRIPTION

The LTC1283 is a 3V data acquisition component which
contains a serial I/0 successive approximation A/D con-
verter. It uses LTCMOS™ switched capacitor technology
to perform either 10-bit unipolar, or 9-bit plus sign bhipolar
A/D conversions. The 8-channel input multiplexer can be
configured for either single-ended or differential inputs (or
combinations thereof). An on-chip sample-and-hold is
included for all single-ended input channels.

The serial 1/0 is designed to be compatible with industry-
standard full-duplex serial interfaces. itallows either MSB-
or LSB-first data and automatically provides 2's comple-
ment output coding in the bipolar mode. The output data
word can be programmed for a length of 8-, 10-, 12-, or
16-bit. This allows easy interface to shift registers and a
variety of processors.

Both the LTC1283A and LTC1283 are specified with offset
and linearity errors less than £0.5LSB. The LTC1283A has
a gain error limit of £1LSB. The 1283 is specified with a
gain error limit of £2LSB for applications where gain is
adjustable or less critcial.

LTCMOS is a trademark of Linear Technology Corp.
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LTC1283

ABSOLUTE MAXIMUM RATINGS (notes 1 and 2)

Supply Voltage (Veg) to GND or V™o, 12V Negative Supply Voltage (V=) ...oeeene.... -6V to GND
Voltage Power DisSipation .......cccowceovvrevnnreinnieisrierennn 500mwW
Analog and Reference Operating Temperature
IPULS oo (V=) =0.3V to Vg + 0.3V LTC1283AC, LTC1283C wvvvvveeeevern. 0°C to 70°C
Digital INPUtS .....ocovvreiriiiiiiiieeeiie -0.3Vto 12V  Storage Temperature Range ................. -65°C to 150°C
Digital Qutputs .....cccoevvrvererennn. -0.3Vto Vg + 0.3V Lead Temperature (Soldering, 10 sec)................. 300°C
PACKAGE/ORDER INFORMATION
TOP\‘TW ORDER PART mi_"fw ORDER PART
cHo (1] 20] vec NUMBER cHo [1] [20] vee NUMBER
cHr 2] [19] ACLK cH1 [2] [19] ACLk
cHz [3] 18] scu LTC1283ACN ohe 3] 78] scL LTC1283ACS
cn 4] 17] O LTC1283CN che [4] 7] 0w LTC1283CS
cHa 8] [16] Dour cHs [5] [16] Dour
cHs (6] [15] ¢S o5 [6] [15) 3
ce [7] [14] REF* cHs [7] 4] ReF*
cH7 [8] 73] REF- cH7 8] [13] REF™
com 9] 12] v- com 9] [12] v-
DGND [10) [11] AGND DGND [10] [11] AGND
N PACKAGE S PACKAGE
20-LEAD PLASTIC DIP 20-LEAD PLASTIC SOL
Ty max = 150°C, B34 = 100°C/W T wax = 150°C. B = 130°C/W
Consult factory for Industrial and Military grade parts
RECOMMENDED OPERATING CONDITIONS
LTC1283/LTC1283A
SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX UNITS
Vee Positive Supply Voltage V- =0V 3.0 3.6 v
A Negative Supply Voltage Vee = 3.3V -36 0 v
fsoLx Shitt Clock Frequency Voo =3V 0 500 kHz
facLk A/D Clock Frequency Vee = 3V
Ta<25°C 0.01 1.00 MHz
Ta<70°C 0.05 1.00 MHz
teve Total Cycle Time See Operating Sequence 10 SCLK + Cycles
48 ACLK
ths Hold Time, CS Low After Last SCLK. Voo = 3V 0 ns
thol Hold Time, D After SCLKT Veg = 3V 200 ns
tsuCS Setup Time CS1 Before Clocking in First Address Bit (Note 8) Vee = 3V 2 ACLI? Cycles
+1us
tsudl Setup Time, Din Stable Before SCLKT Vee = 3V 400 ns
twHacLk | ACLK High Time Voo =3V 250 ns
TWLACLK ACLK Low Time Voo =3V 400 ns
tWHCS CS High Time During Conversion Veo=3V 44 ACLK
Cycles
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LTC1283

CONVERTER AND MULTIPLEXER CHARACTERISTICS (Note 3)

LTC1283A LTC1283
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Offset Error (Note 4) ) +0.5 +0.5 LSB
Linearity Error (Notes 4 and 5) [ 05 +05 LS8
Gain Error (Note 4) ) +1.0 +2.0 LSB
Minimum Resolution for Which No ) 10 10 Bits
Missing Codes are Guaranteed
Reference Input Resistance 10 10 kQ
Analog and REF fnput Range (Note 6) (V™) - 0.05V to Vg + 0.05V v
On Channel Leakage Current On Channel = 3V ) 1 1 pA
(Note 7) Off Channel = QV
On Channel = 0V ) -1 -1 pA
Off Channel = 3V
0ff Channel Leakage Current On Channel = 3V ] -1 -1 pA
(Note 7) 0Off Channel = OV
On Channe! = OV ° 1 1 uA
0Off Channel = 3V
AC CHARACTERISTICS (note 3)
LTC1283/LTC1283A
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
tace Delay Time From GS to Dgyy Data Valid (Note 8) 2 ACLK Cycles
tsmpL Analog Input Sample Time See Operating Sequence 5 SCLK Cycles
toony Conversion Time See Operating Sequence 44 ACLK Cycles
tano Delay Time, SCLKJ to Doy Data Valid See Test Gircuts ] 400 900 ns
tais Delay Time, ST to Dout Hi-Z See Test Circuits 240 500 ns
ten Delay Time, 2nd CLKJ to Doyt Enabled See Test Circuits 300 800 ns
thoo Time Qutput Data Remains Valid After SCLKJ. 75 ns
t Doy Fall Time See Test Circuits ® 90 300 ns
ty Doyt Rise Time See Test Circuits ° 80 300 ns
Cin Input Capacitance Analog Inputs On Channel 65 pF
Off Channel 5 pF
LDigitaI Inputs 5 of
DIGITAL AND DC ELECTRICAL CHARACTERISTICS (note 3)
LTC1283/LTC1283A
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Viy High Level Input Voltage Voo = 3.6V o| 17 v
Vi Low Leve! input Voltage Voo =3V ) 045 v
M High Level Input Current Vin= Ve ) 25 pA
m Low Level Input Current Vn=0v ] ~25 yA
Vou High Leve! Qutput Voltage Vgg = 3V, lg=—-20pA 26 28 v
lg = -200pA e| 20 v
Voo Low Level Qutput Voltage Voo =3V, lg = 20pA 0.05 v
Ig = 400uA ® 0.10 0.30 v
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LTC1283

DIGITAL AND DC ELECTRICAL CHARACTERISTICS (Note 3)

LTC1283/LTC1283A

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
loz Hi-Z Output Leakage Vour = Ve, CS High 'Y 3 pA

Vgt = OV, CS High . -3 pA
ISOURCE Output Source Current Vour = 0V -45 mA
IsINK Output Sink Current Vout = Vee 45 mA
lee Positive Supply Current CS High, REF* Open [ 150 350 vA
IReF Reference Current VRer = 2.5V ® 250 500 uA
I- Negative Supply Current CS High, V==-3v . -1 -50 pA

The @ denotes specifications which apply over the operating temperature
range; all other limits and typicals Ta = 25°C.

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: Veg = 3V, VRer* = 2.5V, VRer™ = OV, V™ = OV for unipolar mode
and —3V for bipalar mode, ACLK = 1MHz, SCLK = 0.25MHz unless
otherwise specified.

Note 4: These specifications apply for both unipolar and bipolar modes. In
bipolar mode, one LSB is equal to the bipolar input span (2Vrer) divided
by 1024. For example, when VRer = 2.5V, 1LSB (bipolar) = 2(2.5V)/1024 =
4.88mv.

Note 5: Linearity error is the deviation from ideal of the slope between the
two end points of the transfer curve.

Note 6: 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 Vcc. Be careful during testing at low
Ve levels, as high level reference or analog inputs 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.
Note 7: Channel leakage current is measured after the channel selection.
Note 8: To minimize errors caused by noise at the chip select input, the
internal circuitry waits for two ACLK falling edges after a chip select falling
edge is detected before responding to control input signals. Therefore, no
attempt should be made to clock an address in or data out until the
minimum chip select setup time has elapsed.

TYPICAL PERFORMANCE CHARACTERISTICS

Unadjusted Offset Error
Supply Current vs Temperature Reference Current vs Temperature vs Reference Voltage
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LTC1283

TYPICAL PERFORMANCE CHRRACTERISTICS

Change in Full-Scale Error
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LTC
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TYPICAL PERFORMANCE CHARACTERISTICS

Sample-and-Hold Acquisition

Input Channel Leakage Current

Noise Error

Time vs Source Resistance vs Temperature vs Reference Voltage
10 —— 1000 : 12

9 Vee=3V T Veo =3V 1 / Veo =3V
% 8l Vege=25v = VRer = 2.5V GUARANTEED ~ 1 ACLK = 500kHz
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LTC1283+ 613 u‘cmaaﬂ;u 1101283615
# PIN FUNCTION DESCRIPTION
1-8 CHO-CH7 Analog Inputs The analog inputs must be free of noise with respect to AGND.
] COM 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.

10 DGND Digital Ground This is the ground for the internal logic. Tie to the ground plane.
i AGND Analog Ground AGND should be tied directly to the analog ground plane.
12 V- Negative Supply Tie V™ to most negative potential in the circuit. (Ground in single supply applications.)
13,14 | REF~, REF* Reference Inputs The reference inputs must be kept free of noise with respect to AGND.
15 CS Chip Select Input A logic low on this input enables data transfer.
16 Doyt Digital Data Qutput The A/D conversion result is shifted out of this output.
17 Din Data Input The A/D configuration word is shifted into this input.
18 SCLK Shift Clock This clock synchronizes the serial data transfer.
19 ACLK A/D Conversion Clock This clock controls the A/D conversion process.
20 Vee Paositive Supply This supply must be kept free of noise and ripple by bypassing directly to the analog

ground plane.

BLOCK DIRGRAM

Veo

O

CHO
CH1
CH2
CH3
CH4
CH5
CHe
CH?
oM

SCLK
] T
INPUT ouTPUT 1
SHIFT SHIFT Bour
REGISTER REGISTER
! I
=] SAMPLE-
2 L—— anp-
3] HOLD
2 ALOG
=~ ana
S ivpuT MUx 10-BIT
3 SAR
T 10-817
. CAPACITVE  |&=
8] DAC
9
] — 2 ack
CONTROL 15 _
|10 |11 12 13 1 AND s
DGND  AGND v REF" REF* TIMING .
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LTC 1283

TEST CIRCUITS

On and Off Channel Leakage Current Voitage Waveforms for Doyt Delay Time, tgpg
3V \
! SCl
] H lon LK L o6y
: A QN CHANNEL topo
)
< ! T\ f" 20V
Dour
Y . T 0.6V
CHANNELS 1101283 T2
’
47 POLARITY
'l LTC1283 TCO1
Load Circuit for gpo, by, tf and tgp Voitage Waveform for Dgyr Rise and Fall Times, t, and {
B —— 20v
* Dour /
7 ——---—- 0.6V
Dout TEST POINT
t | t
T 100pF LTC1283 1003
- LTC1283 006
Load Circuit for i3;g
TEST POINT
% 3V WAVEFORM 2
Doyt
1009 o__l_ WAVEFORM 1
= = LTC+283 TCOS
Voitage Waveforms for tgp, and tgis
JSUererr L
ACLK
(53 QSSS§ 2.0V
Dour 2.0V 90%
WAVEFORM 1 8 o
(SEENOTE 1) &
'en — e tais ——
WAVEFOg?AUE
(SEE NOTE 2) 0.6v 10%

NOTE 1: WAVEFORM 1 IS FOR AN QUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE QUTPUT
1S HIGH UNLESS D!ISABLED BY THE QUTPUT CONTROL.

NOTE 2: WAVEFORM 2 1S FOR AN QUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE QUTPUT
1S LOW UNLESS DISABLED BY THE OUTPUT CONTROL. Utciom 10w




LTC 1283

APPLICATIONS INFORMATION

The LTC1283 is a 3V data acquisition component which
contains the following functional blocks:

1. 10-bit successive approximation capacitive
A/D converter

2. Analog multiplexer (MUX)

3. Sample-and-hold (S&H)

4. Synchranaus, full duplex serial interface
5. Control and timing logic

DIGITAL CONSIDERATIONS

1. Serial Interface

The LTC1283 communicates with microprocessors and
other external circuitry via a synchronous, full duplex, 4-
wire serial interface (see Operating Sequence). The shift
clock (SCLK) synchronizes the data transfer with each bit
being transmitted on the falling SCLK edge and captured
ontherising SCLK edge in both transmitting and receiving
systems. The data is transmitted and received simulta-

previous conversion is output on the Dgyr line. At the end
of the data exchange the requested conversion begins
and CS shoutd be brought high. After tconv, the conver-
sion is complete and the resuits will be available on the
next data transfer cycle. As shown below, the result of
aconversion is delayed by one CS cycle from the input
word requesting it.

Din O WORD 1 Dy WORD 2 Dy WDRD 3
Dour [Dour WORD 0 Dout WORD 1 [Dour WORD 2 |

4 4
DATA CONY DATA o
-L— AD ~— AD
TRANSFER " conversion  TRANSFER T conveRsion

LYC3283 Ai02

2. Input Data Word

The LTC1283 8-bit input data word is clocked into the Dy
input on the first eight rising SCLK edges after chip select
is recognized. Further inputs on the Dy pin are then
ignored until the next CS cycle. The eight bits of the input
waord are defined as follows:

n | | X). UNIPOLAR/ WORD
eously (full duplex) B DATA INPUT (D) WORD: BpoLaR LENGTH
Datatransfer_lsml_tlamd byafqlhngchnpse!egt(CS) 5|gnql. sou | ooor | seteet [ Seee | uy | wser | wir | wio
After the falling CS is recognized, an 8-bit input word is DIFF | siGN 1 0
shifted into the Dyy input which configures the LTC1283 < > —
for the next conversion. Simultaneously, the result of the MUX ADDRESS LSB-FIRST —
Operating Sequence
(Example: Differential inputs (CH3-CH2), Bipolar, MSB-First and 10-Bit Word Length)
- tcye
f11213]alsiel7l8ai9l10]l
1 | 1SMPL tCoNY
&s ] 1 [
000/ SEL
SGL/ SiGN SEL 0 MSBF WLO
on P00 L T[T I 77w A T L\ V7
oot — LT L L[ L1 89 | 82 [ 67 | 86 [ 85| 84 B3 [B2] 81 [0
‘ SHIFT CONFIGURATION i 58 SHIFT A/D RESULT QUT AND k
WORD IN ! NEW CONFIGURATION WORD IN

LTC1283 » AIDY
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LTC 1283

APPLICATIONS INFORMATION

Multipiexer (MUX) Address

The first four bits of the input word assign the MUX  (SGL/DIFF = 0) measurements are limited to four adjacent
configuration for the requested conversion. For a given  input pairs with either polarity. In single-ended mode, all
channel selection, the converter will measure the voltage  input channels are measured with respect to COM. Figure 1
between the two channels indicted by the + and - signsin ~ shows some examples of multiplexer assignments.

the selected row of Table 1. Note that in differential mode

Table 1. Multiplexer Channel Selection

MUX ADDRESS DIFFERENTIAL CHANNEL SELECTION MUX ADDRESS SINGLE-ENDED CHANNEL SELECTION
SGL/ | 0DD/ | SELECT SGL/ | 0DD/ | SELECT
DIFF | SIGN | 1 0|0 |1]12 |3 [4|5|[6]|7| DIFF| SIGN |1 0/0 (1|23 |4 |56 )7 |[coMm
0 0 0 01+ |- 1 0 0 0] + -
0 0 0 1 + | - 1 0 |0 1 + -
0 0 1 0 + | - 1 0 1 0 + -
0 0 1 1 + | = 1 0 |1 1 + -
0 1 g 01l-14+ 1 1 0 0 + -
0 1 0 1 -1+ 1 1 0 1 + -
0 1 1 0 - |+ 1 1 1 0 + -
0 1 1 1 - |+ 1 1 1 1 + | -
4 Differential 8 Single-Ended Combinations of Ditferential and Single-Ended
CHANNEL CHANNEL CHANNEL
+ - 0 + —+
o 2 1j+ LAR
2 +
— 4 (_) —
2'3{_--- — (4) i_: 2,3{_+
5 e— Jp—
s{T0) s+ s+
7 — + 6 1 +
s7{— ]+ Tt
Yl - (4] 1.00M ) g LI
Changing the MUX Assignment “On the Fly”
S— + — —
as{_—]7 sa{_] N
1+ 6yj— +
67{ 1" 7 {—] :
1 oM (UNUSED) I g RO erneror
= 1STCONVERSION = 2ND CONVERSION

Figure 1. Examples of Multiplexer Options on the LTC1283
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LTC1283

APPLICATIONS INFORMATION

Unipolar/Bipolar (UN!)

The fifth input bit (UNI) determines whether the conver-
sion will be unipolar or bipolar. When UNI is a logical one,
a unipolar conversion will be performed on the selected

Unipolar Transfer Curve (UNI =1)

LI T T T s e

input voltage. When UNI is a logical zero, a bipolar conver-
sion will result. The input span and code assignment for
each conversion type are shown in the figures below.

Unipolar Output Code (UNI = 1)

i ! INPUT VOLTAGE
11111110 F—=mmmmmm e — - ! ' OUTPUT CODE INPUT VOLTAGE (VREF = 2.5V)
i | ]
: ! | ! 1111111111 VReF ~ 1LSB 24976V
: i ! : 1111111110 VREF ~ 2LSB 24951V
1 1 ' . . .
] | . .
0000000001 - T . . .
0000000000 4————+ A —— > 0000000001 1158 0.0024v
oV 1LSB VREF‘ZLSB: VRer 0000000000 o o
Vges ~ 1LSB 71283 AlOE
LTC1283 AlG4.
Bipolar Transter Curve (UNI = 0)
F 3
o111111111 +
0111111110 4 i |
I I I
I I I
] I I
] | |
~Vrer + 1L58 0000000001 _ + ' : |
Ve | 0000000000 x] Lo
i A Il 1 : ! 1
+ t T ' f T T T N T | 1 > Vin
: ! e SRRRRRRRARE Vags—2LSB 1 Vs
: <+ 1111111110 1
\ : Vger— 1LSB
: i
1
Ll
1

T
1
|
|
|
1
§
|
|
(
i
|

- 1000000001
1000000000

Bipalar Output Code (UNI = 0)

INPUT VOLTAGE
OUTPUT CODE INPUT VOLTAGE (VREF = 2.5V)
0111111111 VREF - 1LSB 24851V
0111111110 VREF - 2LSB 2.4902v
0000000001 1158 0.0049V
0000000000 ov ov
'RRERREERE! -1LSB -0.0049V
1111111110 -2158 -0.0098V
1000000001 | ~(VRgp) + 1LSB -2.4951V
1000000000 - (VRER) -2.5000v

LTC1283 M07

L1C1283 A0S

L
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LTC1283

APPLICATIONS INFORMATION

MSB-First/LSB-First Format (MSBF)

The output data of the LTG1283 is programmed for MSB-
first or LSB-first sequence using the MSBF bit. For MSB-
first output data the input word clocked to the LTC1283
should always contain a logical one in the sixth bit location
(MSBF bit). Likewise for LSB-first output data, the input
word clocked tothe LTC1283 should always contain a zero
in the MSBF bit location. The MSBF bit ina given Dy word
will control the arder of the next Dgyy word. The MSBF bit
affects only the order of the output data word. The order
of the input word is unaffected by this bit.

MSBF QUTPUT FORMAT
0 LSB-First
1 MSB-First

LTC1283 AI0B

Word Length (WL1, WLD)

The last two bits of the input word (WL1 and WLO)
program the output data word length of the LTC1283.
Word lengths of 8-, 10-, 12- or 16-bit can be selected
according to the foliowing table. The WL1 and WLO bits in
agiven Djy word control the length of the present, not the
next, Doyt word. WL1 and WL2 are never “don’t cares”
and must be set for the correct Doyt word length even
when a “dummy” Dy word is sent. On any transfer cycle,
the word length should be made equal to the number of
SCLK cycles sent by the MPU.

WL WL OUTPUT WORD LENGTH
0 0 8 Bits
0 1 10 Bits
1 0 12 Bits
1 1 16 Bits

LTC1283 + A0

Figure 2 shows how the data output (Dgyr) timing can be
controlled with word length selection and MSB/LSB-first
format selection.

3. Deglitcher

A deglitching circuit has been added to the chip select
input of the LTC1283 to minimize the effects of errors
caused by noise on thatinput. This circuitignores changes
in state on the CS input that are shorter in duration than

1 ACLK cycle. After a change of state on the CS input, the
LTC1283 waits for two falling edges of the ACLK before
recognizing a valid chip select. One indication of CS low
recognition is the Doyt line becoming active (leaving the
Hi-Z state). Note that the deglitching applies to both the
rising and falling CS edges.

A\

HI-Z
Dour (

VALID QUTPUT

LOW CS RECOGINZED INTERNALLY

& /4

Dour VALID OUTPUT )

HIGH S RECOGNIZED INTERNALLY LrEie- Ao

HI-Z

4. CS Low During Conversion

In the normal mode of operation, CS is brought high
during the conversion time (see Figure 3). The serial port
ignores any SCLK activity while CS is high. The LTC1283
will also operate with CS low during the conversion. Inthis
mode, SCLK must remain low during the conversion as
shown in Figure 4. After the conversion is complete, the
Doy line will become active with the first output bit. Then
the data transfer can begin as normal.

5. Microprocessor Interfaces

TheLTC1283 caninterface directly (without external hard-
ware) to most popular microprocessor (MPU) synchro-
nous serial formats (see Table 2). If an MPU without a
serial interface is used, then four of the MPU’s parallel port
lines can be programmed to form the serial link to the
LTC1283. Included here are three serial interface ex-
amples and one example showing a parallel port pro-
grammed to form the serial interface.

LN
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8-Bit Word Length

SMPL [=—tconv
(53 \ ?lt

SCLK |1|||I||||||||||8|

(SB)
Doyt THE LAST TWO BITS
MSB-FINGT g [ B8| 87 |BsfBs| B4 B3| B2 ARE TRUNCATED
Dour
LSB-FIRST Bo |81 |B2fB3]|Ba|BS B6|B7

10-Bit Word Length

SMPL 1CONY
c— \.

SCLK 1 10
(SB)
Doyt
MSB-FIRST B9 | B8 | 87 | Bs | BS| B4 B3] B2]| BT BO
(58)
Doyt
LSB-FIRST BO | B! B2 | B3 B4)| B5]) B6|B7 | B8 | BI

12-Bit Word Length

ISMPL |=—1cONV
C \ aL

SCLK 1 10 12

(SB)

FILL
Doyt
MSB-FIRST —T 5 I 88 I B7 | B6 I 85 | B4 B3 I B2 | B1 I 80 | ZERQES ——

D
LSB-FIRST Bo 81 ]e2|8 4[5 ]me|e7[ea]mo|: -

16-Bit Word Length

ISMPL |=—1canv

SCLK 1 10

16
0) ] FILL
MSB-FIRST Ba|B8 B | B | B5 |84 BIfB2]BYRO ZEROES —
(58B)
Doyr
LSB-FIRST Bo]sr|B2fes Ba[ws]e6]B7 ]8RO} - . . . . .p—

“ IN UNIPOLAR MODE, THESE BITS ARE FILLED WITH ZEROES.
IN BIPOLAR MQDE, THE SIGN BIT IS EXTENDED INTO THESE LOCATIONS.

LTC1283 0 FO2

Figure 2. Data Output (Dgyr) Timing with Ditferent Word Lengths
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SHIFT tomPL
I«Mux ADDRESS—»<—— SAMPLE ANALOG ———
IN

ACLK CYCLES

4070 44 SHIFT RESULT QUT

AND NEW ADDRESS IN

INPUT
s

s LA A r e M e

SGL/ SEL SEL

SE

S SGL/ L
Oy jZZZZD»FFhDD/I + o Juw mserlwut[wiol///////////, DONT CaRe /777, ADIFFIODD/' 1 [seL unt mssrjwet wiol/z;
SIGN S SIGN 0
Dour 8o | s [ 87 |ee [85] 84 Ba[82]s1[n0 po [es] 7|6 B5|mafBa]eafei]no
1721283« FOQ
Figure 3. CS High During Conversion
SHIFT ISMPL 207044 SHIFT RESULT OUT
- ———— e aA—
|“MUX APDRESS—> AL L0 ACLK CYCLES ’ AND NEW ADDRESS IN
& =] L

|

SGL/, SEL SEL | seu SEL
Din :ZZZZDIFFIODD/I 10 Junt mser|wL WL/ // /7, DONT CARE L7774 Joooi] 1 |seL uni mser|wt JwLo
SIGN ‘ SIGN 0
Dour Bo | B3 |87 |6 fns]| B4 B3{B2]8m1]B0 B |88 |B7]86 B5|eafB3]sz]Bi]Bo

LTC1283 » <04

Figure 4. CS Low During Conversion

Table 2. 3V Microprocessor with Hardware Serial Interfaces
Compatible with the LTC1283*

PART NUMBER TYPE OF INTERFACE
Motorola

MCB8HC11 SPI

MC68HC05 SPI

RCA

CDPB8HCO05 SP!

National Semiconductor

COP800 Family MICROWIRE/PLUS'
HPC16000 Family MICROWIRE/PLUS"
Texas Instruments

TMS70C02 Serial Port
TMS70C42 Serial Port

*Gontact factory for interface information for pracessors not on this list
*MICROWIRE/PLUS is a trademark of National Semiconductor Corp.

Serial Port Microprocessors

Most synchronous serial formats contain a shift clock
(SCLK)and two data lines, one for transmitting and one for
receiving. In most cases data bits are transmitted on the
falling edge of the clock (SCLK) and captured on the rising
edge. However, serial port formats vary among MPU
manufacturers as to the smallest number of bits that can
be sentin one group (e.g., 4-bit, 8-bit or 16-bit transfers).
They also vary as to the order in which the bits are
transmitted (LSB- or MSB-first). The following examples
show howthe LTG1283 accommodates these differences.

National MICROWIRE (COP820C)

The COP820C transfers data MSB-first and in 8-bit incre-
ments. This is easily accommodated by setting the LTG1283
to MSB-first format and 10-bit word length. The data
output word is then received by the COP820C in one 8-bit
block and ong 2-bit block.

LY R
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Hardware and Software Interface to National Semiconductor

COP820C Processor Doy from LTC1283 stored in COP820C RAM
LTC1283 ¢OP8200 MSB*
1 &le a1 [s]e]7[e]s]a]a]z]avmen
ANALOG |}  SOLK [e— SK 158
WPUTS | 21 omle S0 Erlo]x]x]x]x]x]x]evmee
— Dour —p{ S| B9 is MSB in unipolar or sign bit in bipolar —
MNEMONIC COMMENTS MNEMONIC COMMENTS
LD (FO)«-0D LOAD 0D INTO FO (Dyy) X(A)e——(E9) LOAD Dgyy INTO ACC
LD (D5)«-32 CONFIGURE PORT G SBIT 2 TRANSFER CONTINUES
LD (EE)«<8 CONFIGURE CONTROL REG. X (A}——{F3) LOAD Dgyr IN ADDR F3
LD (B)«<D4 PORT G DATA REG. INTO B RBIT 2 STOP TRANSFER
LD (A)«(F0) LOAD Dy INTO ACC LD (B)«D4 PUT PORT G ADDR IN B
RBIT 1 G1 RESET (CS GOES LOW) SBIT 1 G1 SET (CS GOES HIGH)
X (A}——(E9) LOAD Dy INTO SHIFT REG. X (A)——(E9) LOAD Dgyr INTO ACC
LD (B)«EF LOAD PSW REG. ADDRIN B RC CLEAR CARRY
SBIT2 TRANSFER BEGINS RRCA SHIFT RIGHT THRU CARRY
T RRCA SHIFT RIGHT THRU CARRY
NOP 15 NOPs FOR TIMING RRCA SHIFT RIGHT THRU CARRY
! X (A)——s(F4) LOAD Doy IN ADDR F4

Motorola SPI (MC68HCO5C4, MC68HC11)

The MC68HC05C4 and MC68HC11 transfer data MSB-
first and in 8-bit increments. Programming the LTC1283

for MSB-first

Hardware and

format and 16-bit word length allows the 10-

Software Interface to Motorola MC68HC05C4 and

MC68HC11 Processors

MC68HCO05C4

bit data output to be received by the MPU as two 8-bit
bytes with the final 6 unused bits filled with zeroes by the

LTC1283.

Doy from LTC1283 stored in MC68HC05C4 or MCE8HC11 RAM

LTC1283 MCB8HE11 MSB*
I =l 0 rocatiova|Bs [ as | 67 | a6 | 65 | 84 [ sal so| evres
ANALOG | ]  SCLK |« SCK LS8
INPUTS o |— MOS} rocationa+1[s1[Bo] o f o Jo] oo o]svee
= Dour —| MISO *B9 is MSB in unipofar or sign bit in bipolar .
L1283 Al
MNEMGNIC COMMENTS MNEMONIC COMMENTS
BCGLR n CO0 IS CLEARED (63 GOES LOW) STA START NEXT SPI CYCLE
LDA LOAD Dy FOR LTC1283 INTO ACC T
STA LOAD Dy FROM ACC TO SPI DATA REG. START SCK NOP 6 NOPs FOR TIMING
1 ! B
NOP 8 NOPs FOR TIMING BSET n €0 IS SET (CS GOES HIGH)
4 LDA LOAD CONTENTS OF SPI STATUS REG. INTQ ACC
LDA LOAD CONTENTS OF SP1 STATUS REG. INTO ACC LDA LOAD LTC1283 Doyt FROM SPI DATA REG.
LDA LOAD LTC1283 Doyt FROM SPI DATA REG. INT ACC (BYTE 2)
INTQ ACC (BYTE 1) STA LOAD LTC1283 INTO RAM (LOCATION A +1)
STA LOAD LTC1283 Dgyr INTO RAM (LOCATION A)
-
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Texas Instruments TMS70C42

The TMS70C42 transfers serial data in 8-bit increments,
L SB-first. To accommodate this, the LTC1283 is pro-
grammed for 16-bit word length and LSB-first format. The

Hardware and Software Interface to Tt TMS70C42 Pracessor

LTC1283 TMS70C42

10-bit output data is received by the processor as two
8-bit bytes, LSB-first. The LTC1283 fills the final 6 unused
bits (after the MSB) with zeroes.

Doyr from LTC1283 stored in TMS70C42 RAM
LS8

—] S e 20 [7]s]s]afala]ifo]svmen
ANALOG | ] SCLK e SCLK FILL WITH ZEROES MSB
INPUTS | Dy [+ Txo fofo]ajofolao]afs]avme:
— Dour »| Rxp 101283+ g

LABEL MNEMONIC DESCRIPTION LABEL MNEMONIC DESGRIPTION

START DINT DISABLES ALL INTERRUPTS MOVP % >40,P24 | SCLK OFF (TIMER 3 DISABLED)
MOVP % >2A,PD DISABLE INTERRUPT FLAGS MOVP % > 17, P21 ENABLE SERIAL PORT
MOVP % > 02, P16 | DISABLE INTERRUPT FLAGS MOVP % >C0, P24 | SCLK ON (TRANSFER BEGINS)
MOV % >60,8 ADDRESS OF STACK MOVP % > 16, P21 | TXEN GOES LOW
LDSP PUT ADDRESS INTQ POINTER MOV % >02, A LOAD COUNTER
MOVP % >DF P5 CONFIGURE PORT A WAIT1 DINZ A, WAITT LOOP WHILE SHIFT OCCURS
MOVP % > 08, P6 ENABLE Tx BY SETTING B3 =1 NOP DELAY
MOVP % > 40, P21 RESET THE SERIAL PORT MOVP P25,B PUT Dgyr IN B
MOVP % > 0C, P20 | CONFIGURE THE SERIAL PORT MOVP A P26 LOAD TXBUF
MOVP % > 00, P24 | TURN START BIT OFF MOVP % > 40, P24 SCLK OFF (TIMER 3 DISABLE)
MOVP % > 00, P21 ENABLE THE SERIAL PORT MOVP % > 17, P21 ENABLE SERIAL PORT
MOVP % > 00, P23 | SET SCLK RATE (TIMER 3) MOVP % >C0, P24 | SCLK ON (TRANSFER BEGINS)
MOVP % >C0, P24 | START TIMER MOVP % > 16, P21 TXEN GOES LOW

LOOP MOV % >DF A LOAD Dy WORD IN A MOV % >02 A LOAD COUNTER
CALL  SXTNBIT ROUTINE THAT SHIFTS DATA WAIT2 DINZ A WAIT2 LOOP WHILE SHIFT OCCURS
MOV B,R5 PUT FIRST 8 LSBs IN R5 NOP DELAY
MOV A R6 PUT MSBs IN R6 MOVP P25 A PUT Dgyz IN A

SXTNBIT | ANDP % > FE, P4 AQ CLEARED (CS GOES LOW) ORP % >01,P4 AQ SET (CS GOES HIGH)
MOVP A P26 PUT Dy INTO TXBUF RETS RETURN TO MAIN PROGRAM

Parallel Port Microprocessors Signetics 83CL410

When interfacing the LTC1283 to an MPU which has a
parallel port, the serial signals are created on the port with
software. Three MPU port lines are programmed to create
the CS, SCLK and Dy signals for the LTC1283. A fourth
port fine reads the Doy line. An example is made of the
Signetics 83CL410.

Hardware and Software Interface to Signetics 83CL410 Processor

LTC1283 83CL410

Oour P11

;‘ 1™ P12

wssl 1 s
: 73 P14

=1 ACK ALE

LIC1283+ 4117

To interface to the 83CL410, (a 3V version of the 80C51)
the LTC1283 is programmed for MSB-first formatand 10-
bitword length. The 83CL410 generates CS, SCLK and Dy
on three port lines and reads Dqyt on the fourth.

Dgyr from LTC1283 stored in 83CL410 RAM

Msg*
Rz |8a|8a|87]8s]8s|ea|nafez]

LS8
o (1 3 3 1 3 Y 1 Y

“BY IS MSB IN UNIPOLAR OR
SiGN BIT IN BIPOLAR

LICT283+ A8

LY LNEAR
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83CL410 Code
MNEMONIC DESCRIPTION MNEMONIC DESCRIPTION
MOV P1, #02H INITIALIZE PORT 1 (BIT 1 1S MADE AN MOV C, P11 READ DATA BIT INTO CARRY
INPUT) CLRA CLEAR ACC
CLRP1.3 SCLK GOES LOW RLC A ROTATE DATA BIT INTQ ACC
SETBP1.4 CS GOES LOW SETBP1.3 SCLK GOES HIGH
CONTINUE: MOV A, #0DH D;y WORD FOR THE LTC1283 IS PLACED CLRP1.3 SCLK GOES LOW
IN ACC MOV C, P11 READ DATA BIT IN CARRY
CLRP14 CS GOES LOW RRC A ROTATE RIGHT INTO ACC
MOV R4, #08 LOAD COUNTER RRC A ROTATE RIGHT INTO ACC
NOP DELAY FOR DEGLITCHER MOV R3, A STORE LSBs IN R3
LOOP: MOV C. P11 READ DATA BIT INTO CARRY SETB P1.3 SCLK GOES HIGH
RLCA ROTATE DATA BIT INTO ACC CLRP13 SCLK GOES LOW
MOVP1.2,C QUTPUT Dy BIT TO LTC1283 SETB P1.4 CS GOES HIGH
SETBP1.3 SCLK GOES HIGH MOV RS, #07H | LOAD COUNTER
CLRP1.3 SCLK GOES LOW DELAY: DJNZ R5, DELAY | DELAY FOR LTC1283 TO PERFORM
DJNZ R4, LOOP | NEXT BIT CONVERSION
MOV R2, A STORE MSBs IN R2 AJMP CONTINUE | REPEAT PROGRAM

6. Sharing the Serial Interface

The LTC1283 can share the same 3-wire serial interface
with other peripheral components or other LTC1283s (see
Figure 5). In this case, the CS signals decide which
LTC1283 is being addressed by the MPU.

ANALOG CONSIDERATIONS

1. Grounding

The LTC1283 should be used with an analog ground plane
and single point grounding techniques.

Pin 11 (AGND) should be tied directly to this ground plane.

Pin 10 (DGND) can also be tied directly to this ground
plane because minimal digital noise is generated within
the chip itself.

Pin 20 (V¢c) should be bypassed to the ground plane with
a 4.7uF tantalum with leads as short as possible. Pin 12

(V) should be bypassed with a 0.1uF ceramic disk. For

single supply applications, V- can be tied to the ground
plane.

Itis also recommended that pin 13 (REF 7} and pin 9 (COM)
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 6 shows an example of anideal 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.

2. Bypassing

For good performance, Vgc must be free of noise and
ripple. Any changes in the Vgg voltage with respect to
analog ground during a conversion cycle can induce errors

l I —
2 1 0
————
DUTPUT PORT
) 3-WIRE SERIAL
SERIAL DATA + » INTERFACE TO OTHER
3} 3} 3% PERIPHERALS OR LTC1283s
MPU 5 3 )
LTC1283 L1C1283 LTC1283
e

——
8 CHANNELS

LAY
8 CHANNELS

8 CHANNELS

LTC1283 ¢ FO5.

Figure 5. Several LTC1283s Sharing One 3-Wire Serial Interface
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Vee

J__..._| |__<. #%ALUM
I ~ 20 [o3
[ B 1977]
[ K 18] ]
14 171
s 6]
s 1501
I 14
8 13
I ) 12 — v
10 1 %.—(g&m
GROUND = DisK
PLANE

L1283 708
Figure 6. Example Ground Plane for the LTC1283

or noise in the output code. Vg noise and ripple can be
kept below 1mV by bypassing the Vgc pin directly to the
analog ground plane with a 4.7uF tantalum with leads as
shortas possible. Figures 7 and 8 show the effects of good
and poor Vg bypassing.

3. Analog Inputs

Because of the capacitive redistribution A/D conversion
techniques used, the analog inputs of the LTC1283 have
capacitive switching input current spikes. These current
spikes settle quickly and do not cause a probiem.

However, if large source resistances are used or if slow
settling 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 LTC1283 look like 65pF capacitor
(Cy) in series with a 500Q resistor (Rgy) as shown in
Figure 9. Cyy gets switched between the selected “+” and
“~ inputs once during each conversion cycle. Large
external source resistors 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.

VERTICAL: 0.5mV/DIV

VERTICAL: 0.5mV/DIV

HORIZONTAL: 10us/DIV

Figure 7. Poor Vg Bypassing. Noise and Ripple
can Cause A/D Errors

HORIZONTAL: 10us/DIV

Figure 8. Good Vcc Bypassing Keeps Noise and Ripple
on Vgc Below 1mV

Vin'*

Vin

g
INPUT

R +
SOURCE LTC1283

I_c1 _l [/ Boy=5000
= o | WYL,
_ Rgoupce”  NRUT _j’ LAST SOLK I 856F

- °

— TC1283 4 FO9

Figure 9. Analog Input Equivalent Circuit
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HOLD

"+ INPUT
SAMPLE  MUST SETTLE
| DURING THIS TIME
MUX ADDRESS '
SHIFTED IN SMPL

ACLK

|

SCLK 1 2 3 4 | one | | l Ii— LAST SCLK (8TH. 10TH, 12TH OR 16TH DEPENDING ON WORD LENGTH)

1] 12] |31 |4

l< 157817 TEST~]
“" INPUT MUST SETTLE
DURING THIS TIME

“4" INPUT 4

“=" INPUT

N

L7283+ 510

Figure 10. “+” and “~” Input Settling Windows

“+” Input Settling

This input capacitor is switched onto the “+” input during
the sample phase (tgmpL, See Figure 10). The sample
phase starts at the 4th SCLK cycle and lasts until the falling
edge of the last SCLK (the 8th, 10th, 12th or 16th SCLK
cycle depending on the selected word length). The voltage
onthe “+” input must settle completely within this sample
time. Minimizing Rggyrce™ 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
SCLK frequency or selecting a longer word length. With
the minimum possible sample time of 8us, Rsoyrce* < 2k

and C1 < 20pF will provide adequate settling.

“~” |nput Settling

Attheend of the sample phase the input capacitor switches
to the “” input and the conversion starts (see Figure 10).
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 be free of noise and settle completely during the
first four ACLK cycles of the conversion time. Minimizing
Rsource™ and C2 will improve settling time. If large “-”
input source resistance must be used, the time allowed for
settling can he extended by using a slower ACLK fre-
quency. At the maximum ACLK rate of 1MHz, Rsqurce™
< 1k 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 aliowed time
(see Figure 10). Again, the “+" and “-" input sampiing
times can be extended as described above to accommo-
date slower op amps. Most op amps including the LT1006
and LT1013 single supply op amps can be made to settle
weli even with the minimum settling windows of 8us (“+”
input) and 4ps (“=” input) which occur at the maximum
clock rates (ACLK = 1MHz and SCLK = 0.5MHz). Figures 11
and 12 show examples of adequate and poor op amp
settling.

VERTICAL: 5SmV/DIV

HORJZONTAL: 1ps/DIV

Figure 11. Adequate Settling of Op Amp Driving Analog Input
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VERTICAL: 5mV/DIV

HORIZONTAL: 1ps/DIV

Figure 12. Poor Op Amp Settling Can Cause A/D Errars

RC Input Filtering

It is possible to filter the inputs with an RC network as
shown in Figure 13. For large values of Cg (e.g., 1uF), the
capacitive input switching currents are averaged into a net
BC current. Therefore, afilter should be chosen with small
resistor and large capacitor to prevent DC drops across
the resistor. The magnitude of the DC current is approxi-
mately Ipc = 65pF x Viy/tcye and is roughly proportional
to Vin. When running at the minimum cycle time of 68ps,
the input current equals 2.5pA at Vi = 2.5V. In this case,
a filter resistor of 100Q will cause 0.1LSB of full-scale
error. If alarger filter resistor must be used, errors can be
gliminated by increasing the cycle time as shown in the
typical curve Maximum Filter Resistor vs Cycle Time.

ReiLTER lDC, "

Vin +

ATC1283

CriLTeER
I I

LTC12830F'3

Figure 13. RC input Filtering

Input Leakage Current

Input leakage currents can also create errors if the source
resistance gets toolarge. Forinstance, the maximuminput

leakage specification of 1uA (at 125°C) flowing through a
source resistance of 1k will cause a voltage drop of TmVY
or 0.4LSB. This error will be much reduced at lower
temperatures because leakage drops rapidly (see typical
curve of Input Channel Leakage Current vs Temperature).

Noise Coupling into Inputs

High source resistance input signals (>5000) are more
sensitive to coupling from external sources. It is prefer-
able to use channels near the center of the package (i.e.,
CH2-CH7) for signals which have the highest output
resistance because they are essentially shielded by the
pins of the package ends (DGND and CHO). Grounding any
unused inputs (especially the end pin, CHO) will also
reduce outside coupling into high source resistances.

4. Sample-and-Hold

Single-Ended Inputs

The LTC1283 provides a built-in sample-and-hold (S&H)
function for all signals acquired in the single-ended mode
(COM pin grounded). This sample-and-hold allows the
LTC1283 ta convert rapidly varying signals (see typical
curve of S&H Acquisition Time vs Source Resistance). The
input voltage is sampled during the tgypy time as shown
in Figure 10. The sampling interval begins after the fourth
MUX address bit is shifted in and continues during the
remainder of the data transfer. On the falling edge of the
final SCLK, the S&H goes into hold mode and the conver-
sion begins. The voltage will be held on either the 8th,
10th, 12th or 16th falling edge of the SCLK depending on
the word length selected.

Differential Inputs

With differential inputs, or when the COM pin is not tied to
ground, the A/D no longer converts just a single voltage
but rather the difference between two voltages. In these
cases, the voltage on the selected “+” input s still sampled
and held and therefore may be rapidly time varying just as
in single-ended mode. However, the voltage on the se-
lected “~” input must remain constant and be free of noise
and ripple throughout the conversion time. Otherwise, the

LY NER
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differencing operation may not be performed accurately.
The conversion time is 44 ACLK 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 X 2 X Tt x f(*=") x 44/fac ¢

Where f(“-") is the frequency of the “~" input voltage,
Vpea is its peak amplitude and fag g is the frequency of
the ACLK. In most cases Veggrrop Will not be significant. For
a 60Hz signal on the “~" input to generate a 1/4LSB error
(0.61mV) with the converter running at ACLK = 1MHz, its
peak value would have to be 38mV.

5. Reference Inputs

The voltage between the reference inputs of the LTC1283
defines the voltage span of the A/D converter. The refer-
ence inputs look primarily like a 10k resistor but will have
transient capacitive switching currents due to the switched-
capacitor conversion technigue (see Figure 14). During
each bit test of the conversion (every 4 ACLK cycles), 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
insure thattransients caused by these current spikes settle
completely during each bit test of the conversion.

IW LYC1283
EVERY 4 ACLK CYCLES
Rout < 10k Aoy
Vi :. i \ §pF T0 30pF
e VREF -

REF

iy P

|54

LT 263+ 514

Figure 14. Reference Input Equivalent Circuit

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

1. The source resistance (Rqgyt) driving the reference inputs
should be low (less than 1) to prevent DC drops caused
by the 300pA maximum reference current (Iggr).

2. Transients on the reference inputs caused by the capaci-
tive switching currents must settle completely during
each bit test (each 4 ACLK cycles). Figures 15 and 16

show examples of both adequate and poor settling. Using
a slower ACLK will allow more time for the reference to
settle. However, even at the maximum ACLK rate of 1MHz
most references and op amps can be made to settle within
the 4us bit time.

3. Itis recommended that the REF~ input be tied directly to
the analog ground plane. If REF ™ is biased at a voltage
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.

VERTICAL: 0.5mV/DIV

HORIZONTAL: 1ps/DIV

Figure 15. Adequate Reference Settling

VERTICAL: 0.5mV/DIV

HORIZONTAL: 1us/DIV

Figure 16. Poor Reference Settling Can Cause A/D Errors

6. Reduced Reference Operation

The effective resolution to the LTG1283 can be increased by
reducing the input span of the converter. The LTC1283
exhibits good linearity and gain over a wide range of refer-
ence voltages (see typical curves of Linearity and Gain Error
vs Reference Voltage). However, care must be taken when
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operating at low values of Vper 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 Vggg values.

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

Conversion Speed with Reduced Vggr

With reduced reference voltages, the LSB step size is
reduced and the LTC1283 internal comparator overdrive is
reduced. With less overdrive, more time is required to
perform a conversion. Therefore, the maximum AGLK fre-
quency should be reduced when tow values of Vger are
used. This is shown in the typical curve of Maximum
Conversion Clock Rate vs Reference Voltage.

Offsel with Reduced Vggr

The offset of the LTC1283 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 Vpg. For example, a
Vgs of 0.5mV which is 0.2LSB with a 2.5V reference
becomes 0.5LSB with a 1V reference and 2.5LSBs with a
0.2V reference. If this offset is unacceptable, it can be
corrected digitally by the receiving system ar by offsetting
the “~" input to the LTC1283.

Noise with Reduced Vger

Thetotalinput referred noise ofthe LTG1283 can be reduced
toapproximately 200V peak-to-peak using aground plane,
good bypassing, good layout technigues and minimizing
noise on the reference inputs. This noise is insignificant with
a 2.5V 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 200UV of noise.

For operation with a 2.5V reference, the 2001V noise is only
0.08LSB peak-to-peak. In this case, the LTC1283 noise will

contribute virtually no uncertainty to the output code. How-
ever, 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
200pV 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 bedifficulttoachieve. Inthis 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, Veer, Vi or V) 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.

A “Quick Look™ Circuit for the LTC1283

Users can get a quick look at the function and timing of the
LTC1283 by using the following simple circuit. REF* and
Dy are tied to Vi selecting a 3V input span, CH7 as a
single-ended input, unipolar mode, MSB-first format and
16-bit word length. ACLK and SCLK are tied together and
driven by an external clock. CS is driven at 1/64 the clock
rate by the CD4520 and Dgyr outputs the data. All other
pins are tied to a ground plane. The output data from the
Doyt pin can be viewed on an oscilloscope which is set up
to trigger on the falling edge of CS.

Scope Trace of LTC1283 “Quick Look” Circuit
Showing A/D Output of 0101010101 (155yey)

DEGLITCHER MSB LS8 FILLS
TIME (89) (B0) ZEROES

VERTICAL: tV/DIV, HORIZONTAL: 5us/DIV

LY R
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TYPICAL APPLICATIONS
A “Quick Look” Circuit for the LTC1283
3y
4.7uF ?
= /64
CHO Voo 9
CHi ACLK CLK Voo 0.1uF
cHZ SCLK 11 el EN RESET by
CH3 T — a1 04 f— fJ7
cHé Dour —{ o2 co4520 Q3 f—
oS LTC1283 o @
cm REF* - 04 01 __ LTC1283 + TAD3
Vin CH? REF RESET EN
CoM L' /-E Vss CLK
DGND AGND _—l
L1 CLOCK IN
= =17 500kHz MAX

OSCILlT((J)SCOPE
SNEAK-A-BIT™

The LTC1283’s unique ability to software select the polar-
ity of the differential inputs and the output word length is
used to achieve one more bit of resolution. Using the
circuit below with two conversions and some software, a
2's complement 10-bit + sign word is returned to memory
inside the MPU. The MC68HCO05C4 was chosen as an
example; however, any processor could be used.

SNEAK-A-BIT Circuit

10uF 1MHz
W = | CLOCK
— cHo veo ¢ - l
OTHER —] CHY ACGEK te ICGBHO0504
CHANNELS | —1.cup soik e SCK
R
SNEAK-A-BIT | —JCH8 Dy 1o MOSI
INPUTS cHé Jwiso
urcioss "
o5 [ co
Vin ||
_vToav T HE REF*
cﬁ? R&- —_— LTC1283 « TAQS
coM ¥
__f o AT

= -V

SNEAK-A-BIT is a trademark of Linear Technology Corp

Two 10-bit unipalar conversions are performed: the first
overaQV to 3V span and the second overa 0V to -3V span
{by reversing the polarity of the inputs). The sign of the
input is determined by which of the two spans contain it.
Then the resulting number (ranging from -1023 to 1023
decimal) is converted to 2's complement notation and
stored in RAM.

SNEAK-A-BIT Code
Dou from LTC1283 in MC68HC05C4

SIGN
Locarion $77 [810] 8a | 8 [ 87 ] 85 [ 85 [ 84] 83

LSB
Locationss? [ ez | o1 | o]

ALLEDWITHOs |

1701283+ TAC7

Dy Words for LTC1283
MSBF
MUXADDR.  UNI
WORD
(ODD/SIGN) LENGTH
oo 0 1 1111 1]

D|N2I01111111I

bwalo o 1 1 11

TC1283 « TADG
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TYPICAL APPLICATIONS
Sneak-A-Bit Code for the LTG1283 Using the MC68HCO05C4
MNEMONIC DESCRIPTION MNEMONIC DESCRIPTION
LDA #3850 CONFIGURATION DATA FOR SPCR LOOP2: TST $08B TEST STATUS OF SPIF
STA  $0A LOAD CONFIGURATION DATA INTO $0A BPL LOOP2  LOOPTQPREVIOUS INSTRUCTION {FNOT
LDA  #$FF CONFIGURATION DATA FOR PORT C DDR DONE
STA 306 LOAD CONFIGURATION DATA INTO PORT BSET 0, $02 CS GOES HIGH
C DDR _ LDA $0C LOAD CONTENTS OF SP) DATA REG. INTO
BSET 0, $02 MAKE SURE CS IS HIiGH ACC
JSR READ -/+ DUMMY READ CONFIGURESLTC1283FOR STA %61 STQRE LSBs IN $61
NEXT READ RTS RETURN
JSR  READ +/~ READ CH6 WITH RESPECT TO CH7 CHK SIGN: LDA §73 LOAD MSBs OF +/— READ INTO ACC
JSR READ —/+ READ CH7 WITH RESPECT TO CHb ORA §$74 OR ACC {MSBs) WITH LSBs OF +/- read
JSR  CHK SIGN DETERMINES WHICH READING HAS VALID BEQ MINUS IF RESULT IS 0 GOTO MINUS
DATA, CONVERTS TO 2's COMPLEMENT CLC CLEAR CARRY
AND STORES IN RAM ROR §73 ROTATE RIGHT $73 THROUGH CARRY
READ-/+: LDA #83F LOAD Dy WORD FOR LTC1283 INTO ACC ROR $74 ROTATE RIGHT $74 THROUGH CARRY
JSR  TRANSFER READ LTC1283 ROUTINE LDA $73 LOAD MSBs OF +/- READ INTO ACC
LDA 860 LOAD MSBs FROM LTC1283 INTO ACC STA  $77 STORE MSBs IN RAM LOCATION $77
STA $71 STORE MSBs IN $71 LDA $74 LOAD LSBs OF +/- READ INTQ ACC
LDA  $61 LOAD LSBs FROM LTC1283 INTO ACC STA  $87 STORE LSBs IN RAM LOCATION $87
STA $72 STORE LSBs IN $72 BRA END GOTO END OF ROUTINE
RTS RETURN MINUS:  CLC CLEAR CARRY
Read +/—: LDA #§7F LOAD Oy WGORD FOR LTC1283 INTO ACC ROR §71 SHIFT MSBs OF ~/+ READ RIGHT
JSR  TRANSFER READ LTC1283 ROUTINE ROR §72 SHIFT LSBs —/+ READ RIGHT
LDA $60 LOAD MSBs FROM LTC1283 INTO ACC coM 371 1's COMPLEMENT OF MSBs
STA  §73 STORE MSBs IN $73 CoOM $72 1's COMPLEMENT OF LSBs
LDA 361 LOAD LSBs FROM LTC1283 INTO ACC LDA $72 LOAD LSBs INTO ACC
STA  $74 STORE LSBs N $74 ADD #$01 ADD 17O LSBs
RTS RETURN STA §72 STORE ACC IN $72
TRANSFER: BCLR 0, $02 CS GOES Low CLRA CLEAR ACC
STA  $0C LOAD D)y INTO SPI. START TRANSFER ADC  $71 ADD WITH CARRY TO MSBs. RESULT IN
Loop1. TST $0B TEST STATUS OF SPIF ACC
BPL LOOP 1 LOOP TQ PREVIOUS INSTRUCTION IF NOT STA $71 STORE ACC IN $71
DONE STA §77 STORE MSBs IN RAM LOCATION $77
LDA $0C LOAD CONTENTS OF SPI DATA REG. INTO LDA §72 LOAD LSBs IN ACC
ACC STA  $87 STORE LSBs IN RAM LOCATION $87
STA  $0C START NEXT CYCLE END: RTS RETURN
STA %60 STORE MSBs IN $60

Information furnished by Linear Technology Corparation is believed to be accurate and reliable. However,
no responsibility is assumed for its use. Linear Technology Corporation makes ne representation that the

interconnection of circuits as described herein will not infringe on existing patent rights.
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PHCHHGG DGSCBIPTIOH Dimensions are in inches (millimeters) unless otherwise noted.

N Package
20-Lead Plastic DIP
1.040 X
| N (26476) h >
\‘ MAX \
| (] [i8] [io] [7] [re) ] [ie] ] 2] [)
0.260 £ 0.010 )
(6.604 = 0.754)
1
v
D] la) Lo ] Te] o0 (o] L]
03000325 0130 + 0 005 0045-0065 _| |
\ e o >
' (7620-8255) | (3302:0 ‘27) (11431851 | \ v
— — \‘r l‘ .
0015 —
038 v ¥y *
MING T 0065
0009-0015 \o S u—— (1657)
(0.229 - 0.381) J ! Tve
0025 - -
0325 | | |
-0015
‘«,. o 0.125 ! ‘ 0.065 = 0015 |
+0 635 3176 > TEErL 038 ol 0.018 + 0.003
(8255_0381, @175 (1651 = 0381) ‘ T o0Te
0.100 £ 0.010 e
(2,540 £ 0.254) ! ez
$ Package
20-Lead Plastic SOL
- .0496-0512
(12,508 - 13.005) >
20 19 18 17 16 15 14 13 12 11 .
SEE NOTE | 0.394-0.419
i (10.007 - 10.643)
1 2 3 4 5 6 7 8 9 10 -
. 0291-0299
=TT (7391-7595) T
0.093-0.104 0.037 - 0.045
0005 0.010-0028 4. e 0.940 - 1,143
0127 0254-0737) " ¥ *} }« (2.362 - 2.642) [ )
RAD MIN 1
N,
A 0°-8°TYP }
v X s v v
N g L X 0.050 i
0.009-0.013 ‘// C (1.270) - | 0.004-0.012
(0.229 - 0.330) SEE NOTE ; TYP (0.102 - 0.305)
0016 0,050 0.014-0.019 ‘
(04061270 - (0.356 - 0.482) sumome
NOTE s

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS.
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