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PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution (No Missing Codes) 0.1V < Vggr < Ve, (Note 5) ° 24 Bits
Integral Nonlinearity VRer = 2.5V (Note 6) ° 2 10 ppm of Vrer
Vger = 5V (Note 6) ° 4 15 ppm of Vger
Offset Error 2.5V < VRer < Ve ° 0.5 2 ppm of Vger
Offset Error Drift 2.5V < VRer < Ve 0.01 ppm of Vger/°C
Full-Scale Error 2.5V < VRer < Ve ° 4 10 ppm of Vger
Full-Scale Error Drift 2.5V < VRer < Ve 0.02 ppm of Vger/°C
Total Unadjusted Error VRee = 2.5V 5 ppm of Vger
VRee =5V 10 ppm of Vger
Output Noise VN = 0V (Note 13) 15 Wrms
Normal Mode Rejection 60Hz £2% (Note 7) ° 110 130 dB
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PARAMETER CONDITIONS MIN TYP MAX UNITS
Normal Mode Rejection 50Hz +2% (Note 8) 110 130 dB
Power Supply Rejection DC VRer = 2.5V, V|y= 0V 100 dB
Power Supply Rejection 60Hz £2% VRer = 2.5V, Viy = 0V, (Note 7) 110 dB
Power Supply Rejection 50Hz £2% VRer = 2.5V, Viy = 0V, (Note 8) 110 dB
Joooooooobgooon
e J0000DDOUODODOUODODOODODOOODOOODDOTAD250000 ™ Note 30
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VIN Input Voltage Range (Note 14) —-0.125 « VRer 1.125 « VRer v
VRer Reference Voltage Range 0.1 Vee v
Csan) Input Sampling Capacitance 10 pF
Cs(reF) Reference Sampling Capacitance 15 pF
IIN(LEAK) Input Leakage Current cS= Vee -10 1 10 nA
IREF(LEAK) Reference Leakage Current VReg = 2.5V, CS= Vee -12 1 12 nA
Iin(mux) On Channel Leakage Current Vg = 2.5V (Note 15) +20 nA
Ron MUX On-Resistance loutr = IMA, Ve = 2.7V 250 300 Q
lout = 1mA, Vee =5V 120 250 Q
MUX ARy Vs Temperature 0.5 %/°C
ARgy Vs Vg (Note 15) 20 %
Is(orF) MUX Off Input Leakage Channel Off, Vg = 2.5V +20 nA
Ip(orF) MUX Off Output Leakage Channel Off, Vp = 2.5V +20 nA
toPEN MUX Break-Before-Make Interval 290 ns
ton Enable Turn-On Time Vg =15V, R = 3.4k, C_ = 15pF 490 ns
torF Enable Turn-Off Time Vs =15V, R =3.4k, C_= 15pF 190 ns
QIRR MUX Off Isolation Vin = 2Vp.p, R = 1k, f = 100kHz 70 dB
QINJ Charge Injection Rs = 0Q, C = 1000pF, Vg =1V +1 pC
Cs(orF) Input Off Capacitance (MUX) 10 pF
Co(oFr) Output Off Capacitance (MUX) 10 pF
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SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vi High Level Input Voltage 2.7V <V <55V 25 \Y
CS, Fo 2.7V <V 3.3V 2.0 v

Vi Low Level Input Voltage 4.5V <V 5.5V 0.8 \Y
CS, Fo 2.7V <V 5.5V 0.6 v

ViH High Level Input Voltage 2.7V £ V¢ £ 5.5V (Note 9) 25 \Y
SCK 2.7V < V¢ < 3.3V (Note 9) 2.0 v

Vi Low Level Input Voltage 4.5V < Ve £5.5V (Note 9) 0.8 \Y
SCK 2.7V £ V¢e 5.5V (Note 9) 0.6 v

Iin Digital Input Current 0V <ViNsVee -10 10 HA
CS, Fo

I Digital Input Current 0V < V)y £ Ve (Note 9) -10 10 PA
SCK

CiN Digital Input Capacitance 10 pF
CS, Fo

CiN Digital Input Capacitance (Note 9) 10 pF
SCK

VoH High Level Output Voltage lo = -800pA Ve — 0.5V \Y
SDO

VoL Low Level Output Voltage lp=1.6mA 0.4v \Y
SDO

Vou High Level Output Voltage lo = —800pA (Note 10) Vee - 0.5V \Y
SCK

VoL Low Level Output Voltage lp = 1.6mA (Note 10) 0.4v \Y
SCK

loz High-Z Output Leakage -10 10 HA
SDO

Vin Huux MUX High Level Input Voltage V=3V 2 \Y

Vin Lmux MUX Low Level Input Voltage V=24V 0.8 \Y
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e J00JUIIUIOUODDODODOCOCOOOUOUUOONODDOOTAO250000 M Note 30

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vee Supply Voltage 2.7 55 VY

Icc Supply Current o

Conversion Mode CS =0V (Note 12) 200 300 MA
Sleep Mode CS = V¢ (Note 12) 20 30 MA
lecmux) Multiplexer Supply Current All Logic Inputs Tied Together 15 40 MA
VIN =0Vor5Vv
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SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
feosc External Oscillator Frequency Range . 2.56 307.2 kHz
theo External Oscillator High Period . 0.5 390 s
tLeo External Oscillator Low Period . 0.5 390 s
tcony Conversion Time Fo=0V 130.66 133.33 136 ms
Fo=Vce 156.80 160 163.20 ms
External Oscillator (Note 11) 20480/fgosc (in kHz) ms
fisck Internal SCK Frequency Internal Oscillator (Note 10) 19.2 kHz
External Oscillator (Notes 10, 11) feosc/8 kHz
Disck Internal SCK Duty Cycle (Note 10) 45 55 %
fesck External SCK Frequency Range (Note 9) . 2000 kHz
tLEsck External SCK Low Period (Note 9) . 250 ns
tHESCK External SCK High Period (Note 9) . 250 ns
thout Isck Internal SCK 32-Bit Data Output Time Internal Oscillator (Notes 10, 12) 1.64 1.67 1.70 ms
External Oscillator (Notes 10, 11) 256/feosc (in kHz) ms
thouT Esck External SCK 32-Bit Data Output Time (Note 9) . 32/fgsck (in kHz) ms
t CS | to SDO Low Z . 0 150 ns
t CS 1 to SDO High Z . 150 ns
ts CS | to SCK | (Note 10) . 150 ns
ty CS | to SCK 1 (Note 9) . 50 ns
tkoMAX SCK | to SDO Valid . 200 ns
tkoMIN SDO Hold After SCK | (Note 5) . 15 ns
t5 SCK Set-Up Before CS . 50 ns
tg SCK Hold After CS | . 50 ns
Note 1000 00000000000000000000000000000 Note 100 0000 00SCKODOOOOO0O0O0O0DDO00000SCKOD
0oooo 0000000000000000SCKOOO0000000Coapl 20pF0
Note 20 0000000 OGNDOOODDOOD Note 110 0 00000F0000000000000000 feoscd 00D
Note 3000000000 Vc027v055v00000000000Q0 kHzD)

Note A0 00000000 F000GNDO OO VecO O O O feoscd 1563600Hz
0000000000000 000000000000000000000
Note 50 0000000000000000000000

Note 600 0000000000000 00000D000000D000000
0000000000000 000000000000000000000
Note 70 Fo0 OV1 0 00 0 O (M O O froscd 153600Hz+ 290 0 000 0 M
Note 80 FoO Vgl 0 0 000 M 0 O fegscD 128000Hz+ 208 00 00 O [T
Note 90 0000 SCKODDODOOOOO0O0OO0O00O00D0D0D0SCK
0000D000000D000000SCKOOOOO0O000000000
00 OfesexD 000 OkHzO

oo
oo oo
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oo

Note 12000 000000000000000
FoO OVO O O Fod Vee

Note 130 0000000000 D0000000O000000000

Note 140 0000000 000 Ve > 2.5V0 00 0 00.125 « Vgeed 1.125 «
Veer 0000 0000000000000 O03M00000000000
0000025V <Vger<0.267V00.89« V0O OO OO000000OO0.3VO
1.125 + Veee0 0 0 0 0.267V0 0.89 « Ve < Vaer < VecD 0000000000
00.3VO V0 0.3vO O OO

Note 150 Vs0 0O 000000000000 OV,OMUXOOOOOOO00
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*
* This example program loads multiplexer channels selection data into
* the LTC2408's internal MUX and then transfers the LTC2408’s 32-bit
* output conversion result to four consecutive 8-hit memory locations.
*

* % % % %

*

* 68HC11 register definitions *

*

PORTD  EQU $1008 Port D data register

* “-,-,SS*,CSK;MOSI,MISO,TxD ,RxD “

DDRD EQU $1009 Port D data direction register

SPCR EQU $1028  SPI control register

* “SPIE,SPE ,DWOM,MSTR;SPOL,CPHA,SPR1,SPRO”
SPSR EQU $1029  SPI status register

* “SPIF,WCOL, - ,MODF;- ,- ,-,- “

SPDR EQU $102A SPI data register; Read-Buffer; Write-Shifter

*

* RAM variables to hold the LTC2408’s 32 conversion result

*

00000000D00000D3200000000000
0040000000000000MUXOOO0O0O00O
0000005 000000000000000000
OPORTDOSPIDOOOODDOOOOODODDOOO
000000000000 D00000DO000DDoOn
OMUXOOOOOODODDODOODOO0OO0ODODOO0OO0O00sSs0oon
“« "00000000000LTC24080 00000000
000000000000 0CSADC/ICSMUXO O OO0
“« 1"000D00000D000000000DO0O0O0MUX
000000000000 D00000D00000D000
O000D 000000000 000000000Q
000D000000D00000400SPID0D0000
0000000000000 D0D0000000SSH H'O
000000000000 0000LTC24080 00000
000000000000 D00000D00000D000
000000000030 000000000280000
goMUXODOOOOOODOOOOO1e000000000
000000 DLTC13910 LTC24080 0 O 0 68HC110 O O
00000000020 00000

CLK ] 68HC11
SCK zi- SCK (PD4)
L1C2408 SDO == MISO (PD2)
CSADC =1 SS (PD5)
CSMUX —]21
Din MOSI (PD3)

24048 F27

g27z.sPi0000O00ODOOOOOOObOODO
LTC24080 68HC11 MCUO O O
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DIN1 EQU $00 This memory location holds the LTC2408's bits 31 - 24
DIN2 EQU $01 This memory location holds the LTC2408's bits 23 - 16
DIN3 EQU $02 This memory location holds the LTC2408's bits 15 - 08
DIN4 EQU $03 This memory location holds the LTC2408's bits 07 - 00
MUX EQU $04 This memory location holds the MUX address data

* Start GETDATA Routine *

*

ORG $C000 Program start location

* LDS $CFFF Top of C page RAM, beginning location of stack
INIT1 LDAA #$2F --1,0:1,1,1,1
* -, -, SS*-Hi, SCK-Lo, MOSI-Hi, MISO-Hi, X, X
STAA PORTD  Keeps SS* a logic high when DDRD, hit 5 is set
LDAA #3$38 --1,1;1,0,0,0
STAA DDRD SS*, SCK, MOSI are configured as Outputs
* MISO, TxD, RxD are configured as Inputs
* DDRD’s bit 5 is a 1 so that port D’s SS* pin is a general output
LDAA #$50

STAA SPCR The SPI is configured as Master, CPHA = 0, CPOL = 0
and the clock rate is E/2
(This assumes an E-Clock frequency of 4MHz. For higher
E-Clock frequencies, change the above value of $50 to a
value that ensures the SCK frequency is 2MHz or less.)

* % ko

GETDATA PSHX

PSHY

PSHA

LDX #$0 The X register is used as a pointer to the memory
* locations that hold the conversion data

LDY #$1000

* The next routine sends data to the *
* LTC2408 an sets its MUX channel *

*

LDAA $MUX Retrieve MUX address
ORAA #$08 Set the MUX’s ENABLE hit
STAA SPDR Transfer Accum. A contents to SPI register to initiate
* serial transfer
WAITMUX LDAA SPSR Get SPI transfer status
BPL WAITMUX  If the transfer is not finished, read status

*

* Enable the LTC2408 *

*

BCLR PORTD,Y %00100000  This sets the SS* output bit to a logic
* low, selecting the LTC2408

* The next short loop waits for the
* . TC2408's conversion to finish before

* starting the SPI data transfer *

*

CONVEND LDAA PORTD Retrieve the contents of port D
ANDA #%00000100 Look at bit 2

* Bit 2 = Hi; the LTC2408’s conversion is not

* complete

* Bit 2 = Lo; the LTC2408'’s conversion is complete
BNE CONVEND Branch to the loop’s beginning while bit 2 remains

* high
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* The SPI data transfer

*

TRFLP1  LDAA
STAA

*

WAIT1  LDAA
*

BPL

LDAA

STAA
INX
CPX
BNE

BSET

PULA
PULY
PULX
RTS

#%$0 Load accumulator A with a null byte for SPI transfer
SPDR This writes the byte into the SPI data register and
starts the transfer
SPSR This loop waits for the SPI to complete a serial
transfer/exchange by reading the SPI Status Register
WAIT1 The SPIF (SPI transfer complete flag) bit is the SPSR’s
MSB and is set to one at the end of an SPI transfer. The
branch will occur while SPIF is a zero.
SPDR Load accumulator A with the current byte of LTC2408 data
that was just received
0,X Transfer the LTC2408's data to memory
Increment the pointer
#DIN4+1 Has the last byte been transferred/exchanged?
TRFLP1 If the last byte has not been reached, then proceed to
the next byte for transfer/exchage
PORTD,Y %00100000 This sets the SS* output bit to a logic
high, de-selecting the LTC2408
Restore the A register
Restore the Y register
Restore the X register
[028.LTC2408-68HC11 MCUO OO D ODOOODODOOOODODOOO
5V
o ° l
il 4 3 [28 — 10pF
gl Muxout [ADCIN  [Vrer Voo T
TO -
17 _
] gﬂ? 1 CSADC %1 68HC1L
CSMUX ® SS (PD5)
24-BIT sck B2
LTC1391 goiie o [2—e SCK (PD4)
1 15 Din 2L — MOSI (PD3)
cHg —{ 50 D spo 22 MISO (PD2)
CH9 Y s1 Ve
CH10 - S2 % T
CH11 - s3 0 LTC2408 GND Fo — ﬂ:l_
CH12 =S4 CLR T 156,16,18,22, 27,28 =
CH13 —=— S5 cs = =
CH14 ——S6 Dout
CH].S h— 87 D|N 12 2404/08 F29

029.1600000000LTC13910LTC24080 0001
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*

* This example program loads multiplexer channels selection data into

* either the LTC2408's internal MUX or an external LTC1391 MUX. It then
* transfers the LTC2408’s 32-bit output conversion result to four

* consecutive 8-bit memory locations.

*

*

%k %k ok F

* 68HC11 register definitions *

*

PORTD  EQU $1008  Port D data register

* “-,-,S8* CSK;MOSI,MISO,TxD ,RxD

DDRD EQU $1009 Port D data direction register

SPCR EQU $1028 SPI control register

* “SPIE,SPE ,DWOM,MSTR;SPOL,CPHA,SPR1,SPR0O”
SPSR EQU $1029 SPI status register

* “SPIF,WCOL, - ,MODF;- ,- ,- ,- “

SPDR EQU $102A  SPI data register; Read-Buffer; Write-Shifter

* RAM variables to hold the LTC2408’s 32 conversion result

DIN1 EQU $00 This memory location holds the LTC2408's bits 31 - 24
DIN2 EQU $01 This memory location holds the LTC2408's bits 23 - 16
DIN3 EQU $02 This memory location holds the LTC2408's bits 15 - 08
DIN4 EQU $03 This memory location holds the LTC2408's bits 07 - 00
MUX EQU $04 This memory location holds the MUX address data

* Start GETDATA Routine *

*

ORG $C000 Program start location

INIT1 LDAA #$2F --1,01,1,1,1

* -, -, SS*-Hi, SCK-Lo, MOSI-Hi, MISO-Hi, X, X
STAA PORTD  Keeps SS* a logic high when DDRD, bit 5 is set

LDAA #3$38 --1,1;1,0,0,0

STAA DDRD SS*, SCK, MOSI are configured as Outputs
* MISO, TxD, RxD are configured as Inputs
* DDRD’s bit 5 is a 1 so that port D’s SS* pin is a general output

LDAA #$50

STAA SPCR The SPI is configured as Master, CPHA = 0, CPOL = 0
and the clock rate is E/2
(This assumes an E-Clock frequency of 4MHz. For higher
E-Clock frequencies, change the above value of $50 to a
value that ensures the SCK frequency is 2MHz or less.)

* % %

GETDATA PSHX

PSHY
PSHA
LDX #$0 The X register is used as a pointer to the memory
* locations that hold the conversion data
LDY #$1000
*
* The next routine sends data to the *
* LTC2408 an sets its MUX channel *

*

LDAA MUX Retrieve MUX address

TAB Save contents of Accum. A

SUBA #$07 Is the MUX address in the low nibble

BLE ENLWMX If it is, branch to enable the LTC2408’s internal MUX
TBA Restore contents of Accum. A

ORAA #$80 Enable the LTC1391 external MUX
BRA MUXSPI  Go to SPI transfer2400
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ENLWMX TBA

ORAA
MUXSPI  STAA
*

WAITMUX LDAA

*

Restore contents of Accum. A

#308 Set the MUX’s ENABLE bit

SPDR Transfer Accum. A contents to SPI register to initiate
serial transfer

SPSR Get SPI transfer status

BPL WAITMUX  If the transfer is not finished, read status

* Enable the LTC2408

*
BCLR
*

*

PORTD,Y %00100000  This sets the SS* output bit to a logic
low, selecting the LTC2408

* The next short loop waits for the
* . TC2408's conversion to finish before *
* starting the SPI data transfer *

*

CONVEND LDAA PORTD Retrieve the contents of port D
ANDA #%00000100 Look at bit 2
* Bit 2 = Hi; the LTC2408’s conversion is not
* complete
* Bit 2 = Lo; the LTC2408'’s conversion is complete
BNE CONVEND Branch to the loop’s beginning while bit 2 remains
* high
*
* The SPI data transfer *
*
TRFLP1  LDAA #$0 Load accumulator A with a null byte for SPI transfer
STAA SPDR This writes the byte into the SPI data register and
* starts the transfer
WAIT1  LDAA SPSR This loop waits for the SPI to complete a serial
* transfer/exchange by reading the SPI Status Register
BPL WAIT1 The SPIF (SPI transfer complete flag) bit is the SPSR'’s
* MSB and is set to one at the end of an SPI transfer. The
* branch will occur while SPIF is a zero.
LDAA SPDR Load accumulator A with the current byte of LTC2408 data
* that was just received
STAA 0,X Transfer the LTC2408's data to memory
INX Increment the pointer
CPX #DIN4+1 Has the last byte been transferred/exchanged?
BNE TRFLP1 If the last byte has not been reached, then proceed to
* the next byte for transfer/exchage
BSET PORTD,Y %00100000  This sets the SS* output bit to a logic
* high, de-selecting the LTC2408
PULA Restore the A register
PULY Restore the Y register
PULX Restore the X register
RTS
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