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PART TEMP. RANGE PIN-PACKAGE

MAX194ACPE 0°C to +70°C 16 Plastic DIP
MAX194BCPE 0°C to +70°C 16 Plastic DIP
MAX194ACWE 0°C to +70°C 16 Wide SO
MAX194BCWE 0°C to +70°C 16 Wide SO
MAX194AEPE -40°C to +85°C 16 Plastic DIP
MAX194BEPE -40°C to +85°C 16 Plastic DIP
MAX194AEWE -40°C to +85°C 16 Wide SO
MAX194BEWE -40°C to +85°C 16 Wide SO
MAX194AMDE -55°C to +125°C 16 Ceramic SB
MAX194BMDE -55°C to +125°C 16 Ceramic SB
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ABSOLUTE MAXIMUM RATINGS

VDDD 10 DOND ... eene e +7V
VDDA 10 AGND ..o +7V
VSSD to DGND.. +0.3V to -6V
VSSAtO AGND .....oovvorverees .+0.3V to -6V
VDDD t0 VDDA, VSSD 10 VSSA ......ovomvverrereneeeeeeesreeeenes +0.3V
AIN, REF oo (VSSA - 0.3V) to (VDDA + 0.3V)
AGND 10 DOND ... ees e eesenee s +0.3V

Digital Inputs to DGND...
Digital Outputs to DGND

-0.3V, (VDDA + 0.3V)
-0.3V, (VDDA + 0.3V)

Continuous Power Dissipation (Ta = +70°C)
Plastic DIP (derate 10.53mW/°C above +70°C) ............
Wide SO (derate 9.52mW/°C above +70°C)....
Ceramic SB (derate 10.53mW/°C above +70°C)
Operating Temperature Ranges

MAXL94 C_E ..ot 0°C to +70°C
MAX194 E E ..coooviiiiiiiiiin -40°C to +85°C
MAX194_MDE ...-55°C to +125°C
Storage Temperature Range ...........ccccoceeeenenne -65°C to +160°C
Lead Temperature (soldering, 10S€C) ........ccccvvevveernnrnne +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VDDD = VDDA = +5V, VSSD = VSSA = -5V, fcLk = 1.7MHz, VRer = 5V, Ta = TmIN to TMAX, unless otherwise noted. Typical

values are at Ta = +25°C.)

\ PARAMETER | SYMBOL | CONDITIONS MIN  TYP  MAX | UNITS
ACCURACY (Note 1)
Resolution RES 14 Bits
Differential Nonlinearity DNL +1 LSB
. . MAX194A +12
Integral Nonlinearity INL LSB
MAX194B +1
. . MAX194A, VRer = 4.75V +1
Unipolar/Bipolar Offset Error LSB
MAX194B, VRger = 4.75V +2
Unipolar/Bipolar Offset Tempco 0.4 ppm/°C
) MAX194A, VRer = 4.75V +1
Unipolar Full-Scale Error LSB
MAX194B, VRer = 4.75V +2
. MAX194A, VRer = 4.75V +2
Bipolar Full-Scale Error LSB
MAX194B, VRer = 4.75V +4
Full-Scale Tempco 0.1 ppm/°C
Power-Supply Rejection VDDA = 4.75V to 5.25V, VRer = 4.75V 65 dB
Ratio (VDDA and VSSA only) VSSA = -5.25V to -4.75V, VREF = 4.75V 65
ANALOG INPUT
Unipolar 0 Vv
Input Range - P REF \Y
Bipolar -VREF VREF
. Unipolar 250
Input Capacitance - pF
Bipolar 125
DYNAMIC PERFORMANCE (fs = 85kHz, bipolar range AIN = -5V to +5V, 1kHz) (Note 1)
Slgnal—to—Nmse plus Distortion SINAD 82 dB
Ratio
Total Harmonic Distortion
(up to the 5th harmonic) THD -90 dB
Peak Spurious Noise -90 dB
Conversion Time tconv 16 X tcLK 9.4 us
Clock Frequency
(Notes 2, 3) fcLk 1.7 MHz
Serial Clock Frequency fscLk 5 MHz
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ELECTRICAL CHARACTERISTICS (continued)

(VDDD = VDDA = +5V, VSSD = VSSA = -5V, fcLk = 1.7MHz, VRer = 5V, Ta = TmIN to TMAX, unless otherwise noted. Typical
values are at Ta = +25°C.)

PARAMETER SYMBOL‘ CONDITIONS MIN TYP MAX \ UNITS \
DIGITAL INPUTS (CLK, CS, CONV, RESET, SCLK, BP/UP/SHDN)

CLK, CS, CONV, RESET, SCLK _

Input High Voltage VIH VDDD = 5.25V 2.4 \Y
CLK, CS, CONV, RESET, SCLK ViL VDDD = 4.75V 08 v
Input Low Voltage

CLK, CS, CONV, RESET, SCLK 10 F
Input Capacitance (Note 2) P
CLK, GS, CONV, RESET, SCLK Digital inputs = 0V or 5V +10 HA
Input Current

BP/UP/SHDN

Input High Voltage ViH VDDD - 0.5 v
BP/UP/SHDN

Input Low Voltage Vie 0.5 v
BP/UP/SHDN e

Input Current, High lIH BP/UP/SHDN = VDDD 4.0 HA
BP/UP/SHDN e

Input Current, Low L BP/UP/SHDN = 0V -4.0 HA
BP/UP/SHDN

Mid Input Voltage Vim 15 VDDD - 1.5 v
BP/UP/SHDN Voltage, e

Floating VFLT BP/UP/SHDN = open 2.75 \%
BP/UP/SHDN Max Allowed BP/UP/SHDN = open -100 +100 | nA
Leakage, Mid Input

DIGITAL OUTPUTS (DOUT, EOC)

Output Low Voltage VoL VDDD = 4.75V, IsINK = 1.6mA 0.4 \Y
Output High Voltage VOH VDDD = 4.75V, IsourCE = 1mA vDDD - 0.5 \Y
DOUT Leakage Current ILKG DOUT =0V or 5V +10 HA
Output Capacitance (Note 4) 10 pF
POWER REQUIREMENTS

VDDD 4.75 5.25 \%
VSSD -5.25 -4.75 \Y
VDDA By supply-rejection test 4.75 5.25 \Y
VSSA By supply-rejection test -5.25 -4.75 \Y
VDDD Supply Current IbbD VDDD = VDDA = 5.25V, VSSD = VSSA = -5.25V 25 4 mA
VSSD Supply Current Issb VDDD = VDDA =5.25V, VSSD = VSSA = -5.25V 0.9 2 mA
VDDA Supply Current IDDA VDDD = VDDA =5.25V, VSSD = VSSA = -5.25V 3.8 5 mA
VSSA Supply Current Issa VDDD = VDDA =5.25V, VSSD = VSSA = -5.25V 3.8 5 mA
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ELECTRICAL CHARACTERISTICS (continued)

(VvDDD = VDDA = +5V, VSSD = VSSA = -5V, fcLk = 1.7MHz, VRer = 5V, Ta = TMIN to TmAX, unless otherwise noted. Typical
values are at Ta = +25°C.)

\ PARAMETER | symBOL | CONDITIONS MIN  TYP  MAX | UNITS

POWER REQUIREMENTS (cont.)

Power Dissipation VDDD = VDDA = 5.25V, VSSD = VSSA = -5.25V 80 mw

VDDD Shutdown Supply Current | VDDD = VDDA =5.25V, VSSD = VSSA = -5.25V, 16 5 A

(Note 5) DDD | Bp/UP/SHDN = OV : K
VDDD = VDDA =5.25V, VSSD = VSSA = -5.25V,

VSSD Shutdown Supply Current Issp BP/UP/SHDN = 0V 0.1 5 HA
VDDD = VDDA = 5.25V, VSSD = VSSA = -5.25V,

VDDA Shutdown Supply Current IDDA BP/UP/SHDN = 0V 0.1 5 HA
VDDD = VDDA = 5.25V, VSSD = VSSA = -5.25V,

VSSA Shutdown Supply Current Issa BP/UP/SHDN = 0V 0.1 5 HA

Note 1: Accuracy and dynamic performance tests performed after calibration.

Note 2: Tested with 50% duty cycle. Duty cycles from 25% to 75% at 1.7MHz are acceptable.
Note 3: See External Clock section.

Note 4: Guaranteed by design, not tested.

Note 5: Measured in shutdown mode with CLK and SCLK low.

TIMING CHARACTERISTICS
(vDDD = VDDA = +5V, VSSD = VSSA = -5V, unless otherwise noted.)

Ta = +25°C Ta=0°Cto | TA=-40°Cto | Ta =-55°Cto
PARAMETER SYMBOL |CONDITIONS TvpP +70°C +85°C +125°C UNITS

MIN MAX | MIN MAX | MIN MAX
CONV Pulse Width tew 20 30 35 ns
gﬁlﬂ\rﬁrgonicz:;{i(oia(l:\llﬁe 4) tcel 10 10 10 ns
(Szﬁi\clmgoni(z:;i(oﬁlzl\;]cﬂe 4) tccz 40 40 40 ns
Data Access Time tbv CL = 50pF 80 80 90 ns
Bus Relinquish Time tDH CL = 10pF 40 40 40 ns
CLK to EOC High tCEH CL = 50pF 300 300 350 ns
CLK to EOC Low tCEL CL = 50pF 300 300 350 ns
CLK to DOUT Valid tcp CL = 50pF 100 350 100 375 100 400 ns
SCLK to DOUT Valid tsp CL = 50pF 20 140 20 160 20 160 ns
CS to SCLK Setup Time tcss 75 75 75 ns
CS to SCLK Hold Time tcsH -10 -10 -10 ns
Acquisition Time tAQ 2.4 2.4 2.4 us
Calibration Time tcaL 14,000 x tcLk 8.2 8.2 8.2 ms
RESET to CLK Setup Time trRCS -40 -40 -40 ns
RESET to CLK Hold Time tRCH 120 120 120 ns
Start-Up Time (Note 6) tsu SESSZ\?\I” 3.2 us

Note 6: Settling time required after deasserting shutdown to achieve less than 0.1LSB additional error.
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! ) : !
SCLK .
(CASE 1) '
; ' X
SCLK |_l H H H H |i) |
(CASE 2) '

DouT 4‘—< B13 XB].Z X B11 B10

(CASE 3) . .

' MSB !
|
toy — > '<—>. .<— tsp

(=)

CASE 1: SCLK IDLES LOW, DATA LATCHED ON RISING EDGE (CPOL = 0, CPHA = 0)
CASE 2: SCLK IDLES LOW, DATA LATCHED ON FALLING EDGE (CPOL = 0, CPHA =1)
CASE 3: SCLK IDLES HIGH, DATA LATCHED ON FALLING EDGE (CPOL =1, CPHA = 0)

SUB-LSBs

SEAN

NOTE: ARROWS ON SCLK TRANSITIONS INDICATE LATCHING EDGE
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O01. OESROOOOOOOOO
COMPANY CAPACITOR FACTORY FAX [COUNTRY CODE] USA TELEPHONE
595D series,
Sprague 592D series [1] (603) 224-1430 (603) 224-1961
AVX TPS series [1] (207) 283-1941 (800) 282-4975
OS-CON series,
Sanyo MV-GX series [81] 7-2070-1174 (619) 661-6835
Nichicon PL series [1] (708) 843-2798 (708) 843-7500

BRIDGE

+5V

INSTRUMENTATION

AMPLIFIER

9 +

VDDA

VAV AV
MAX194

AN

» REF
-+ —L 0.1pF
L
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gobooooobod

gooooo

MAX1940 0000000000 00VOVDDAD OO
0000000000000000MAX194000
0000000000000 0040uWeysD 00000
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00000000000 +5v000000000000
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+15V
X +5V
0.1pF I J_ 01yF
= 1T
2 — 1k 16
Vin " VDDA
~, A N4 <
MAXIMN Wl MAXIMN
MAX874 0.1F MAX194
comp |2 2 I N7
1000pF 6 100
MAXIM 5 REF
6 T sosey 3 | MAX42Z
Vour *—o +
GND l ‘j Low VSSA  AGND
2 0.1pF 0.1pF ESR I I 1N914 15 th
— I I = = > —
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-5V

010. ACOOO0ODOOOO0OOOOO0OOOODOOn

ViN= 8V
2
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MAX6241
out

o

MAXIMN
1 MAX194

220F —_—

3

1pF 4

NR TRIM 5—>
GND

REF

10k 22uF ___0.1pF

AGND
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' L
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gboACOObOOO0ObObOOooboOoboOoooOlon
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+5V
VDDA
+15V
MAXIN
MAX194
AIN
INPUT — |4 1N914
CLAMPS VSSA
-15v
-5V
012. DOo0OOO0OoOOOOoOOoOoOOoOOobOOobOOoboOoDOo
||
N A0 Al
NI
—1 N2 MAX194
4-T0-1 2
MUX
>~ IN3 AIN
. INa ouT + I =

] ]

X CONVERSION \ AQUISITION
I A I A

/ > \i/ \

p |

)2 ‘
¢

t t

1 I
CHANGE MUX INPUT HERE

~
~

Al

013 OO0OO0O0ooooooobooobooboooboooobooOoboOoOobOboOoobooOoOoOoooDooboog
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QSPI MAXIW
MAX194
PCSO » CS
CONV
SCK »1 CLK
MISO [ DOUT
GPT N SCLK
*0C3 »| BP/UP/SHDN
4C1 [ EOC
*0C2 »| RESET
* THE USE OF THESE SIGNALS ADDS FLEXIBILITY AND FUNCTIONALITY
BUT IS NOT REQUIRED TO IMPLEMENT THE INTERFACE.

017. MAX1940 QSPIO
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CS, CONV

]

CLK

)2
149

~
~

LT

EOC

DOUT

I

I

.

I_{ 13 FROM PREVIOUS X::(

"\ CONVERSION ><Bl3>< B12 BO X st X S0

X B13 —

I
toy—1 —» et

DATA LATCHED: f ? ? ?

i

bttt

018, OD1vO00o0O0O0O0OO0OO0ODOOOO0bOO

QSPI NAXI/
MAX194
PCSO 1 CS
SCK | scLk
MISO |- DOUT
GPT  OC3 »-| BP/UP/SHDN
IC1 [ EOC
0c2 | RESET
CONV
Ic3 CLK
A
74HC32
1.7MHz
—>| |<—l.3ps
_ T
START
019. MAX1940QSPID DO OIDOODOOOOOODO
JopoosCclkDOoooooooooon

MICROWIRED National Semiconductor Corp.0 00 OO0

MNAXIWN
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START

EOC

~
~

SCLK Iy )
¢ (€

22
(¢

T

4.19MHz

239ns

22 22
€ (€

DouT
CONVERSION TIME

«—— 13us —>|<—94ps—>|<—17ps —>|<7 5.1s 4>|<—4ps —>|

020. D1o00oooobOoboboooo

goooooobDoOMAXI940 000000 EVOOOO
00O Motorolad 68HC160 0 0000 O0DODOO
MAX194OEVO O ODOOOOOODOOOOOODOO

obozooooooooon

goooooobOoooooEewkyooogooonoDo
(SCcLK)ooooDoOoooOoooDOooboOoooooo
gooooobOoo0oooobboooooooceeK
gobooooobooooboooooboboooooog
ooooooO0O00o0o0oobooDbODbbOO000DQSPI
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0000000QSPIODNDOOOOOO (4.19Mbps)C
0000000000000 00000000000
000000000000 000000oooooo
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SCLKOODOUTO OOO(tsp)0 000000000
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00010CLKOOOOOOO0OOSPIOOOODOO0O
0000000000D000000000O00SCLK
000000000000000000

gobooobooobooboobooooo

goobobooooobooboboooooboobobo
gooooobboooooooooobobobooooo
gooboboooobobbooooobboooob22
goobobo0ooz2000000000000DOO00
oobDOoOMAX140 000000000 DOO0O0ODDOO
gooooooooooboobocooooboobooo
ooooooOo@oQ)booooooooooood
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* MAX194 code listing for 68HC16 module and circuit of Figure 19 *
* (C) 1994 Maxim Integrated Products *
* *
* Written for use with the Motorola 68HC Macro Assembler - Vers. 4.1 *
* Uses the QSPI in Master mode to read the MAX194. *
*
* Pin assignment for MAX194
*
ShdnPin EQU $20 ; BP/UP = 0OC3
ResetPin EQU $10 ; RESET = oc2
EOCPin EQU $01 ; /EOC/ = IC1
DoutFrom194 EQU $01 ; DOUT = MISO
SCKto194 EQU $04 ; SCLK = sCK
CSto194 EQU $08 ; /CS/ = PCSO/\SS\
Start EQU $04 ; Start = IC3
*
* QSPI initialization parameters
*
SPBR EQU $2 ; QSPI baud rate = (16.78MHz/(2*SPBR)) = 4.19 MHz
cPoL EQU 30 ; serial clock is low when idle
CPHA EQU $0 ; CPOL=CPHA, so data is valid on rising edge of clock
BITS EQU $10 ; bits per transfer field = 16
DSCKL EQU $2 ; delay before SCK = (DSCKL/16.78MHz) = 119 nsec
DTL EQU $1 ; delay after transfer = (DTL*32/16.78MHz) = 1.19 usec
NEWQP  EQU $0 ; pointer to first valid queue entry
ENDQP EQU $1 ; pointer to last valid queue entry
H*kk *kk
* Start of main program *
dekk *kk
MAIN:
* Initialize the GPT module as a general purpose 1/0 port
*
; GPT pins that are initially high
LDAA #(ResetPin)!(ShdnPin)!(Start)
STAA GPTPDR ; general purpose timer register
; GPT pins that are outputs
LDAA #(ResetPin)!(ShdnPin)!(Start)
STAA PDDR ; pin data direction register

* Initialize the QSM / QSPI
*

; List of QSM pins that are high by default

021. 68HC160 00O O0O0ODODO1O00000DOOOMAXI940000000D000O

MAXIWV

19

V6 ITXVIN



MAX194

140000 0085kspsl0ust O O 0O0000ADC

LDAA #(CSto194)!1(SCKto194)
STAA QPDR ; QSPI port data register

; list of pins that are assigned to the QSPI

H

LDAA #(CSto194)!(SCKto194)! (DoutFrom194)

STAA QPAR ; QSPI pin assignment register

; list of QSM pins that are outputs

h

LDAA #(CSto194)!(SCKto194)

STAA QDDR ; QSPI data direction register

; QSPI Setup - Master Mode

CLR SPCR3 ; disable halt mode interrupt

LDD  #(((BITS)&$OF)*$0400) ! ((SPBR)&SFF)!($8000)! ((CPOL)*$200)! ((CPHA)*$100)

STD SPCRO ; QSPI in master mode,16 bits per transfer,4Mhz baud rate

; SCK inactive low, data captured on leading edge of SCK
LDD #((DSCKL&$7F)*$100)! (DTLES$FF)

STD SPCR1 ; delay before SCK = 119ns, delay after transfer = 1.1%us

; QSPI Setup - No Wrap

LDD  #((ENDQP&SOF)*$100) ! (NEWQP&$OF )

STD SPCR2 new queue pointer = 0, end queue pointer =1

* Reset the MAX194.

WaitHigh1:

WaitLowl:

BCLR GPTPDR,#ResetPin take MAX194 RESET pin low

BRCLR GPTPDR,#EOCPin,WaitHigh1 ; wait until EOC goes high

BSET GPTPDR,#ResetPin take MAX194 RESET pin high

BRSET GPTPDR,#EOCPin,WaitLowl wait until EOC goes low

; prime the ReadMAX194 routine by starting a conversion

; pulse Start pin(IC3), conversion start command; must be externally sync'd with CLK

BCLR GPTPDR,#Start ; clear Start, Start is low

LDAA #2 ; loop count (delay >= 2/Fclk)
PulseWidth1:

DECA ; decrement loop count

BNE PulseWidth1

BSET GPTPDR,#Start ; set Start, start is high

*

* ReadMAX194:

*

021. e8HCleU DU O0OOO™O 0000 OoOooOoMAXI400 0000000000 DOd
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Loop1:

; QSPI Setup - No Wrap
LDD  #((ENDQP&SOF)*$100) ! (NEWQP&S$OF)
STD SPCR2

; QSPI enable
BSETW SPCR1,#$8000
BCLR SPSR,#$80

WaitForQSPI: ;
BRCLR SPSR,#SPSRSPIF,WaitForQsPl

; start the next conversion
; pulse Start pin (IC3)

BCLR GPTPDR,#Start
LDAA #2
PulseWidth2:

DECA

BNE PulseWidth2
BSET GPTPDR,#Start

LBRA ReadMAX194

BRSET GPTPDR,#EOCPin,Loop1 ; wait until EOC is low

wait until the QSPI finishes

; clear Start, Start is low

; set Start, Start is high

; clear QSPI finished flag (SPIF)

; loop count (delay >= 2/Fclk)

; decrement loop count

; tong branch to ReadMAX194

021. e8HC160 0O OOODOO100000D0O00O0OMAXI4000000000000DOAO

A0000b000ooboobooboooboobooboooobo
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000000000000 O0OOOO0Ooooooon

gobooooobooooobooboooobbooooobboo
gboobooooboobooboboooooobooboobo
obooooooooobobobooOsmADOO00000.1Q0
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