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Complete High-Speed CMOS 12-Bit ADC- - -

General Description
"The MAX162and MX7572 are complete 12-Bit analog-

Features

12-Bit Resolution and Linearity

|
|

to-digital converters (ADC's) that combine high speed,
low power consumption, and an on-chip voltage
reference. The conversion times are 3us (MAX162)
and 5 and 12us (MX7572). The buried zener reference
provides low drift and low noise performance.

External component requirements are limited to only
decoupling capacitors for the power supply and
reference voltages. On-chip clock circuitry is also
included which can either be driven from an external
source, or in stand-alone applications, can be used
with a crystal.

The MAX162/MX7572 uses a standard microprocessor
interface architecture. Three-state data outputs are

eoesoe oo

3us (MAX162), 5u8 and 12us (MX7572)
Conversion Times

No missing Codes
On-Chip Volitage Reference
90ns Access Time

215mW Max Power Consumption
24-Lead Narrow DIP Package

Ordering Information

CLSLXN/CILXVIN

controlied by Read (RD) and Chip Select (CS) inputs. [ - PART TEMP. RANGE _ PACKAGE'  ERROR |
Data a:;celss and bus releats'g.lgitr;wes'"o‘f 90 ?nd 75.ns 38 CONVERSION TIME
respectively ensure compatibility with most popular . . -
microprocessors without resorting to wait states. MAXIG2ACNG __ 0°Clo «70°C  Plastic WP 1% LSB
MAX162BCNG 0°Cto +70°C  Plastic DIP  +1LSB
Applications | o G CoeC Pasic OF 27 isB
Digita! Signal Processing (DSP) MAX162ACWG 0°C to +70°C  Wide S.O. 1% LSB
High Accuracy Process Control MAX162BCWG  0°Cto +70°C  Wide SO. 1188
High Speed Data Acquisition MAX162CCWG  0°C 1o +70°C  Wide S.O +1 LS8
UIS|
gh Spe _ cq MAX162CC/D 0°C to +70°C  Dice"* +1158
Electro-Mechanical Systems MAX162AING  -25°C 1o +85°C__ Plastic DIP _ +% LSB
MAX162BING  -25°C 1o +85°C  Plastic DIP =1 LSB
Functional Diagram MAX162CING  -25°C 10 *85°C  Plastic DIP =1 LSB
MAX162AMRG  -55°C to +125°C CERDIP +' LSB
MAX162BMRG  -55°C 10 +125°C CERDIP +1LSB
o MAX162CMRG  -55°C 1o +125°C CERDIP 1 LSB
T T Tl T+ TAn devices — 24 isad packeges - - - - =
g “" ** Consull tactory lor dice specilications
LI Ordering Intormation continved on last page.
%O - -
-2 T " Pin Configuration
Yoo
NEFERENCE E-
s | T e
MAXIAN A
MAX162 adild
MX7572 AN = Voo
Vaer 3 [n] Vss
12-0T LATCH __!L o AEND E ) m
' ' bt r%ﬂ ou [ ]
1 . D;“ . 010 (5] m
= NUTPLEER [ . o (7] ;‘;;;‘"é;’ HBEN o7
et .!_ul "t 08 (7] MX7572 CLK QUT
a8 TSt STt o | TE 07 [ CLOCK N
e vens 08 [ D078
—_ i1
OO L O L L GO = e
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_ Complete High-Speed CMOS 12-Bit ADC

ABSOLUTE MAXIMUM RATINGS

MAX1 62/MX7572

}
I |

Voo to DGND
Vss 1o DGND ...
AGND to DGND
AIN to AGND

(Pins 17, 19-21)

Digital Output Voltage to DGND
(ping 4-11, 13-18, 18,722) -

Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage 10 the device. These are stress ratings only, and

Digital Input Voltage to DGND

0°C to +70°C

0.3V to +7V Operating Temperature Ranges

+0.3V to 17V MAX162XC, MX7572JN, KN, LN,
-0.3V, Vpp +-0.3V -  JCWG, KCWG, LCWG

-15V to +15V MAX162XI, MX7572AQ, BQ, CQ

0.3V, Vg + 0.3V

-0.3V, Vpp + 0.3V

functional operation of the device at these or any other conditions above those indi d in the oper

implied. Exposure 10 absoiut

MAX162XM, MX7572SQ,
Storage Temperature Range
Power Dissipation (any Package) to +75°C

- Derates Above +75°C by
Lead Temperature (Soldering 10 seconds)

-25°C to +85°C
-55°C to +125°C
-65°C to +160°C

1000mwW
10mwW/°C
+300°C

TQ.uQ ...

Jm ratings cond,

ELECTRICAL CHARACTERISTICS

(VDD = +5V £5%. Vss = - 15V 5% Slow Memory Mode. TA = TMIN 10 TMax unless otherwise noted

fCik = 4MHz for MAX162. 2. 5MHz for MX7572XX05 and 1MHz for MX7572XX12)

ions of the specifications 13 not

for sxtended periods may affect device reliability.

PARAMETER 'symBoL! CONDITIONS 1T MIN  TYP  MAX | ““”ﬂ
ACCURACY ,
Resolution T2 f Bis |

T —
- - - - - | MAX162A MX7572UC/IU | Ta=25'C 12
i I Non- " INL | MAX162AC. Al MX7572L/C 1172 1 LS8
ntegralNon-Lineanty MAX 162AM, MX7572U =3/
| MAX1628/C. MX7572K/BIT/JIASS £ |
Differential Non-Linearity DNL | Guaranteed Monotoruc Over Temp. 21 | LS
% LB
MAX162C. Ta=25C s |
MX7572J/A/S Ta = TMIN to TMax *6
MAX 1628, Ta=25C +3
Offset Error (Note 1) ) MX7572K/B/T Ta = ThiN 10 TaX =5 | 5B
MAX162A, Ta =25'C +3 !
MX7572U/CIU Ta = TMIN 10 TMAX x4 | |
| MAX162C, e ‘
l_Mx7s72J/A/s | Ta=25C | 15
Full Scale Error (Note 2) rinaliz Ta=25C £10 | 158
MAX 162A, e ‘
MX7572L/CN) Ta=25¢C | $10 I,

- - : - MAX 162C. MX7572J/A/S ' 145 I
Full Scale Tempco (Notes 3. 4) MAX 162B/A. MX7572K/B/T. MX7572L/C/U | 25 ' pom/C |
ANALOG INPUT i
Input Voltage Range For Bipolar Input see Figures 19-21 ¢} S | v }
input Current AIN = OV 10 +5V 35 | mA |
INTERNAL REFERENCE ~ ]
VRgr Output Vollage Ta=25C 52 525 53 v o

MAX162C. MX7572J/A/S 40 |

VreF Oulput Tempco (Note 5) MAX 162B/A, MX7572K/B/T. MX7572LICIU 20 ppm/C |
Output Current Sink Capability {Note 6) 5 uA_—‘[
MAXI/V

Tournez la page S.V.P.



Complete High-Speed CMOS 12-Bit ADC

ELECTRICAL CHARACTERISTICS (Continued)

(VDD = +5V 5%, Vss = - 15V £5%: Slow Memory Mode: Ta = TMiN to Tmax unless otherwise noted

fCcLk = 4MHZ for MAX162. 2.5MHz for MX7572XX05 and 1MHz tor MX7572XX12)

|symeoL |

PARAMETER CONDITIONS MIN  TYP MAX | UNITS |
POWER SUPPLY REJECTION ]
Vpo Only FS Change. Vss = -15V. VppD = 4 7510 5.25V +1/2 LSB

FS Change. Vpp = 5V
Vss Only MAX 162/MX7572 Vss = -14.25V 10 -15 75V +1/8 LSB
MAX 162 Vss = -11.4V 10 -12.6V +1/8 l LSB
LOGIC INPUTS
Input Low Voltage viL | CS.RD.HBEN,CLKIN 08 , V
Input High Volage Vin | CS. RD. HBEN, CLKIN 24 [ v ]
Inpul Capacitance (Note 7) CiN CS. RD. HBEN, CLKIN ! 10 L pF
Input Current hn EEK::;‘? HBEN. VIN =Qto VDD ‘ iég 5 HA ’
LOGIC OUTPUTS T
Output Low Voltage VoL | D11-D0/8. BUSY. CLKOUT Isink = 1 6mA 04 | v |
Output High Voltage Von | D11-D0/8. BUSY. CLKOUT ISOURCE = 200pA 4 bV
Floating State Leakage Current | kG D11-D0/8. VouT = OV to Vop +10 } HA |
.
Cantctance (Noie?) Cour S| PF
CONVERSION TIME
Synchronous 325 |
MAX162 'Conv | feuk = 4MHz Aaymcnromass 3 3251 S
(1210 13 clock cycies) | |
Synchronous 5 —i
MX7572XX05 tCoNV | ICLK = 2 5MH2 oot es) 8 52 | HS |
(1210 13 clock cycies) ! !
Synchronous 125 l i
MX7572XX12 1CONV | fCLK = IMHZ e sycles) 12 ;| ows |
(12 to 13 clock cycles) l
POWER REQUIREMENTS 1
VoD | +5% for Specihied Performance 475 5 525 | v )
Vss (Note ) | B ez AR
oD CS = RD = Vpp. AN = 5V 5 7 mA
1SS CS = RD = VoD, AIN = 5V 8 12 | mA
Power Dissipation i VDD = +5V. Vss = -15V 145 215 1 mw

Note 1: Typical change over tlemp is $1LSB

Note 2: VDD = +5V. Vss = -15V. FS = +5.000V, Ideal iast code transition = FS -3/2LSB

Note 3: Full Scale TC = AFS/AT, where AFS 1s full scale change from Ta = 25°C 10 TmiN of TMAX.

Note 4: Includes internai reference drift

Note 5: Vrer TC = AVREF/AT. where AVREF is reference voltage change from Ta = 25°C to Tmin of TMAX.

Note 6: Output current shouid not change durnng conversion
Note 7: Guaranteed by design. not subject to test

Note 8: Vss = -12V 5% for the MAX162 only. Functiona! operation 1s guaranteed by testing offset error and fuli scale error

VAKX
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Complete High-Speed CMOS 12-Bit ADC

TIMING CHARACTERISTICS (Note 9)

(Vop = *SV. Vgg = =15V: T, = T, 10 T,,ux Uniess otherwise noted )

MAX162/MX7572

- T,2C | wxrsraa | MAXie2M
PARAMETER | sYmsoL | CONDITIONS MX7572a/B/C | MX75T2STU |y 1s
MIN TYP MAX | MIN MAX MIN MAX
CS 1o RD Setup Time 1, 0 0 0 ns
RD to BUSY Delay 1, C, = 50pF % 190 230 270 | ns
Data Access Time (Note 10) A gt : 338:;: ‘7;8 ;9205 :;g :;8 ns
RD Pulse Width L L Yy ty
CS to RD Hold Time 1 o o - O~~~ - ns—f——
EJ:':: (S:(;)up Time After BUSY t 70 %0 100 ns
Bus Relinquish-Time (Note 11) | . t, o 2 _ 75 20 85 20 0 ns
HBEN to RD Setup Time 1 0 0 o ns |~
HBEN to RD Hold Time t ] 0 0 ns
Delay Between Read Operations to 200 200 200 ns
Note 9:  Timing specifications are sample tested at 25°C to ensure compliance. All inputcontrol signats are-specitied with — —
t, =t = 5ns (10% to 90% of +5V) and timed from 8 voltage leve! of +1.6V.
Note 10: t, and g are measured with the foad circuits of Figure 1 and defined as the time required for an output to cross
Note 11: ?78: :e'fs;:x as the time required for the data lines 10 change 0.5V when loaded with the circuits of Figure 2.

08N O—
&0

v
*0
ooN
G
l GND

b. High-Zto Vo (13) and Vou to Voo (ts)

1.
I

a. High-Z to Vow (t3) and Vo 10 Vor (ts)

=  UGND

Figure 1. Load Circuits for Access Time

v

%0

DBN o— 08BN

X0 10pF

L
L [

b. Vou to High-Z

= 06N0 OGND

a. Vo 1o High-Z

Figure 2. Load Circuits for Output Float Delay

MAXIs/n
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Complete High-Speed CMOS 12-Bit ADC

Pin Description

| PN | NamME FUNCTION ‘ PIN , NAME | FUNCTION
1 AIN | Analog Input 0 to -3V umipalar input ;19 . HBEN ' High Byle Enable Input This pin-s
| i ! i usec to multipiex the internal 12-oit i
I 2 i Vaer | -525V Reference Output | j \ i conversion result 1nto the lower by!
| . - | | ; ., outputs (D7-D0/8) HBEN aiso cisables
[ AGND | Anaiog Ground | ! i conversion starts when HIGH  ~
= . - 1
l 4-11 D11-D04 Three-State Data Outputs | 20 RD READ Input This active low signal y
| ; starts a conversion when CS and. ‘
12 DGND | Digital Ground | HBEN are low RO also enabies the
| | l ! output drivers when CS is low
1316 [D3/11-00/8] Three-State Data Outputs | - ! )
! 21 i [0 The CHIP SELECT input must be low
17 CLKIN | Clock Input An externai TTL/CMOS ! ! for the ADC to recognize RD ang i
! compatible clock may be appled to H HBEN inputs
! this pin or a crystal can be connectec | [ — ]
between CLKIN and CLKOUT ‘ i 22 | BUSY The BUSY Output is low when a '
| | : : CONVersion 1S 1N Progress ° : i
18 | CLKOUT | Clock Output An inverted CLKIN | i : :
1 signai appears at this pin ' L2 Vss Negative Supply. -15V for Mx7372 ang
- : -15V or -12V for MAX162
! PL I Voo Positive Supply, <5V '
Data Bus Output, CS & RD = LOW _ . :
[Pina | PinS | Pin6 | Pin7 | Pin8 | Pin9 | Pin10 | Pin 11 | Pin 13 | Pin 14 _ Pin 15 - Pin 16 |
MNEMONIC® | D1 0w | D9 | DB D7 06 ' D3 D4 | D311 D210 | D/9 D08 |
HBEN = LOW | DB11 | DB10 | DB9 | DB8 | DB7 | DBS | DBS ; DB4 | DBI | DB2 | DBY | 0BO
HBEN = HIGH | DB11 | DB10 | DB9 = DB8 | LOW ' LOW ; LOW | Low | o811 1 oBw0 | pBy ! DBs
Note:
DN . D0/8 are the ADC data output pins
D81 DBO are the 12-bit conversion results, DB 11 15 the MSB
Converter Operation
The MAX162 and MX7572 use a successive approxi-
mation technique to convert an unknown analog input
. to a 12 bit digital output code. The control logic
ANALOG provides easy interface to most microprocessors.
eyt @ s Most applications require only a few external passive
v 00T s components to pertorm the analog-to-digital function.
° outPut Figure 3 shows the MAX162/MX7572in its simplest
}Efwm operationai configuration.
WPYTS
Figure 4 shows the MAX162/MX7572analog equivalen!
s circuit. The internal voltage output DAC is controlled

S———
‘n-———— uP GATA BUS ———1
NOTES

MAX162 - 4MHI CAYSTAL.CERAMIC AESONATOR.

MX7S72XX05 - 2 5MH? CRYSTAL,.CERAMIC ARESONATOR

MX7S72XX12 - 1 OMN2 CRYSTAL.CERAMIC RESONATOR .

C1 AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL.CERAMIC
AESONATOR MANUFACTURER TYPICAL VALUES ARE FROM 0 TO 10007

Figur
vl

e 3. MAX162 ".:+"277 Operational Diagram

1K\

by a successive approximation register (SAR) and
has an output impedance of 2.5k). The analog input
i1s connected to the DAC output with a 2.5k{2 resistor.
The comparator is essentially a zero crossing detector
and its output is fed back to the SAR input.

Conversion start is controlled by the CS. RD and HBEN
digital inputs. A conversion starts at the falling edge of
CS and RD while HBEN is low. Once started. conversion
cannot be stopped. The BUSY output goes low as soon
as the conversion starts. BUSY may be used to control
an external sample-and-hold when wide bandwidth
input signals are being measured

CLSLXWN/COLXVYIN



MAX162/MX7572

Complete High-Speed CMOS 12-Bit ADC

... Clock Operation

] [AEN 25k
Ir w 3;5{0-1 COMPARATOR
M ¥ -
K
[y — ~
L4 =
L SAR
MAXIMN
MAX162 L
MX7372 12817
l LATCH

Figure 4. MAX162; 1127572 Analog Equivalent Circuit

The SAR is set to half scale as soon as the CS and
RD inputs go low. This reset is asynchronous with the
clock input. The analog input is then compared to
one half of the full scale voltage. About 30ns atter the
second falling edge of CLKIN (or rising edge of
CLKOUT), the output of the comparator is latched
into the SAR MSB bit (see Figure 5). The bit is kept if
the analog input is greater than half scale, or dropped
if it :s smaller. The next bit (it 11) is then set with the
DAC output either at 1/4 scale (it the MSB was
dropped) or 3/4 scale (if the MSB was kept). The
conversion continues in this manner until the L.SB is
tried. Following a falling CLKIN signal, the BUSY
output goes high and the SAR result is latched into

Clock Oscillator

Figure 6 shows the MAX162/MX7572clock circuitry.
The capacitive load on the CLKOUT pin must be
minimize¢ for low pcwer dissipation and to avoid
digital coupling of the CLKOUT tutfer currents to the
comparator. If an external clock source is being used
to drive CLKIN. CLKOUT should be left open The
external clock source must have a 50% duty cycle. It
the internat osc:llator is being used, a crystal/ceramic
resonator should be connected between CLKOUT
and CLKIN as shown n Figure 6.

ey, sloicour MAX 162
| MXTE7D
C2 =
l‘—r—”m*bo—bo—bo-ﬁ—. C:0ck '
- N l’ MO
H

NOTES:

MAX162 - 4MHZ CRYSTAL/CERAMIC RESONATOR

MX7572XX05 - 2.5MH2 CRYSTAL:CERAMIC RESONATOR.

MX7572XX12 - 1.0MHz CRYSTAL,CERAMIC RESONATOR.

C1 AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC
RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM 0 TO 100pF

Figure 6. MAX162::r7:7 " Internai Clock Circur!

the three-state output buffers.
T

BUSY \

-— 30ns TYP

CLK IN

Lot me

} ) ' )
1 l i
0811 08iC 081 080
i {MSBI 1LSB]
[ —J
Figure 5. Operating Waveforms Using an External Cicck Source for CLKIN
e —_ - . VAKXV
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Complete High-Speed CMOS 12-Bit ADC

Control Input Synchronization

In appiications where the RD control input is not
synchronized with the ADC clock. the conversion
time can vary from 12 to 13 clock cycles. The SAR
changes state on the falling edge of the CLKIN input
{or nsing edge on the CLKOUT pin). To ensure a
tixed conversion time use the following guidelines for
synchronization:

MAX162

For the MAX162 the RD input should go low at the
falling edge of CLKIN. In this case the conversion
lasts 13 clock cycles and the conversign time is 3.25us
when 1 ¢ = 4MHz. It the CLKIN and RD falling edges
are skewed, the skew must not be more than 50ns to
ensure the 13 period conversion time (See Figure 7).
The MSB is tried at the second clock falling edge,
leaving two clock cycles for the external sample-and-
hold to settle from hola transients

MX7572

The MX7572 RD input can go low at the nsing edge
of CLKIN. In this case the conversion lasts 12.5 ciock
cycles and the conversion time is Sus when 1 =
2.5MHz and 12.5us when fc « = TMHz. The gelay from
the falling edge of RD to the talling edge of CLKIN
mus? not be less than 180ns to ensure the 12.5 clock
cycle conversion time (See Figure 8). This leaves :ne
external sample-and-hold 1.5 clock cycles to settle
from hold transients. An additional half clock cycle of
settling can be allowed for driving the sample-and-
hold by having RD go low at the talling edge of
CLKIN, similar to the MAX162. Trnis resullts In a
13 cycle conversion time {5.2us when fs = 2 5MHz.
13us when 1o« = 1MHz).

547 —\K_ / /

[ 7

_’lZE—-

BUSY x\

j— 50ns MAX
je— 5003 MAX
oan
ms8)

L

Y

0810 081 080
[183:}

Figure 7. MAX162 RD and CLKIN For Synchroncus Operation

i\
d, e

/ [/

w7

&\
Y

i
— j tcony )
BUSY i )

| <

e 18005 MIN i

oL

381 0810 D81 280
IMS8| 1881

Eigure 8 Mx7372 RD and CLKIN For Synchroncus Operaticn

MmAaLimwvy
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MAX162/MX7572

Complete High-Speed CMOS 12-Bit ADC

MAKIE7 5
SN -
13{48FN CONVEASICN STANY
— L v [NISING EIGE TAIGSER!
216§ -
] 4w
Zim.
7 Cian
? . soe —!
ACTIVE NGH  iWARLE TMALESTATE QUTPY?S
- [N TR THER T
KCTISE WSK ENaB.E THAEE STATE QUTPU!S
2 28 = 30 11}

3!

? 04 = w
N1

[ R ENLA pili

“NCTE 91
bLA

00.8 ARE Twi 40T DATA SUTAUT Ping
D00 ARE THE 12 1T SONVERS:ON RESULTS

Figure 9. Logic Equivalent for RD. CS ang HBEN inputs

Digital Interface

Output Dats Format

Tne 12 output daia bits can erther be presented full
parallel or in two 8 bit words. To obtain parailel output
for 16 bit processors, HBEN should be kept low and
the output gata D11-DO will be right justified.

For a two byte data read. outputs D7-D0/8 are used.
Byte selection is controlied by HBEN which multipiexes
the data outputs. When HBEN is low, the lower 8 bits
are presented at the data outputs. When HBEN is high.
the upper 4 bits are presented with the leading 4 bits
being low for D7-D0/8.

Note that the 4 MSB's always appear at digital outputs
D11-D8 whenever the digital drivers are enabled, re-
gardless of the state of HBEN.

Timing and Control

Conversion start and data read operations are con-
tralled by three digital inputs; HBEN, CS and RD.
Figure 9 shows the logic equivalent for the conversion
and data outpu! controi circuitry. A iogic low is re-
quired on all three inputs to start a conversion. Once
a copnversion is in progress. it cannot be re-started
Tne BUSY output is low curing the entire conversion
cycle.

There are two modes of operation as outlined in the
timing dragrams of Figures 10-13. Siow memory mode
is intended for processors that can be forced into a
WAIT state for periods as long as the MAX162/MX7572
conversion time. ROM mode is for processors that
cannot be forced into a wait state. In both operatiora!
modes, a processor READ operation to the ADC
acdress starts the conversion. In the ROM mode. a
second READ operation is required to access the
conversion result.

1 r— Iy ‘*— —>{ [§]
RO X(
—>}i 7 | ‘tony At 14— g
— e —»5 5 |— — 1 -—
o — R {

Figure 10. Siow Memory Mode. Paraliel Reacd Timing Diagram

Tabie 1. Slow Memory Mode, Paraliel Read Data Bus Status

MAX162/MX7572 Data Outputs [*2)} D10 D9 D8 ] D7 | Dé DS D4 | D3/11|D2110 DV/3 : DO/8
| Reac ip81 {DB0. DB DBB DB7 | DBE | DBS DB | OB3 | 082 DB | 080
— Vi XKI2v|

Tournez la page S.V.P.
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Complete High-Speed CMOS 12-Bit ADC

2w

HBEN :%
-

3 |— — 3

|

lq—[‘

LD

)

0L0 QAT NEW DR X
uh 087-080 X 087-080 £

— 1} j— -——:s-n———l:r—

@
w|
<
lu
&
<
b3
3

NEW DATA

0811-088

F:gure 11. Slow Memory Mode. Two Byte Read Timing Diagram

Table 2. Slow Memory Mode, Two Byte Read Data Bus Status

| MAX162/MX7572 Data Outputs | D7 D6 Y]

Da D3 D2/10 D1/9 Do/8
: First Read ! os7 D36 385 | D84 DB DB: D31 DBC
. Seccng Reac U ow LOW Low | Low DB DB1G DBS | DB8

s T
—| 1 Yy ——i Isé
t H
i i

— 2} E'cw ->l 12 [ teony >
s i 2 ]y—
! ,
lg-—-»«l |-— —>i!,‘-<— —=| ) f— —-l 17 Je—
g 0.0 DATA NEW OATA
oATa 0811-080 k. 081-080
F:gure i2. ROM Mooe. Paraliel Reac Timing Diagram
Table 3. ROM Mode, Parallel Read Data Bus Status
{ MAX162/MX7572 Data Outputs D D10 D9 | D8 | DT D6 DS ; D4 D3/11|D2/10 DVS DO:8
First Read (Otd Data) 1?.'JBH Il.)B‘O D89 | DBe l DB7 DB6 . DB5 | OB4 ©OB3 ! D82 , DB*  DBO
Second Read {03100/ Des | DEs DE7 DB6 | DBS | CB4 0B3 | D32 | DB1  D8Y

/WiAXI/v1
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MAX162/MX7572

- 11 -

Complete High-_Speed CMOS 12-Bit ADC
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\
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N

<——ho—>1 12

NN

—— r——i‘lcu-v

- Arae

e —y 17 |-

|
— {13 | — —.—l Iy'ﬂ—

AT SIEEVEVER; { NEw NEW DATA
087-080 K _08!1-088 087.080
Figure 13. ROM Mode. Twc Byte Read Timing Diagram
Table 4. ROM Mode, Two Byte Read Data Bus Status
MAX162/MX7572 Data Oulputs D7 D6 ' Ds | Da | pam D2/10 D19 oo/8 |
First Read (Od Data) DB7 ' D86 | DBS oe« | o83 | oB2 | 0B | oo |
Second Read [ tow | wow tow | tow  osn | o8 | pss  pss |
Third Reag__ B —087 | oB6 | OBs-; OBs | DB3I . —PB2 | DB | oso—:

Slow Memory Maode, Paralle! Read (HBEN = LOW)

Figure 10 and Table 1 show the timing diagram and
data bus status for Slow Memory Mode, Parallel Reag
CS and RD going low starts the conversion and BUSY
goes low indicating that the conversion is in progress.
Data from the previous conversion appears at the
digital outputs. At the end of the conversion, BUSY
returns high and the output laiches are updated to
place the digital conversion result on data outputs
D11-D0/8.

Slow Memory Mode, Two Byte Read

For a two byte read, only outputs D7-DO/8 are used.

iarting the conversion and reading the 8 LSB's is
identical to the Slow Memory Mode. Paraltel Read.
See Figure 11 and Table 2. A second READ operation
with HBEN high places the 4 MSB's with 4 leading
Zeros on the data outputs D7-D0/8. The high byte
read does not start another conversion since HBEN is
high.

ROM Mode, Parallel Read (HBEN - LOow)

The ROM mode avoids placing the processor intwo a
wait state. A conversion is started with a READ oper-
ation and the 12-bits of data from the previous con-
version appears at the data outputs D11-D0/8 (see
Figure 12 and Table 3). This data may be disregarded
if not needed. A second READ operation wiil access
the results of the first operation and also start a new
conversion. The delay belween successive READ
operations must be longer than the conversion time
for the MAX162/MX7572.

ROM Mode, Two Byte Read

As in the Slow Memory Mode, only data output!s D7-
D0/8 should be used for two byte reads. Figure 13
and Table 4 show the operation in {nis mode. A
conversion is started with a READ operation with
HBEN low. The data outputs present the 8 LSB's from
the previous conversion and this data can be dis-
regarded if not required. Two more READ operations
are needed to access the conversion result The first
READ must be with HBEN high, wnere the 4 MSB's
with 4 leading zero's are accessed. The second READ
is with HBEN low, which reads :n the 8 LSB's arg
starts a new conversion.

VI XK1V
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Interface Application Hints
Digital Bus Noise

If the data bus connecied to the ADC is active during
a conversion, LSBs of error can be caused due to
coupling trom the data pins to the ADC comparator
Using the Stow Memory Mode avoids this problem by
placing the processor in a wait state during the con-
version. In the ROM mode, if the data bus is going to
De active during the conversion, the bus should be
isolated from the ADC using three-state drivers.

ROM Mode

Consideraple_digital noise is generated in the ADC
when RD or CS go high ancg the output data drivers
are disabled after a conversion is started. This noise
will feed into the ADC comparator and cause large
errors if it coincides with the time the SAR is latching
a gecision to keep or drop a bit. To avoid this problem,
RD and CS should be active for less than one clock
cycle. In other words, the RD and CS low pulse
snould be shaorter than 250ns for the MAX162, 400ns
for the MX7572XX05 ancd 1ys for the MX7572XX12. If
this cannot be done. the RD or CS signal must go
high at a rising edge of CLKIN, since the comparator
output is aiways latched at falling edges of CLKIN.

Analog Considerations

Application Hints
Physical Layout

For best system performance printed circuit boards
shoulc be usec for the MAX162/MX7572. Wire wrap
boarcs are not recommended. The layout of the board
should ensure that digital and analog signal lines are
kept separated from each other as much as possidle.
Care shoulo be taken not to run analog and digita!
lines parailel to each other or digital lines underneath
the MAX162/MX7572 package.

ANALOG qgHIaL
SuPALY supeLY
~187  GND -15V ~5¥  COMMON
i I~ K
: ™~ <
e it Hie
F—H aleal HH o
+ W= Y]
+15¢  SND -5V <18v  GND -ISV AENT -15V -5V CGMD -5V DEND
ANALGG MAXIB2® DIGITAL
DACITRY SAME.L AND HOLD seqrice CIRCUITRY

Figure 14 Power Supply Groundmg Practice
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Grounding

Figure 14 shows the recommended system ground
connections. A single point analog STAR grourd
should be establisheg at pin 3 (AGND) ot the
MAX162/MX7572 separate from the logic ground. All
other analog grounds and pin 12 (DGND) of the
MAX162/MX7572 should be connected to this STAR
ground and no other digital grounds should be con-
nected to this STAR point. The ground return to the
power supply from this STAR ground should be low
impedance tor noise free operation of the ADC.

Power Supply Bypassing

The high speed comparator in the ADC is sensitive ‘0
high frequency noise in the Vpp and Vgg power
supplies. These supplies shouid ge by-passed to the
analog STAR ground with 0.1uF and 10uF by-pass
capacitors with minimum lead length for supply noise
rejection. If the +5V power supply is very noisy, a
small (10-20 ohms) resistor can be connected as
shown in Figure 14 :0 filter external noise.

Internal Relerence

The MAX162/MX7572 has an interral buried zener
reference which provides the DAC reference voltage.
The reference voltage is -5.25V =1% and has a low
temperature coefficient. The reference output is
available at pin 2, and shouid be bypassed to analog
ground (pin 3) with a 47uF tantalum capacitor in
paraliel with 0.1uF capacitor to minimize noise and
provide low impedance at high frequencies. This
by-pass capacitor must not be less than 4.7uF. The
nternal reference output buffer can sink upto S00uA.

Driving The Analog Input

The input signal leads to AGND and AIN should be as
short as possible to minimize noise pick-up. If the
leads must be long use shielded cables to minimize
noise pick-up.

The input impedance at the AiN pin is typically 2.5k02.
The amplifier driving AIN must have low enough DC
output impedance for low gain error. Furthermore,
low AC output impedance is also required since tne
analog input current is modulated at the clock rate
during a conversion (4MHz for MAX162 and 2.5 or
1MHz for the MX7572). The output impedance of the
driving amplifier is equal to its open loop output
impedance divided by the loop gain at the frequency
of interest.

MX7572 The MX7572 maximum clock rate of 2. 5MHz
makes :t possible to drive it with amplifiers like the
QOP-42, AD711 or OP-27 At 1MH2 clock rate a MAX400
or OP-07 can also be used.

MAX162 The MAX162 with a maximum 4MHz clock
rate might cause settling problems with the above
amplifiers. An LF356, LF400 or LT 1056 can be used 10
drive the input. Alternatively, an emitter follower buffer
inside the feedback loop of a OP-42, AD711 or OP-27
can be used to improve high frequency output
impedance.

CLSLXWN/CILXVIN
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MAX162:MX7572 to Sample-and-Hold Intertace

The analog input to the ADC must be stable to within
1/2 LSB during the entire conversion for specified 12
Dit accuracy. This limits the input signal bandwidth to
less than 6Hz for sinusoidal inputs, even when using
the faster MAX162. For higher bandwidth signals a
sample-and-hold shoulc be used.

The BUSY output from the MAX162/MX7572 may be
used to provide the TRACK/HOLD signal to the
sample-and-hold amplifier. However, since the ADC's
DAC_is switched at approximately the same time as
the BUSY signal goes low. the switching transients at
the output of the sample-and-hold caused by the
DAC switching may result in code dependent errors
due to the aperture delay of the sample-and-hold. A
NAND gate may be used to ensure that the sample-
and-hold switches to the hold mode BEFORE any
disturbances as snown in Figures 15 & 16. The NAND
gate solution works only_if the width of the RD pulse
is wider than the RD to BUSY delay in the MAX162/
MX7572 It this is not the case, use a flip flop which is
set by the faling edge of RD and reset by the rising
edge of BUSY.

For synchronous RD and CLKIN as described above,
the hold settling time allowed for the sample-anc-
hold is 500ns, 600ns and 1.5us for the MAX162.
MX7572XX05 and MX7572XX32 respectively.

To achieve the maximum sampling rate, the MAX162/
MX7572data must be read within the time allowed for
the sample-and-hold to acquire a new input voltage.

MX7572 Figure 15 shows an AD585 sample-ang-hold
to MX7572 interface. The MX7572 RD input and BUSY
output are used 1o put the AD585 in hold mode when
a conversion is in progress. In this example the analog
input range is +2.5V but other voltage ranges can be
contigured ditferently as explained later.

The maximum sampling rate 1s 125kHz witn a 2.5MHz
clock anc 64.5kHz with a 1MHz clock allowing for a
3us sample-ang-hold acquisition time

Although this circuit works quite well for the 1MHz
clock rate, at the 2.5MHz clock rate a faster sample-
and-hold amplifier sucn as the HA-5320 1s recom-
mengec.

Y — =
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N A ~°  inpuTs
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Oluf== =10
. '
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]
K 1Yo}
S ~Vux i
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| [
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{
“ADDTIONAL PINS OMITTED FOA CLARITY .
Figure 15 &iNT572—AD585 Sample-and-Hold Interface
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Figure 16. MAX162./4X7572 - HA5320 Sample-and-Hold Interface

MAX162 Figure 16 shows the MAX162 to HMAS320 could aisc have been a sampie-and-hold. The oftset
intertace. The maximum sampling rate is 210kHz with should be adjusted first. Apply 1/2 LSB (0.61mV) at
a 4MHz clock which allows for a 1.5us acquisition the analog input and adjust the offset of the amplifier
time. The HAS5320 can alsc be replaced by a HAS330 until the digital output code changes between 0000

tor higher throughput 0000 0000 and 0000 0000 0001.
Unipolar Input Operation To adjust the fuil scale range, apply FS-3/2LSB
Figure 17 shows the nominal input/output transfer (4.99817V) at the analog input ang adjust R1 until

function of the MAX162/MX7572 Code transitions G 1¢.0uiPut code changes between 1171 1111 1110 anc
—OCe 11 1111 11
occur halt way between successive integer LSB

vatues. The output coding is binary with 1LSB = ; ; .
1.22mV (5V/4096). _ z 7 N _ o .- _ Bipolar Input -Operation

Bipolar operation can be achieved in two modes.
Offset and Full Scale Adjustment no‘?%invergng and inverting. For both cases the am-
In applications where the offset and full scale range phfier shown in the circuits can be replaced by the
have 1o be adjusted for the ADC. use the circuit ADS585 or HAS5320 sample-and-hold amplifiers.
shown in Figure 18. Note that the amplifier- shown - Several different input ranges are possible by se-
lecting the values for the scaling reststors as shown

in Tables 5 and 6.

WAXI/V__
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Figure 17. MAX162:MX7572 Transfer Function
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Figure 18 Fuil-Scale Agjustment

Figure 19 shows the bipolar operation in the non-
inverting mode, where the output coding is oftset
binary. Figure 20 shows the ideal transter function
for this mode.

Figure 21 shows the bipolar operation in the inverting
mode, where the output coding is complementary
otfset binary. Figure 20 shows the ideal transfer func-
tion for the circuit in Figure 21.

The resistors used in bipotar applications should be
of the same type and from the same manufacturer to
obtain iow temperature drifts. 0.1% resistors are
recommended for applications where oftset and full
scale adjustments must be made in bipolar circuits. If
high tolerances are used, larger value potentiometers
must te used and this results in poor sensitivity and
higher temperature drifts.

ANALOG

AN
MAXIAA
MAX162
MX7572°

Vagr

"ADDITIONAL PINS OMITTED FOR CLARITY
“*OMIT iF ERROR ADJUST IS NOT REQUIAED

Figure 19. MAX162:}X7572 Non-inverting Bipolar Operation

Table 5. Resistor and Potentiometer Values Required
for Oftset and Gain Adjustment of Figure 19

V, Range, R3" | R&" | R, | R, 1/2LSB|FS/2-3/2LSBs
(vons) (k) | (k) () | (@) | (mv) | (Voits) |
=25 383825500 [500 | 061 | 249817 |
+50  [332]169 500 1000 122 . 499638 '
=100 475 1953 | 500 | 500 | 244 | 999268 |
Notes:

* R3 and R4 have a 0.1% tolerance
All resistors are stangarc EIA/MIL decade vaiues

—5 46
INVERTING NONINVERTING
. FIGURE 2! FIGURE 19
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o .4 /-" ) '\”‘55
o g+ L, \
o101 { / L5 \ {
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Figure 20. Ideal Input/Output Transfer Characteristic for
the Bipolar circuts in Figures 19 and 21
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Offset and Full Scale Adjustment

Offset srould aiways be adjusted before ful' scale.
For both circuits apply +1/2LSB to the analog input
(see tables 5 anc 6) and adjust R; until the output
code flickers between tre following codes:

For Non-inverting (Figure 19) 5000 0000 0000
1000 0000 0001

0111 1111 1111
0111 1111 1110

Apply FS-3:2LSB (see taples 5 ard 6) to the input and
adjust Rg until the ADC output code flickers between
the following codes:

For inverting (Figure 21)

For Non-inverting (Figure 19) 1111 1113 1110

1111 1111 1111

0000 0000 0001
0000 0000 0000

For inverting (Figure 21)

]
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MAX1E2
MX7572°

Vaer
525w —

Rz{ QIFE ST
2
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Figure 21. MAX162:MX757Z invertng Bipolar Operation

TSbI:S. ﬁesTstor and Potentiometer Values Required
for Offset and Gain Adjustment ot Figure 21

'V, Range R1* R2* R3"| R, | Rg [172LSB Fsr2-3/2Ls8s

i tvons) k) |k k) () (@) | (mv) | (voits) |
| =25 20 |205]422]2000[1000] 061 | 249817 |
1450 1201102 21 1000|1000] 122 | a9s63a |

| =100 20 |51:]105]556 1600’
Notes: - = 7
* R R2 and R3 have a 01% tclerance

All resistors are standard EIA/MIL decade values

244 | 999268 |

AKXV Z : ~.

Chip Topography

£i28 .
13 25mm) -
AGND  Vaps AN Y23 Vss 3USY
2 / _ ' | l .
—C3 A
~- 32
ml\"i L H3EN
210-.. cLKouT
01207
09 - 205mm)
_CLEIN
08 -~
o I
|
i
X

L T T T
05 DS D4 331 02410 01/9 BO/E
OGND

CLSIXWN/CILXVIN



