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High-Speed 12-Bit A/D Converters
With External Reference Input

General Description

The MAX183/184/185 are 12-bit, high-speed,
BiCMOS, analog-to-digital converters (ADCs) that
consume only 90mW of power while performing con-
versions in as little as 3us. All three ADCs perform
identically, except for conversion time: MAX183 - 3us,
MAX184 - 5us, MAX185 - 10us.

The MAX183/184/185 require an external -5V reference.
A buffered reference input minimizes reference-current
requirements and allows a single reference to drive sev-
eral ADCs. External reference specs can be chosen to
suit the accuracy of the application. The ADC clock can
be driven from either a crystal or an external clock source,
such as a microprocessor (uP) clock.

Analog input range is pin-selectable for 0 to +5V, 0 to
+10V, or £5V, making the ADCs ideal for data acquisition
and analog input/output cards. A high-speed digital
interface (100ns data access time) with three-state data
outputs is compatible with most uPs.

The MAX183/184/185 are available in space-saving, 24-pin
narrow plastic DIP, CERDIP, and wide SO packages.

Applications

Telecommunications

Sonar and Radar Signal Processing
High-Speed Data Acquisition Systems
Personal Computer 1/O Boards

Features

4 12-Bit Resolution and Accuracy

¢ Fast Conversion Times:
MAX183 - 3us
MAX184 - 5us
MAX185 -10us

¢ Low 90mW Power Consumption

4 Choice of +5V, +10V or +5V Input Ranges

4 Buffered Reference Input

4 Fast 100ns Bus Access Time

4 Operate with +5V, and -12V to -15V Supplies
4 Available in 0.3" DIP or Wide SO Packages

Ordering Information

PART TEMP. RANGE PIN-PACKAGE '-'?'LES‘}B@)TY
3us Maximum Conversion Time
MAX183ACNG  0°Cto+70°C 24 Plastic DIP +1/2
MAX183BCNG  0°Cto +70°C 24 Plastic DIP 3
MAX183ACWG  0°Cto +70°C 24 Wide SO +1/2
MAX183BCWG  0°Cto+70°C 24 Wide SO 1
MAX183BC/D 0°Cto +70°C Dice” 1

Ordering information continued on last page.
“Consult factory for dice specifications.

Functional Diagram Pin Configuration
TOPVIEW
L\
L]
A
VAER AINT AIN2 Nt 1] 24] A2
2 |1 |24 ” VREF [ 2] 23] voo
5kQ 5kQ — V] MAXIM
12-BIT DAC % > 2.0 o (o} Fggs (22l vs
| Vs otwse) (4]  MAXI84  Io1]Busy
f i 0[5 MAX185 ol
} 5 20] TS
mMaAxian SUCCESSIVE nal6 19| FD
MAX183 APPROXIMATION A p— E j
MAX184 REGISTER ™ ?0 BUSY D8 Iz E CLKOUT
MAX185 — CS
12-BIT LATCH 19 o7 (8] 7] ctki
18 cikout os[o o] o
THREE-STATE CLOCK =7
OUTPUT DRIVERS OSCILLATOR |17 ¢ 05 [10] 5] 01
I3 i 15 15 pa11] 14] 02
AGND  DI1---D4 DGND D3--- DO DGND [12] 13] 03
DIP/SO

/Wi XK I 2]

Maxim Integrated Products 1

Call toll free 1-800-998-8800 for free samples or literature.
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MAX183/184/185

High-Speed 12-Bit A/D Converters
With External Reference Input

ABSOLUTE MAXIMUM RATINGS

VDD to DGND . .. o . -03Vito +7V Power Dissipation to +75 C (any package) 1000mw
Vsg to DGND e . +03Vio-17V Derate above +75 C by 1omw/ C
AGND to DGND . .. ... 03Vio Vpp+0.3V Operating Temperature Ranges
AINT, AIN2 to AGND . .. oo -15Vio +15V MAX18 AC/BC 0Cto+70C
VREF to AGND .. \/59 0.3V to Vpp+0.3V MAX18 AE/BE 40 Clo 485 C
Digital Input Voltage to DGND MAX18 AM/BM 55 Cto +125 C
(CLKIN. CS, RD} . -0.3V to Vpp+0.3V Storage Temperature . H5 C1o +150 C
Digital Output Vo\tagc to DGND Lead Temperature {Soldering. 10 sec.) 1300 C
(D11-D0, BUSY, CLKOUT) S . -03VioVpp+0.3V

Thosa PRI
ihe speciicalic

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage 1o the device.
operation of the device al these or any other conditions beyond those indhcated in the operalional seclions of
absolute maximum rating conditions for extended periods may affect device reliabifity

ELECTRICAL CHARACTERISTICS
(VDn = +5V +5%, Vsg = -10.8V to -16.5V: VREF = -5V: Slow Memory Mode: fcLk = 4MHz for MAX183. {1 i = 2.5MH/ for MAX184
fcl ik = 1.25MHZ for MAX185; Ta = Tmin to Tmax, unless otherwise noted.) (Note 1)

! PARAMETER | SYMBOL | B CONDITIONS CMIN  TYP MAX  UNITS .
} ACCURACY (Note 2) B B 7
Resolution N 12 Bits
| | MAX18 ACAE fo
‘ MAXWS AM T/\7+25C +1/0
Integral Nonlinearity INL Tested range bV - ! Lol
/ , | MAX18 AM w34
1 MAX18 B ! 1
T Differential Nonlingarity DNL f 12-Bits. no missing codes over temp. +0).9 158
_ . _ ! ° Laes, | ‘
Ta=+25C +3
‘ Unipolar/Bipolar ‘ f Tac Tt T : o LS8
Offset Error ‘ A= TMINTO TMAX | ‘
B B ) ) to ppm;/
’ J{ ‘ Jr TA =+25C +4 Lo
Unipolar/Bipolar - . &)
r Gain Error ( | Ta= TN 10 Thinx . 1o
J B ) +2 PR (
J ‘ | MAX183 ’ KRE
Synchronous Clk o
| (125Clks) ’ﬂX‘E‘L L b
| \ MAX185 ‘ 10
Conversion Time ICONY ’ — — S ! e
‘ f MAX183 3.0 375
Asynchronous Clk : L
‘ | (1210 13 Cks)  MAXT84 Pas b2
r ) ) N B _ 1 MAX185 ] 9.6 104
ANALOG AND REFERENCE INPUTS
J Analog Input Current, | ' Unipolar input ranges W0 to +5\/ /. OV 10 + 10V ’ 35 DA
AINT or AIN2 ‘ l Bipolar range +5V +1.75
_ — . e A N . \
{ VREF Input Range (Note 3) L _ B B 5 49 %
VREF Input Current - ) ‘ +3 pA
’ LOGIC INPUTS )
/ Input Low Voltage ) Ving Cs. D CLK\N i 08 v
| Input High Voltage LoVine LE\S RD. CLKIN ] 2.4 v
‘ ot C . ‘ | _CS RD:ViN=0toVpD | +10 A
nput Curren IN T
P CLKJN Vm Do \/DD . +20) '
’ Input Capacitance (Note 3") ‘ Q\N L 10 pF

2 AKXV




High-Speed 12-Bit A/D Converters
With External Reference Input

ELECTRICAL CHARACTERISTICS (continued)
(VDD = +5V 5%, Vsg = -10.8V 10 -16.5V; VREF = -5V Slow Memory Mode: foik = 4MHz for MAX183, fClk = 2 5MH/ for MAX 184,
foLk = 1.25MH2 for MAX185; Ta = TMIN 10 TMAX. unless otherwise noted.) (Note 1)

| PARAMETER
LOGIC OUTPUTS B o

\»Outbut LOV;I Voltage
oupitigvaleae

Floating State Leakage Currgm

Floating State Output Capacitance
(Note 3)

PO}NERﬁEOL{IREMﬁEEI’Sﬁ

Supply Voltage (Note 1)

|

Supply Current

|

Power Dissipation

| Power-Supply Rejection Voo Only |
‘ Power-Supply Re}gct\o[ \/sgiomyi

| symeoL | CONDITIONS

Lovo
\ JLK67 91 17[20 \/oyw =0VtoVpD
| Cout ‘
- = -
Voo _ |
| ves ,
| oo €S = RD = Vpp, AINT = AIN2 = 5V
s LBUSY;, H\EiH
PD VoD = +bV. Vss = -12V

A

TIMING CHARACTERISTICS

(VDD = +5V. Vg5 =-10.8V 107—16 5j 10(2% prgduotpn tesﬁted‘ Ta = TM\N to Tmax. unless otherwise indicate
MAX18 C/E
[ MIN TYP MAX ‘ MIN TYP WMAX MIN

|
‘ PARAMETER
} 0Sto RO Selup Time (Qcite 37)
‘ RD to BUSY Delay
| RD Pulse Widi (Note 3)
CS to RD Hold T\mls (Noie 3)

Data Setup Time After BUSY
(Note 5)

Bus Relinguish Time (Noteﬁﬁ)

ﬂi,
| Data Access Tme (Note®) [
B

| _

Delay Between Read
Operations ] B B
GLKIN to BUSY Delay (Note 3
RD to CLKIN Setup/Hold Time ‘
(Notes 3. 7)

Note 1:
Note 2:
Note 3:
Note 4:
Note 5:
Note 6:
Note 7:

Guaranteed by design.

1
SYMBOL | CONDITIONS

Allinputs are OV to +5V swing with tr = tf = 5ns (10% to 90
13 and t6 are measured with the load circuits of Figure 1 and de
17 is defined as the time required for the data lines to change 0.5V when loaded with the circuit o
For predictable conversion times, RD to CLKIN falling edge must be outside this window

7TA=+25C |

o

0 0
2 | CL=50pF 70 120 !
& o0 .
(CL=100RF 50 1001 _
14 I3 | 13
5| 0 0
— — - - 1 ‘
6 | CL=100pF 40 70
- . _ | i
7L 30 60
_ _ ‘ .
® 200 I 200
- - - - .
t9 NI 120!
t10 25 100 | 25

o -

" VoL | D11-D0.BUSY CLKOUT: Isik = 16mA
D11-DO. BUSY. CLK OUT: IsouRCE = 200uA

FSﬂamgc, Vss;—WLVVDD =4 E\/ 10325\{
T7FS Change. Vo = +5V. Vss = -10.8V 0 -16.5V |

Y

|

}40

\

150
130

90

100

|
i

0

200

25

TYP MAX

Performance guaranteed over supply range by testing end-point errors (power-supply rejection) at the supply exiremes
VDD = +5V, Vss = -12V. VRet = -5V

% of +5V) and timed from a voltage level of +1.6Y
fined as the time required for an output to cross +0.8V or +2.AV
f Figure 2

VI KL7vh

TYP MAX ‘UNITS‘
04 ‘( v
\
110 “ A
15 pi ‘
\
|
H 525 ‘ v
-12 -108
7
mA
10|
90 155 } mw
+1/4 1 | | SB
+1/2 M LSB

d.) (Note 4. Figures 7.9, 10)
MAX18 M

UNITS
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MAX183/184/185

High-Speed 12-Bit A/D Converters
With External Reference Input

Pm Descrlptlon

PIN | NAME l FUNCTION f
1 AINA1 J Analog Input |
2 VREF Voltage-Reference Input 1
3 ( AGND ' Analog Ground N

Three-State Data Outputs They are active

4-11 J D11-D4 | when CS and RD are low. DB11is the |

/ most significant bit.
12 DGND LDlgita\ Ground |
, 13-16 D3-DO Three-State Data Outputs
Clock Input. Connect an external TTL- |
CLKIN ( compalible clock to CLKIN. Alternatively.
inscrt a crystal or ceramic resonator be-
tween CLKIN and CLKOUT \
‘ Clock Output. When using an external i
18 CLKOUT ‘ clock, an inverted CLKIN signal appears
on CLKOUT See CLK!N descmptlon |
( READ Input. Along with CS. this active
low signal enables the three-state drivers |

and starts a conversion.

CHIP SELECT. Along with RD. this active |
Cs ‘ low signal enables the three-state drivers
and starts a conversion |

IBUSY _Low while a conversion is in prog- |
ress. BUSY md\catcs converter status

Vss Negative Supply. -12V to -15V ‘

Positive Supply. +5V ‘

23 VDD
24 AIN2 Analog Input

15V
\ .
: ~ 3k
Dl DN 9
.l * - - - -
3kQ L ¢ ‘ o
l DGND L . DGND
a High-Z to Vou {ts) and Yor 1o Vor (1s) b Hagh-Z 1o Vou {tz1and Vo o Vil ()
L
Figure 1. Load Circuits for Access Time
4

T3k
NN DN
- — .
3ked o opt Y
Y CnGND
a Vortothgh / b Vo tothgh /

Figure 2. Load Circuits for Bus-Relinquish Time

) 1 4
OV 10 45V L AINT 38
ANALOG INPUT ak AN
SV VRLY INPUT ] VRLE v | e
3 2
AGND Ve PARIAY
4 gl AT
D11 IMSB BHSY et
h 20 OuPul
_ — — | Dip ArAXam e
I 6 A ios 14 CONTROL
_ — — DY MAXIS4  RD e
7 MAX 185 14 1 INPLITE
I f 0 o % ckour |, 2 0 l et
) K AND 2
RN o S TR
[ N wsmon .
5
H‘M‘\ nk DY |
D4 1y
A . 13 ‘
[ } | N R DGNE [B5] !
I \
t uP DATARIS s
NOTE 1: MAX183  40MHz CRYSTALCERAMIC BESONATOR
MAX184 2 5Mi1z CRYSTAL/CT RAMIC AT SONATOR
MAX185 1 25MHy CRYSTAL/CERAMIC m(m NATOR
NOTE 2:  G1 AND G2 CAPACITANCE VAL UES DEPEND ON (m)m L RAMIC
RLSONATOR !‘AANLHACHWH IYPICAL VALES ARE EROM it "3 1005t

Figure 3. MAX183/184/185 Opcrational Diagram
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High-Speed 12-Bit A/D Converters
With External Reference Input

Detailed Description
Converter Operation

The MAX183/184/185 use a successive approximation
technique to convert an analog input to a 12-bit digital
output code. The control logic provides easy interface
to most uPs (Figure 3)

Figure 4 shows the MAX183/184/185 analog-equivalent
circuit. The internal D/A converter (DAC) is controlled by
asuccessive approximation register (SAR), has an output
impedance of 2.5kQ, and connects directly 1o the com-
parator input. The analog inputs AIN1 and AIN2 connect
to the same comparator input through 5k€2 resistors

A conversion starts at the falling edge of CS and RD and
cannot be restarted after initiation. The BUSY output goes
low when the conversion starts and can be used to
control an external sample-and-hold when measuring
wide bandwidth input signals.

The GAR is set, asynchronously with the clock input, to
hali scale when CS and RD go low. At the second falling
edge of CLKIN (or rising edge of CLKOUT) following
a conversion start, the output of the comparator is
latched into the SAR most significant bit (MSB/D11)
(Figure 5). The MSB is kept if the analog inputis greater
than half scale, or dropped if it is smaller. The next bit
(D10) is then set with the DAC output either at 1/4 scale
(if the MSB was dropped) or 3/4 scale (if the MSB was
kept). The conversion continues in this manner until the
LSB is tried. At conversion end, following a falling CLKIN
signal. BUSY goes high and the SAR result is latched
into three-state output buffers

5k 0 /
1 AINT A - e A AlNZ ”
I
WL 25w |
? [ 2B UAC > AN f PO [ \EOMPARATOR
‘ i ) | .
\ % i >
\ e e | ‘
[ v
-1 SAR
. i
AXT183 :
MAX184 12 BITLATCH |
MAX185 - - = -

Figure 4. MAX183/184/185 AIN Inputs

VAKX 01

Clock

internal Clock Oscillator

Figure 6 shows the MAX183/184/185 clock circuitry. Min-
imize the capacitive load on the CLKOUT pin for low
power dissipation and to avoid digital coupling of the
CLKOUT buffer current to the comparator. CLKOUT
should be left open if an external clock source is used to
drive CLKIN. Connect a crystal/ceramic resonator be-
tween CLKOUT and CLKIN if the intermnal oscillator is
used

Control Inputs Synchronization

When RD 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 rising edge on the CLKOUT pin). Use the following
guidelines to ensure a fixed conversion time

CS&RD
h soos
BUSY
» |- 300s TYP
N N
CLKIN
\
CLKOUT
|
T
DIV iMSEI )10 1Y BT blst
Figure 5. Operating Wavelorms Using an £ xtorna Ciock Source
for CLKIN
al I ¢
SURTEAY TR
| NOTES T
C;NO/! o Bk CLOEK
| I * * o o e
 amam '
MAX163 ‘ M2
MAX184 SR
MAX185

NOTE 1: MAX183 4 OMH, CRYSTAL/CERAMIC BESONATOR
MAX184 2 5MH/ CRYSTALCERAMIC RE SONATOR
SUNAT

S0
0
1 25MH7 CRYSTALACERAMIC HE S0

N/
MAK T8 NATOR
NOTE 2: Ct AND C2 CAPACITANGE VALUES DEPEND ON CRYSTALZCIRAMIE
RESONATOR MANUFACTURER  TYPICAL VALUES ARE FROM 30pt T0 1000

I

Figure 6. MAX183/184/185 Intcmal Clock Circuit
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MAX183/184/185

High-Speed 12-Bit A/D Converters
With External Reference Input

The MAX183/184/185 RD input should go low at the rising
edge of CLKIN. In this case, the conversion lasts 12.5
clock cycles, and the conversion time is 3.125us when
fcLk = 4MHz, 5us when fcLk = 2.5MHz, and 10us when
focLk = 1.25MHz. The delay from the falling edge of RD to
the falling edge of CLKIN must not be less than 100ns to
ensure the 12.5 clock cycle conversion time (Figure 7).
This gives the external sample-and-hold 1.5 clock cy-
cles to settle from hold transients. An additional 1/2
clock cycle of settling can be allowed for the sample-
and-hold by having RD go low at the falling edge of
CLKIN. Thisresultsin a 13 cycle conversion time (3.25us,
5.2us and 10.4us).

Digital Interface
Timing and Control

CS and RD control conversion start and data-read
operations. Figure 8 shows the logic equivalent for
the conversion and the data-output contro! circuitry.
A logic low at both inputs starts a conversion. Once
a conversion is in progress. it cannot be restarted.
The BUSY output remains low during the entire con-
version cycle

Figures 9 and 10 outline the two interface modes (slow
memory and ROM). Slow memory mode is for uPs that
can be forced into a wait state for pericds as long as
the MAX183/184/185 conversion time. ROM mode is
for uPs that cannot be forced into a wait state. In both
interface modes, a processor read operation to the
ADC address starts the conversion. [n the ROM
mode, a second read operation accesses the conver-
sion result

BUSY

»J lmyq 100ns MIN

akn SN SN SN SN J A
‘ Rl
f A A A A
i ‘
o1 DI b LI DO
(NISB) 158y

CS&RD a4 /L'ff ST
;\{ t2

G0Ny - - j/i
S ‘
|

Figure 7. MAX183/184/185 RD and CLKIN for Synchronous
Operation and Conversion Time of 12.5 Clock Cycles

Slow Memory Mode

The timing diagram in Figure 9 illustrates slow mem-
ory mode. which is designed for uPs with a wait state. CS
and RD go low, triggering a conversion. and are kept low
until the conversion is complete. BUSY responds by
going low, and data from the previous conversion re-
mains on the three-state data outputs. At conversion end.
BUSY returns high, and the output latches transfer the
new conversion results to the three-state data outputs
The uP completes the read operation by taking CS and
RD high.

ROM Mode

The ROM mode avoids placing the pP into a wait state. A
conversion begins with a read operation. While CS and
RD are low, data from the last conversion is available on
the data outputs. A second read operation reads the new
data and begins the conversion process again. A delay
at least as long as the MAX183/184/185 conversion
times must be allowed between read operations. The
data on the output bus is in a parallel format in either
mode.

Application Hints
Digital Bus Noise

if the data bus connected to the ADC is active during
a conversion, coupling from the data pins to the ADC
comparator may cause LSBs of error. Using slow
memory mode avoids this problem by placing the uP
in a wait state during the conversion. In RBOM mode.
if the data bus is active during the conversion, use
three-state drivers to isolate the bus from the ADC

MAaAxXIM J
MAX183

‘ MAX184 0 Jd . [

CORVERSION 5L AT

MAX185 oV

70# LU ’f‘\(\)i; TRISING EDGE
19 1Ry 4 o ® » ‘ TRIGGH
[

ClLEAR [

BUSY \
ALTVE HIGH

I NABLE THREE STATE ‘

OUTPHTS DT ‘J

Figure 8. Logic for Control inputs CS and R internal
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High-Speed 12-Bit A/D Converters
With External Reference Input

ROM Mode

Digital noise is generated in the ADC when RD or CS go
high, and 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 bit decision. To avoid this
problem, RD and CS should be active for less than 1 clock
cycle. In other words, the RD and CS low pulse shouid
be less than 250ns for the MAX183, 400ns for the
MAX184, and 1us for the MAX185. If this cannot be done,
the RD or CS signal must go high at a rising edge of
CLKIN since the comparator output is always latched at
falling edges of CLKIN.

Physical Layout

For best system performance, printed circuit boards
should be used for the MAX183/184/185; wire-wrap
boards are not recommended. Separate the digital- and
analog-signal lines as much as possible in the board
layout. Do not run analog and digital lines parallel to
each other or digital lines underneath the
MAX183/184/185 package

Grounding

Figure 11 shows the recommended systern ground con-
nections. Establish a single-point analog ground (star
ground), separate from the logic ground, at AGND of the
MAX183/184/185. Connect all other analog grounds and
DGND of the MAX183/184/185 to this star ground (no
other digital grounds should be connected to this
point). For noise-free operation of the ADC, use a
low-impedance ground return to the power supply
from this star ground.

Power-Supply Bypassing

The ADC's high-speed comparator is sensitive to high-
frequency noise in the VDD and VSS power supplies
These supplies should be bypassed to the analog star
ground with 0.1pF and 10pF bypass capacitors with
minimum lead length for supply noise rejection. If the +5V
power supply is very noisy, a small (10Q-20Q) resistor
can be connected (Figure 11) to filter external noise

Driving The Analog Input

The input signal leads to AIN and the input return leads
to AGND should be as short as possible to minimize input
noise coupling. Use shielded cablesifthe leads must be long

The input impedance at each AIN is typically 5k The
amplifier driving AIN must have low enough DC output
impedance for low gain error, Furthermore, low AC output
impedance is needed since the analog input current is
modulated at the clock rate during a conversion {up to
AMHz for MAX183, 2. 5MHz for MAX184, or 1.25MHz for
the MAX185). The output impedance of the driving am-

721 X vt

plifier is equal to its open-loop cutput impedance divided
by the loop gain at the frequency of interest

MAX184/185 The MAX184/185 maximum clock ratc of
2 5MHz makes it possible to drive AIN with amplifiers like
the OP42, AD711 or a Maxim OP27. A MAX400 or a
Maxim OPQ7 can also be used up to 1.25MHz clock rate

MAX183 - The MAX183. with a maximum 4MHz clock
rate. might exhibit settling problems with the above
amplifiers. An LF356. LF400 or LT1056 can be used to
drive the input. Alternatively, an emitter follower buffer
inside the feedback loop of a Maxim OP27, an OP42. or
an AD711 improves high-frequency output impedance

Reference Input

VREF connects to an external -5V source. This may be
either a precision negative reference, a positive reference
(such as the MX584) connected as a two-terminal device
to provide -5V (Figure 16), or an existing system rcier-
ence. The allowed inputrange at ™ "™ is-5.1V {0 -4 9V
VREF (and AIN2 in bipolar input ration) should be
bypassed to ground with a 10uF e.covolytic capacitor in
parallel with a 0. 1uF ceramic capacitor

If the external reference is biased from a power supply
other than Vss. then care must be taken 1o ensure thal
Vss is applied to the ADC before VREF. I supply sequenc-
ingisin doubt, then connect a diode between Vss and VREF,
as shown in Figure 12. If the reference source is powered
from the same supply as Vss. then no diode is needed

MAX183/184/185 to
Sample-and-Hold Interface

The analog input to the ADC must be stable to within
1/2LSB during the entire conversion for specificd 12-bi
accuracy. This limits the input-signal bandwidth to less
than 6Hz for sinusoidal inputs. even when using the
faster MAX183. A sample-and-hold should be used for
higher bandwidth signals

The BUSY output from the MAX183/184/185 may
be used to provide the TRACK/HOLD signal 1o the
sample-and-hold amplifier. However. since the
ADC's DAC is switched at approximatcly the same
time as the BUSY signal goes low, sample-and-
hold transients caused by DAC switchimg may re-
sult in code-dependent errors duc 10
sample-and-hold aperture delay. Adding a NAND
(inverted AND) gate ensures that the sample-and-
hold is switched to the hold modc BEFORE any
disturbances (Figures 13 and 14). The NAND gate
solution works only if the width of the RD pulse is
wider than the RD to BUSY delay in the
MAX 183/184/185. If this is not the casc. use a flip-flop
which is set by the falling edge of RD and resct by the
rising edge of BUSY

S81/P8L/ESIXVIN



MAX183/184/185

High-Speed 12-Bit A/D Converters
With External Reference Input

.-

13 —<‘ ' J l7

OLD DATA
11-00

NEW DATA
D11 DO

o

OLDDATA ~ }
D11-D0

NFW DATA N
311 D0

Figure 10. ROM Modc Timing Diagram

ANALOG DIGITAL
SUPPLY SUPPLY
<15V GND 15V -5Y COMMON
o‘l:y’ui XEHl vl ¢
ooa 4 . Tm
> _ Y )
<15V GND -15V 115V GND -15V AGND 15V +5V DGND 5Y DGND
A5 | lsapie s, MAX183/184/185 || DIGTAL
CIRCUITRY SAMPLE-AND-HOLD CIRCUITRY

v k2
1h914
o 1IN4T48
RETIRENGT @ e o
00k = o0tk
.

MAX 185

Figure 11. Power-Supply Grounding Practice

8

Figure 12. VREF/Vss Diode Clamp (Sec "Reference tnpul™ Toxt)

7VizZ1 K12V




High-Speed 12-Bit A/D Converters
With External Reference Input
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Figure 13. MAX183/184/185 —AD585 Sample-and-Hold Interface
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Figure 14. MAX183/184/185- HA5320 Sample-and-Hold Interface
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MAX183/184/185

High-Speed 12-Bit A/D Converters
With External Reference Input

For synchronous RD and CLKIN, the hold settling time
allowed for the sample-and-hold is 375ns (MAX183),
600ns (MAX184), and 1.5us (MAX185).

The maximum sampling rate is 125kHz with a 2.5MHz
clock and 64 5kHz with a 1MHz clock, allowing for a 3us
sample-and-hold acquisition time.

Although this circuit works well for the 1MHz clock rate. a
taster sample-and-hold amplifier, such as the HA5320, is
recommended at a 2.5MHz clock rate.

MAX183 - Figure 14 is the MAX183 to HA5320 interface.
The maximum sampling rate is 210kHz with a 4MHz clock.
which allows a 1.5us acquisition time. The HA5320 can
also be replaced by a HAB330 for higher throughput.

Analog Input Ranges

The MAX183/184/185 provides three selectable analog
input ranges: OV to +5Y, OV to +10V. and £5V. Figure 15

shows the configuration for the two analog inputs (AIN1

and AIN2) for these ranges.
Unipolar Operation

Figure 16 shows unipolar operation using a MX584 voll-
age reference configured for -5V

Figure 17 shows the nominal input/output transter function
of the MAX183/184/185. Code transitions occur hall way
between successive integer LSB values. The output coding
is binary with 1L.SB = Full Scaie (FS)/4096. FS is either +5V
or +10V. based on the analog input configurations

Offset and Full-Scale Adjustment

In applications requiring offset and FS range adjustmernit,
use the circuit in Figure 19. Note: The amplifier shown
could also be a sample-and-hold. Offsel should he ad-
justed first. Apply 1/2LSB (0.6tmV) at the analog nput
(AINT1 or AIN2) and adjust the offset of the amplifier until
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Figure 15. Analog Input Range Conligurations
4 DUTPUTCODE
1o
AR
Vin , 1ot ! i
OV 10 159 1 24 s 40061 S
) Y AT R FS 40961 SBs
0V 10 10V 2 23 5y
—{ VREH Vo f ——
r fg B : 3 NE |
AGND Vs | @ ;
oy Vs, : OmuF ! > 15 R |
/4 ZNAXIMN (
(‘UM’ l , ¢ MAX183
3 MAX184
| MX584 ? MAX185 ‘
Io<” ()LF 01t |
m ( )
| 20K w oy - |
| o mo
‘ . W oor \
NOTE 1: 0V [0 +5V RANGL CONNEGT AIN2 10 AINT 0 w0 P @ LT
OV TO - 10V RANGE - CONNECT AIN2 70 AGND '
ANALOGINPUT VOLTAGH INLSHS 1o
L

Figure 16. Unipolar Operation Using a MX584 Reference
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Figure 17. MAX183/184/185 Ideal Unipolar Transter unction

VI KL




High-Speed 12-Bit A/D Converters
With External Reference Input

the digital output code changes between 0000 0000 0000
and 0000 0000 0001

OV to +5Vrange: 1/2LSB =0.61mV
OV to +10V range: 1/2LSB = 1.22mV

To adjust the full-scale range, apply FS-3/2LSB (last code
transition) at the analog input and adjust R1 until the
output code switches between 11111111 1110and 1111
1111 3111,

OV to +5V range: FS-3/2LSB = 4.99817V
OV to +10V range: FS-3/2LSB = 9.99634V

Bipolar Operation

The bipolar input range is £5V. ViNis applied to AINT, +5V
to AIN2, and -5V to VREF. This requires two reference
voltages: -5V for the VREF input and +5V for the AIN2
input. Figure 19 shows these reference voltages are
produced from a MAX675 reference and a MAX400 op
amp configured as an inverting amplifier

The ideal input/output transfer characteristic after offset
and gain adjustment is shown in Figure 20. The LSB is
2.44mV (10V/4096).

The resistors used in bipolar applications should be of the
same type and from the same manufacturer to obtain low
temperature drifts. 0.1% resistors are recommended for
applications where offset and full-scale adjustments must
be made in bipolar circuits. If low tolerances are used.
larger value potentiometers must be used, which results
in poor trim resolution and higher temperature drift.

Offset and Gain Adjustment

In bipolar operation, the offset is trimmed at negative full
scale and should always be adjusted first. For offset,

apply -FS/2 + 1/2LSB (-4.99878V) at VIN and adjust the
10kQ potentiometer (Figure 18) until the outpul code
switches between 0000 0000 0000 and 0000 0000 0001

Gain is adjusted at full scale or bipolar vero. For full scale
adjustment, apply FS/2 - 3/2LSBs (4.99634V) to VIN and
adjust the 200€Q potentiometer until the output code
switches between 11111111 1110 and 1111 1111 1111

Alternatively. to adjust gain at bipolar zero. apply -1.22mV
at ViN and adjust the 200€2 potentiometer until the output
code switches between 0111 1111 1111 and 1000 0000
0000
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Figure 19. Bipolar Operation with Olfsel and Gam-f rror Adjus!
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MAX183/184/185

High-Speed 12-Bit A/D Converters
With External Reference Input

Ordering Information (continued)

L PART TEMP. RANGE PIN-PACKAGE L'?LESA,;S')TY |

TMAX183AENG 40 C10+85C 24 PlasicDIP  *1/2 |

} MAXIS3BENG -40Clo+85C 24PlasticDIP 1

) MAX183AEWG -40Cto+85C 24 Wide SO 1/2

} MAX183BEWG  -40 Cto +85 C 24 Wide SO +1

5ps MaX|mum Conversion Time !

r MAXI84ACNG  0C10470 C 24 Plasic DIP  £1/2

\ MAX184BONG  0C10+70C 24PlasticDIiP  *1

} MAXI84ACWG 0 Cto+70C 24 Wide SO +1/2
MAX184BCWG 0 Cto+70C 24 Wide SO +1

J MAX184BC/D ~ 0Cto+70C Dice’ A

(MEWAKENG 20C10485C 24PasicDIP  *1/2
MAX184BENG -40 Cto +85 C 24 Plastic DIP el

) MAX184AEWG -40 Cto+85C 24 Wide SO +1/2
MAX184BEWG -40 Clo +85 C 24 Wide SO 1
MAX184AMRG -55 C 1o +125C 24 CERDIP™  +3/4
MAX184BMRG -55 Cto +125 C 24 CERDIP™* +1

} 10us Maximum Conversion Time

’ MAX185ACNG 0 Cto+70C 24 Plastic DIP +1/2

‘ MAX185BCNG 0 Clo+70C 24 Plastic DIP 11
MAXTB5ACWG  0Clo+70C 24 WideSO  *+1/2

} MAX185BCWG 0 Cto+70 C 24 Wide SO +1 ‘

] MAX185BC/D 0Cto+70C Dice £1

\ MAX185AENG -40 Cto +85C 24 Plastic DIP +1/2

) MAXI85BENG -40C10+85C 24PlasicDIP 1
MAX185AEWG  -40 Cto+85C 24 Wide SO 1/2

} MAX185BFWG  -40 C1o +85 C 24 Wide SO 1

[ MAX185AMRG  -55 C to +125 C 24 CERDIP™ +3/4

| MAX185BMRG -65 Cto +125C 24 CERDIP™ +1

© Consult factory for dice specifications

* Contact factory for processing to Ml -STD-883
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