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8-/4-Channel ADCs with

Simultaneous T/Hs and Reference

General Description

The MAX155/MAX156 are high-speed, 8-bit, multi-channel
analog-to-digital converters (ADCs) with simultaneous
track/holds (T/Hs) to eliminate timing differences between
input channel samples. The MAX155 has 8 analog input
channels, and the MAX156 has 4 analog input channels.
Each channel has its own T/H, and all T/Hs sample at the
sameinstant. The ADC convertsachannelin 3.6pus and stores
the result in an internal 8x8 RAM. The MAX155/MAX156 also
feature a 2.5V internal reference and power-down capability,
providing a complete, sampling data-acquisition system.

When operating from a single +5V supply, the
MAX155/MAX156 perform either unipolar or bipolar, single-

ended or differential conversions. For applications requiring PART TEMP. RANGE PIN-PACKAGE ?ESR%?
wider dynamic range or binolar conversions around ground, i 5

the Vss supp|y pm may be connected to -5V. MAX155ACPI 0°'Cto+70°C 28 Plastic DIP +1/2
Conversions are initiated with a pulse to the WR pin, and MAX1558CPI  0'Cto+70°C  28PlasticDIP 1
data is accessed from the ADC's RAM with a pulse to the MAX155ACWI  0'Cto +70°C 28 Wide SO +1/2
RD pin. A bidirectional interface updates the channel con- MAX155BCW!  0°Cto +70°C 28 Wide SO +1
figuration and provides output data. The ADC may also be MAX1558C/D 0Cto+70'C _ Dice" +1

wired for output-only operation. The MAX155 comes in 28-pin
DIP and wide SO packages, and the MAX156 comes in
24-pin narrow plastic DIP and 28-pin wide SO packages.

Applications
Phase-Sensitive Data Acquisition

Vibration and Waveform Analysis
DSP Analog Input

Features
4 8 Simultaneously Sampling Track/Hold Inputs

4 3.6us Conversion Time per Channel

4 Unipolar or Bipolar Input Range

4 Single-Ended or Differential Inputs

¢ Mixed Input Configurations Possible

¢ +2.5V Internal Reference

4 Single +5V or Dual +5V Supply Operation

Ordering Information

Ordering information continued on last page.
* Contact factory for dice specifications.

Pin Configurations
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MAXIMN Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX155/MAX156

8-/4-Channel ADCs with

Simultaneous T/Hs and Reference

ABSOLUTE MAXIMUM RATINGS

VODIoOAGND ... .. -0.3V, +6V
MEDA0EEND oesesvesmemmsrsmissamesmm s -0.3V, +6V
AGNDtoDGND ....................... -0.3V, Vpp +0.3V

VSSTOAGND s s sy s S R +0.3V, -6V
VestoDGND . ... ... . +0.3V, -6V

CS, WR, RD, CLK, MODE to DGND
BUSY, DO-D7toDGND . ................
REFOUT A0 AGND connmmmnirvmmisnwisens s
REFINto AGND . ........ .. ... ........

AINto AGND . ...

Output Current (REFOUT) ... ... ... ..

-0.3V, Vop +0.3V
-0.3V, Vpp +0.3V
-0.3V, Vpp +0.3V
-0.3V, Vpp +0.3V
-0.3V, Vpp +0.3V

Continuous Power Dissipation (Ta = +70°C)

24-Pin Plastic DIP (derate 8. 7mW/°C above +70°C) .. 696mW
24-Pin CERDIP (derate 12.5mW/°C above +70°C) .. 1000mW
28-Pin Plastic DIP (derate 9.09 mW/'C above +70°C) .. 727mW
28-Pin Wide SO (derate 12.5mW/'C above +70°C) . . 1000mW
28-Pin CERDIP (derate 16.67mW/°C above +70°C) . 1333mW

Operating Temperature Ranges:
MAX155/MAX156_C_ _
MAX155/MAX156_E_ _ .
MAX155_MJI .. ... ... ...
30mA Storage Temperature Range . . ..
Lead Temperature (soldering, 10 sec) . . ..

. 0°Cto+70°C

.....-40°C 0 +85°C
... -55Ct0+125°C
... 65°Ct0 +160°C

. +300°C

Stresses beiyond those listed under "Absclute Maximum Ratings® may cause permanent damage to the device. These are stress ratings only, and functional

operation o

absolute maximum rating conditions for extended periods may affect device reliability

ELECTRICAL CHARACTERISTICS

(VDD = +5V, REFIN = +2.5V, External Reference, AGND = DGND = 0V, Vss = OV or -5V, fcLk = 5MHz External, Unipolar Range,
Single-Ended Mode, Ta = TMmIN to Tmax, unless otherwise noted.)

the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to

PARAMETER SYMBOL ‘ CONDITIONS TYP MAX UNITS
ACCURACY (Note 1)
Resolution - Bits
o MAX15_A +1/2
Integral Linearity Error LSB
) MAX15_B +1 |
No Missing Codes H_g_s_olution_ Guaranteed monotonic Bits
_ MAX15_A +1/2
Offset Error (Unipolar) LSB
MAX15_B +1
_ MAX15_A +1
Offset Error (Bipolar) LSB
MAX15_B +2
, MAX15_A +1
Unipolar
MAX15_B 1
Gain Error LSB
. MAX15_A +1
Bipolar
MAX15_B +2
, MAX15_A +1/2
Channel-to-Channel Matching LSB
MAX15_B +1
DYNAMIC PERFORMANCE (VN = 50kHz, 2.5Vp-p sine wave sampled at 220ksamples/sec)
Signal-to-Noise and MAX15_A 48
Distortion Ratio SINAD MAX15_B a7 o
Total Harmonic Distortion THD -60 4B
Spurious-Free Dynamic Range SFDR -62
Small-Signal Bandwidth _4 MHz
Aperture Delay 20 ns
Aperture Delay Matching 4 :
(Note2) | I8
2 MAXIV




8-/4-Channel ADCs with
Simultaneous T/Hs and Reference

ELECTRICAL CHARACTERISTICS (continued)

(VDD = +5V, REFIN = +2.5V, External Reference, AGND = DGND = 0V, Vgs = 0V or -5V, fcLk = 5MHz External, Unipolar Range, Sin-
gle-Ended Mode, Ta = TMIN to Tmax, unless otherwise noted.)

9S IXVIN/SS EXVIN

PARAMETER j SYMBOL E CONDITIONS MIN TYP MAX UNITS

ANALOG INPUT
Voltage Range

Unipolar, Single-Ended AIN_(+) to AGND 0 VREF

Unipolar, Differential AIN_(+) to AIN_(-) 0 VREF Y

Bipolar, Single-Ended AIN_(+) to AGND -VREF VREF

Bipolar, Differential AIN_(+) to AIN_(-) -VREF VREF
Common-Mode Range Differential mode Vss VDD
DC Input Impedance AIN = VpD 10 MQ
REFERENCE INPUT
il }mépgf”“ad 2375 2500 2625 v
IREF REFIN = 2.5V 1 mA
REFERENCE OUTPUT (C_ = 4.7uF)

Ta=+25C 2.44 2.50 2.56
Output Voltage IL = 0mA v
Ta=TMNtoTmAx | 2.38 2.50 2.62

Load Regulation Ta = +25°C, louT = OmA to 10mA -10 mV
Power-Supply Sensitivity Ta = +25°C, Vpp = 5V £5% +1 +3 mv
Temperature Drift +100 ppm/°‘C
LOGIC INPUTS (Mode = Open Circuit)
CS, RD, WR, CLK,
DO-D7 (when inputs)

Input Low Voltage ViL 0.8 v

Input High Voltage VIH 24

Input Current N +10 HA

Input Capacitance (Note 2) B Cin 15 pF
MODE

Input Low Voltage ViL 05

Input High Voltage VIH - Vpp-05 v

Input Mid-Level Voltage VMID " Voo/2-05 VDo/2+ 05

Input Floating Voltage VFLT vDDb/2

Input Current N +50 +100 HA
LOGIC OUTPUTS
BUSY, DO-D7 04

Output Low Voltage VoL lout = 1.6mA v

Output High Voltage VOoH IOUT = -360pA 4
Do-D7 4

Floating State Leakage +10 A

foatrgsieuet | cour ‘ s | e
Conversion Time fs%éigghhgmé! 36 38 us

MAXIN 3




MAX155/MAX156

8-/4-Channel ADCs with
Simultaneous T/Hs and Reference

ELECTRICAL CHARACTERISTICS (continued)

(VDD = +5V, REFIN = +2.5V, External Referente, AGND = DGND = 0V, Vss = OV or -5V, fcLk = SMHz External, Unipolar Range,
Single-Ended Mode, Ta = TMIN to TMaX, unless otherwise noted.)

PARAMETER | syYmBOL | CONDITIONS MIN TYP  MAX | UNITS
POWER REQUIREMENTS
Positive Power-Supply Voltage VoD 4.75 525 v
| MAX155 18 24
PD=0 mA
MAX156 9 12
Positive Power-Supply Current oD CLK G5 WA
| PD=1 RD = OV or VpD: 25 100 pA
Dout = OV or VpbD
Negative Power-Supply Voltage Vss :_ 0 -5 v
Negative Power-Supply Current| | = z 50 "
egative Power- urren
gaiv Eiicd = [ eDaa 2 50 2
Power-Supply Rejection | VDD = 5V +5%, Vs = OV 0.1 10.25 LSB
(change in full-scale error) | VDD = 5V, Vss = -5V +5% +0.1

TIMING CHARACTERISTICS (Note 3, Figures 1-7)
(VoD = +5V, REFIN = +2.5V, External Reference, AGND = DGND = 0V, Vgs = OV or -5V, Ta = TMmiN to TmaX, unless otherwise noted.)

|

[ PARAMETER | symBoL CONDITIONS | MIN  TYP  MAX |UNITS
| CS to WR Setup Time [ tcws 0 ns
| CS to WR Hold Time | tcwH 0 ns
| CS to RD Setup Time | tcRs ! 0 ns
CStoRDHold Time (Note2) | tcrw | o ns
_ _ 1' MAX15_C/E | 100 2000
WR Low Pulse Width tWR - — 1 s
MAX155M | 120 2090 |
Jov ) MAX15_C/E | 100
RD Low Pulse Width tRDOL 1 ns
MAX155M | 120
__ . MAX15_C/E 180
RD High Pulse Width (Note 2) tRDH S e ns
J MAX155M 200
WR to RD Delay (Note 2) | tw MAIS OE i
RD ns
i i MAX155M 300
Lomi M e MAX15_C/E 220
WR to BUSY Low Dela N ns
Y B0 Mmaxissm J 240
BUSY High to WR Delay 1
(to update configuration register) tBWD | 50 ns
(Notes 2, 3) f )
CLK to WR Delay T
(acquisition time) (Note 2) IACQ 3 800 D
BUSY High to RD Delay (Notes 2,3)|  terp | 50 ns
Address-Setup Time s | E 120 ns
Address-Hold Time tAH [ 0 ns

MAXIN




8-/4-Channel ADCs with
Simultaneous T/Hs and Reference

TIMING CHARACTERISTICS (continued) (Note 3, Figures 1-7)

(VoD = +5V, REFIN = +2.5V, External Reference, AGND = DGND = 0V, Vss = OV or -5V, Ta = TMmIN to Tmax, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX |UNITS
_ _ MAX15_C/E 100
RD to Data Valid (Note 4) tov — ns
MAX155M 120

RD to Data Three-State Output [ MAX15_C/E & ]

TR o
(Note 5) : MAX155M 100
CLK o BUSY Delay (Note2) | tcs 100 300 ns
CLK Frequency l 05 5.0 MHz

Note 1: Vpp = +5V, REFIN = +2.5V, Vss = OV. Performance at +5% power-supply tolerance is guaranteed by Power-Supply
Rejection test.

Note 2: Guaranteed by design, not production tested.

Note 3: All input control sicf:;nals are specified with tr = tf = 20ns (10% to 90% of +5V) and timed from a +1.6V voltage level. Output
signals are timed from VoH and VoL.

Note 4: tpy is the time reauired for an output to cross +0.8V or +2.4V measured with load circuit of Figure 1.

Note 5: tTRis the time required for the data lines to change 0.5V, measured with load circuits of Figure 2.

+5V +5V
3k 3k
DN * j_ DN DN 4 l DN
3K I 100pF _-[ 100pF 3K I 10pF I_ 10pF
= DGND = = DGND < <+ -
High-Z to Vg High-Z to Vg, Von to High- Vou to High-Z
Figure 1. Load Circuits for Data-Access Timing Figure 2. Load Circuits for Three-State Output Timing
ICRH ICRS ICRH

E tcws —.*- ICWH IcRS :L .- -cl H e i F

— IWR —o IWRD

WR

’ 2
% le— DL —wte— FOH —ste— fDL —»
S;_J N 7
1BRD
— le— DWBD—w IcoNv 18WD
BUSY N Ve
e IOV e IR
D0-D7 DATA IN DATA OUT DATA OUT
s WH tco
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Figure 3. Write and Read Timing
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MAX155/MAX156

8-/4-Channel ADCs with
Simultaneous T/Hs and Reference

Pin Description

MAX155 MAX156
NAME FUNCTION
DIP/SO DIP SO |
1 23 26 AIN3 | Sampling Analog Input, channel 3 :
2 24 28 AIN2 | Sampling Analog Input, channel 2
3 1 2 AIN1 Sampling Analog Input, channel 1
4 2 4 AINO | Samplifig Analog Input, channel 0
5 3 5 MODE | Mode configures multiplexer and converter. See Table 4.
6 4 6 Vss Negative Supply. Power Vss with -5V for extended input range.
7 5 7 CS | CHIPSELECT Input must be low for the ADC to recognize RD, or WR.
B 8 6 8 RD READ Input reads data sequentially from RAM.
9 7 g9 WR W Input’s rising edge initiates conversion and updates channel configuration register.
Falling edge samples inputs.
10 8 10 BUSY | BUSY Output low when conversion is in pro;;ess.
11 9 11 CLK External Clock Input
12 10 12 D7/ALL | Three-State Data Output Bit 7 (MSB) !Sequential or Specific Conversion
1é 11 13 D6/DIFF | Three-State Data Qutput Bit 6 / Single-Ended/Differential Select
14 12 14 qu_GND Digital Ground
15 13 15 D5/BIP | Three-State Data Output Bit 5 / Unipolar/Bipolar Conversion
16 14 16 D4/INH | Three-State Data Output Bit 4 / Inhibit Conversion Input
17 15 17 D3/PD | Three-State Data Output Bit 3 / Power-Down Input
18 16 18 D2/A2 | Three-State Data Output Bit 2 / RAM Address Bit A2 (MAX155 only)
3 “_19 17 Tg D1/A1 Three-S_tate Data Output Bit 1 / RAM Address Bit A1
] 20 18 20 DO/AO | Three-State Data Output Bit 0 / RAM Address Bit AQ
21 19 21 REFOUT| Reference Output, +2.5V
22 20 22 REFIN | Reference Input, +2.5V normally ]
23 21 23 AGND | Analog Ground
24 22 24 VoD Power-Supply Voltage, +5V normally
25-28 — — AIN7-4 | Sampling Analog Input, channels 7-4
- - 2}3‘| %‘7 N.C. No Internai Connection - fioating pin.
6 MAXIMN



8-/4-Channel ADCs with

Simultaneous T/Hs and Reference

Detailed Description
A/D Converter Operation

The MAX155/MAX156 contain a 3.6us successive ap-
proximation ADC and 8/4 track-and-hold (T/H) inputs.
When a conversion is started, all AIN inputs are simulta-
neously sampled. All channels sample whether or not
they are selected for the conversion. Either a single-chan-
nel or multi-channel conversion may be requested and
channel configurations may be mixed. ADC results are
then stored in an internal RAM.

In hard-wired mode (see Multiplexer and A/D Configura-
tions section) multi-channel conversions are initiated with
one write operation. In input/output (I/O) mode, multi-
channel configurations are set up prior to the conversion
by loading channel selections into the configuration reg-

Table 1. Multiplexer Configurations

ister. This register also selects single-ended/differential,
unipolar/bipolar (Figure 9), power-down and other func-
tions. Each channel selection requires a separate write
operation (i.e. 8 writes for 8 channels), but only after
power-up. Once the desired channel arrangement is
loaded, each subsequent write converts all selected
channels without reconfiguring the multiplexer (mux). 1/O
mode requires more write operations, but provides more
flexibility than hard-wired mode.

To access conversion results, successive RD pulses
automatically sequence through RAM, beginning with
channel 0. Each RD pulse increments the RAM address
counter, which resets to 0 when WR goes low in multi-
channel conversions. An arbitrary RAM location may also
be read by writing a 1 to INH while loading the RAM
address (A0-A2), and then performing a read operation.

accessed without starting a conversion.

PIN* INPUT FUNCTION
B?ﬁ? 1or0 AQ-A2 select a multiplexer channel for the configurations described below, or select a RAM address for read-
D2/A2 ing with a subsequent RD.
0 Normal ADC operation
D3/PD : : : = ’
1 Power-Down reduces the power-supply current. Configuration data may be loaded and is maintained during
power-down.
0 A conversion starts when WR goes high.
D4/INH . ) , : . .
1 Inhibits the conversion when WR goes high. Allows mux configuration to be loaded and RAM locations to be

0 Unipolar conversion (Figure 9a) for the channel specified by A0-A2. Input range = OV to VREF.

i 1 Bipolar conversion (Figure 9b) for the channel specified by AO-A2. Input range = +VREF.
06/DIFF 0 Single-ended configuration for the channel specified by A0-A2 as described in Table 2.
% 1 Differential contiguration for the channel specified by AD-A2 as described in Table 2.
o 0 All previously configured channels are converted. Data is read with consecutive RD pulses, beginning with
D7/ALL the lowest configured channel.

1 Only the channel specified by A2-AQ is converted. A single RD pulse reads the result of that conversion.

* Configuration inputs are shared with data outputs DO-D7. The functions of D0-D7 are not described in this table.
** DIFF and BIP are not implemented on the current conversion, but go into effect on the following conversion.

MAXIMN
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MAX155/MAX156

8-/4-Channel ADCs with

Simultaneous T/Hs and Reference

Multiplexer and A/D Configuration

A conversion is started with a WR pulse. All channels
sample on WR's falling edge. Mux configuration data
is loaded on WR's rising edge. In I/O mode (MODE =
Open Circuit), selections for channel number, single-
or multi-channel conversion, unipolar or bipolar
input, and single-ended or differential input are made
with A0-A2, ALL, BIP, and DIFF (Table 1). These input
pins are also shared with the RAM data outputs
DO-D7. An alternate, simpler interface is provided by
the hard-wired mode, which selects some general
mux configurations without requiring ADC program-
ming. Hard-wired connections of MODE and Vss

select from 4 mux configurations as listed in Table 4 (see
Hard-Wired Mode section).

On the rising edge of WR, the mux configuration
register is updated; falling edge initiates sampling
of all inputs. A channel selection can be imple-
mented on the current conversion, but changes
from unipolar to bipolar (with BIP) or from single-
ended to differential operation (with DIFF) do not
go into effect until the following WR. This can be
overcome by writing to the configuration register
while inhibiting the conversion (INH = 1), or by
changing DIFF and BIP one conversion early, i.e.
on the previous write.

Table 2. Single-Ended Channel Selection (MODE = Open Circuit)

MUX ADDRESS SINGLE-ENDED CHANNEL SELECTION
A0 Al A2 DIFF 0 1 2 3 4 5 6 7 AGND
0 0 0 + =
1 0 0 + =
0 1 0 0 + -
1 1 0 0 + -
0 0 1 0 . =
1 0 1 0 - -
0 1 1 0 + -
1 1 1 0 + -
Note: Shaded areas represent MAX 156 operation
Table 3. Differential Channel Selection (MODE = Open Circuit)
MUX ADDRESS DIFFERENTIAL CHANNEL SELECTION

A0 A1 A2 | DIFF o | 1 | 2 3 4 5 6 7
0 0 0 1 + e

0 1 0 1 + -

0 0 1 1 P _

0 1 1 1 + =
1 0 0 1 - +

1 1 0 1 - +

1 0 1 1 = +

1 1 1 1 - +

Note: Shaded areas represent MAX 156 operation.

8
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8-/4-Channel ADCs with

Simultaneous T/Hs and Reference

Interface Timing

Input/Output Mode,
Multi-Channel Conversion Timing

I/O mode is selected when the MODE input is open circuit.
In /O mode, the mux configuration register determines
the conversion type. The register is updated on the rising
edge of WR.

Table 1 lists all conversion options. For example,
at D6/DIFF, a logic 0 or 1 selects a single-ended
or differential conversion. Data is loaded into
addressed locations in the configuration register
with a series of WR pulses. If INH is high while
writing, no conversion takes place. A conversion
is started by writing INH = 0 to the configuration
register. When a change is made to the contents
of the configuratior register, a "dummy" conver-
sion may be necessary. This is due to a built-in
latency of one full conversion for unipolar/bipolar
and single-ended/differential selections.

It is not necessary to update the configuration regis-
ter before every conversion. A particular mux config-
uration must be loaded only once after power-up (but
the configuration may require several writes to be
loaded). A mux configuration is retained for succes-
sive conversions and during power-down (PD = 1) so
that reconfiguring is unnecessary when the ADC re-
turns to normal operation (PD = 0). Configuration and
RAM data is lost only when power is removed from
the ADC at VpD.

When updating the configuration register, INH should be
high for all except the last WR so the conversion is not
started until the mux is set. On WR's falling edge, all input
channels sample simultaneously. BUSY goes low at the
beginning of the conversion, and channels are converted
sequentially starting with the lowest selected channel.
When BUSY goes high, conversion results are stored in
RAM. At conversion end, a microprocessor (uP) can
access the RAM contents with consecutive RD pulses.
The first accessed data is the lowest channel's result.

MAXIMN

Subsequent RD pulses access conversion results for the
remaining channels.

The configuration data determines which RAM locations
are sequentially read by consecutive RD pulses, so new
data should be placed in the configuration register only
after a full RD operation. It is not necessary to update the
configuration register for every conversion. A new conver-
sionisinitiated with a WR pulse (when INH = 0), regardless
of the number of channels that have been read.

Figure 4a shows the MAX155 timing for an 8-channel
unipolar configuration. 8 channels are configured and 8
consecutive RD pulses access data. Figure 4b illustrates
4-channel differential conversion timing involving 4 sam-
pled channels and 4 RD pulses. In cases where conflict-
ing differential configurations are loaded, the last channel
selected with DIFF = 1 will be the positive input of the
differential channel.

Input/Output Mode,
Single-Channel Conversion Timing

Figure 5a shows timing for a single-channel (ALL = 1),
single-ended conversion; Figure 5b shows a differ-
ential conversion. With MODE floating, the configu-
ration register is updated on the rising edge of WR.
BUSY goes low at the beginning of the conversion
and returns high when the channel designated by the
configuration register has been converted. All chan-
nels are sampled on the falling edge of WR even if
only a single channel has been requested. At con-
version end, the uP can read the result for the se-
lected channel with a single RD pulse. Subsequent
RD pulses will access old conversion results remain-
ing in other RAM locations. The next conversion is
initiated with a WR pulse, regardless of the number
of channels that have been read.

INH and AQ0-A2, in the configuration register, access
locations in RAM. INH = 1 allows the RAM address
pointer to be updated without starting a conversion. A
READ pulse then reads the contents of the addressed
location.

9GS I XVIN/SS EXVIN



MAX155/MAX156

8-/4-Channel ADCs with
Simultaneous T/Hs and Reference

)

5 S e N

s

X e A TN
W

RD

e | DATAIN e Ty — CH 6 CHT
T T !

F CONSECUTIVE RAM LOCATIONS ARE
L ACCESSED BY CONSECUTIVE RD PULSES

THE FIRST RAM LOCATION READISCHO
L CONVERSION END OF 8 CHANNELS
L L UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION
— ALL 8 CHANNELS ARE SAMPLED HERE

NOTE: After power-up, and prior to the above timing Once the above data is loaded, all channels are converted
T Blone Sha o e o e uih & inole Wt any acirese (s whe e shove
8 WRs (see Figure%} are needed for 8 channels: ' g Chagren begus). WRIVIR = 0, and =5
A0 A1 A2 | PD INH BIP DIFF ALL A0 A1 A2 | PD INH BIP DIFF ALL
0 0 0o | o 1 S 0 0 0 0 o] o 0 5 .0 0
1 0 0 0 1 S 0 0
0 1 0 0 1 S 0 0
1 1 0 0 1 S 0 0
0 0 1 0 1 S 0 0
1 0 1 0 1 S 0 0
0 1 1 0 1 S 0 0
__ 1 1 0 1 ) 0 0

_May be selected

Figure 4a. Input/Output Mode Timing - Eight Single-Ended Conversions
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8-/4-Channel ADCs with
Simultaneous T/Hs and Reference

es
— kb
WR
- 1 z
"D

BUSY r tcony  ———=
#

D0-07 \
LI DATAIN
iy,

(DD
| | | |

[
{ E CONSECUTIVE RAM LOCATIONS ARE
ACCESSED BY CONSECUTIVE RD PULSES

L THE FIRST RAM LOCATION READ IS CH 0, 1
CONVERSION END OF 4 DIFFERENTIAL CHANNELS
‘— UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION
~— ALL 4 DIFFERENTIAL CHANNELS ARE SAMPLED HERE

NOTE: After power-up. and prior to the above timing Once the above data is loaded, all channels are converted
sequence, all differential channels must be set up by with a single WR to any address (this is where the above
writing to the configuration register (AINO, 2, 4, 6 are +, timing diagram begins). With INH = 0, and ALL = O:

and AIN1, 3, 5, 7 are - for this example). 4 WRs (see
Figure 3) are needed for 4 channels: S
A0 A1 A2 | PD INH BIP DIFF ALL

A0 A1l A2 | PD INH BIP DIFF ALL 0 0 0] o 0 3 1 0
0 0 0 0 1 S 1 0
0 1 0 0 1 S 1 0
0 0 1 0 1 S 1 0
0 1 1 0 1 S 1 Q

S = May be selected

Figure 4b. Input/Output Mode Timing - Four Differential Conversions

MAXIN

1
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MAX155/MAX156

8-/4-Channel ADCs with
Simultaneous T/Hs and Reference

CS = * 7[__________. e e et i EEPEVI.
—_— |
WR e, E Z——-__-___ — e — - e - —
ﬁ |
- je——— CONY |
B~ j
' i
00-07 ﬂ ) | \f DATA ou1>f
[ '
| T_ READ DATA INDICATED BY ADDRESS
. L END OF CONVERSION
L UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION

L CHANNEL IS SAMPLED HERE

NOTE: A single-ended channel is converted by writing the

following data into the configuration register (see Figure 3).

The BIP and DIFF bits are not implemented until the next
A0 A1l A2 PD INH BIP DIFF ALL

S S S 0 0 S 0 1

S = May be selected

Figure 5a. Input/Output Mode Timing - Single-Channel, Single-Ended Conversion

s —
. #
m e L e L
X XK
RD

. —  fcony ———
BUSY 4
/]
D0-D7 — DATA IN y DATAQUT

t_. READ DATA INDICATED BY ADDRESS
L END OF CONVERSION
L UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION
L CHANNEL IS SAMPLED HERE

NOTE: A differential channel is converted by writing the
following data into the confi?yration register (see Figure 3).
The BIP and DIFF bits are nof implemented until the next :

A0 A1 A2 PD INH BIP DIFF ALL

F

S S S 0 0 S 1 1
S = May be selected

Figure 5b. Input/Output Mode Timing - Single-Channel, Differential Conversion
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T i

L END OF CONVERSION

L ALL CHANNELS ARE SAMPLED HERE

NOTE: A RAM location is read by writing the following
dﬂ%mto the configuration register and when performing
aRD. If INH = 0, a conversion will begin.

AO Al A2 PD INH BIP DIFF ALL

S S S 0 1 X X 1

S=Maybeselected
X = Don't Care for this WR if INH = 0, but may affect next
conversion.

(3
—L ) LN/
WR
X ¥
RD
— | tcon —
BUSY SL '
i
00-07 INH=0 \ INH -1 INH-0
—+— DAAN ) DATAQUT )————— pATAIN DATA OUT DATA IN
t !

UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION

! UPDATE CONFIGURATION
L REGISTER: BEGIN CONVERSION
READ DATA AT ADDRESS
L UPDATE CONFIGURATION REGISTER WITH NEW ADDRESS
READ DATA INDICATED BY ADDRESS

Figure 6. Input/Output Mode Timing - Reading Arbitrary RAM Locations

Hard-Wired Mode

For simpler applications, the MODE and Vss pins can be
hard-wired to specify the type of conversion as outlined
in Table 4. In this mode, the configuration register is not
used, so input data on DO-D7 is ignored. For example,
with MODE tied low, an 8-channel, single-ended conver-
sion begins with WR. With MODE tied high, a 4-channel,
differential conversion is initiated with WR. Again, the
configuration register is not affected by the data present
on DO-D7. These conversions are otherwise identical to
those shown in Figure 4.

Analog Considerations
Internal Reference

The internal 2.5V reference (REFOUT) must be bypassed
to AGND (Figure 8a) with a 4.7uF electrolytic and a 0. 1uF
ceramic capacitor to ensure stability.

External Reference

If an external voltage reference is used at REFIN, REFOUT
must either be bypassed (Figure 8b) or disabled to pre-

Table 4. Hard-Wired Mode - Multiplexer
Selections

| MODE | vss CONVERSION TYPE 3
OPEN X Multiplexer configuration register determines_
CIRCUIT conversion type. Not hard-wired.
0 AGND | 8-Channel, Single-Ended, Unipolar Conversion
1 AGND | 4-Channel, Differential, Uni.p.o‘la“r_Conversmn
0 5V | 8-Channel, Single-Ended, Bipolar Conversion
1 -5V | 4-Channel, Differentia];épolar Conversion

vent its output from oscillating and generating unwanted
conversion noise elsewhere in the ADC. If component
count is critical when using an external reference,
REFOUT may be disabled by connecting it to VpD. In this
case, the unused internal reference does not need a
bypass cap. A disadvantage of tying REFOUT to VpD is
that power-down current will be increased by about
250pA above the specification limits.
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2, e

| )

) .
—'*\_/—S\r\__/—\_/—

BUSY Icony
)l; 7[

00-D7 / (oo ) cn-n RS < >,__H_*@f
| !

k CONSECUTIVE RAM LOCATIONS ARE
ACCESSED BY CONSECUTIVE RD PULSES

THE FIRST RAM LOCATION READISCH O
— END OF CONVERSION OF 8 CHANNELS

L— ALL 8 CHANNELS ARE SAMPLED HERE

MODE =0
Figure 7a. Hard-Wired Mode Timing - Eight Single-Ended Conversions
R / AN
WR
N
R
BUSY b fconv
ﬁl +
D0-D7 / N / N
{ 01 { 23 ) 4,5 6,7
T | ! |
| t: CONSECUTIVE RAM LOCATIONS ARE
ACCESSED BY CONSECUTIVE RD PULSES
L THE FIRST RAM LOCATION READ ISCH0, 1
L— END OF CONVERSION OF 4 DIFFERENTIAL CHANNELS
L— ALL 4 DIFFERENTIAL CHANNELS SAMPLED HERE

MODE =1

Figure 7b. Hard-Wired Mode Timing - Four Differential Conversions
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8-/4-Channel ADCs with
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AINX (+) m———— AINy ANy (+) ———] AINk
AR AU Alx()o— ANAAM
— MAX155 - MAX155
T _ Voo MAX156 " — Vo, MAX156
! REFOUT s 25V
| — REFIN L P ser e rern
P I o | Ls Y
4IuF —~ == 01yf 4.7uF —— 0.1yF gy T
N e 47yF | —PmF \_@ AN
l _L — Vs : | 5 Vs
‘It 47F
e
Figure 8a. Internal Reference Figure 8b. External Reference, +2.5V Full Scale
Power-Down Mode Track/Hold Amplifiers

The MAX155/MAX156 may be placed in a powered-down
state by writing a 1 to the PD location in the configuration
register (Table 1). The register may be updated while in
this state (to change mux configurations or exit power-
down mode) and all register contents are retained; how-
ever, no data can be read from RAM and no conversions
can be started. The power-down command is imple-
mented on WR's rising edge.

To minimize current drain, the MAX155/MAX156 internal
reference is turned off during power-down. When return-
ing to normal operation (PD = 0), up to 5ms may be
needed to allow the reference to recharge its 4.7uF
bypass capacitor before a conversion is performed. If an
external reference is used, and remains on during power-
down, a conversion can be started within 50us after
loading PD with a 0.

Bypassing
A 47uF electrolytic and a 0. 1uF ceramic capacitor should
bypass VDD to AGND. If input signals below ground are
expected, a negative supply is necessary. In that case,
Vss should be bypassed to AGND with a 4.7uF and 0. 1uF
combination.

The internal reference requires a 4.7uF and 0. 1uF com-
bination. If an external voltage reference is used, bypass
REFIN to AGND with a 4.7uF capacitor close to the chip.
When an external reference is used, REFOUT must still
be either bypassed or connected to VDD.

The MAX155/MAX156 T/H amplifiers’ high input imped-
ance usually requires no input buffering. All T/Hs sample
simultaneously. For best results, the analog inputs should
not exceed the power-supply rails (VDD, VsSs) by more
than 50mV. '

The time required for the T/H to acquire an input signal
for one channel is a function of how quickly the channel
input capacitance is charged. If the source impedance
of the input signal is high, acquisition takes longer, and
more time must be allowed between conversions. Acqui-
sition time is calculated by:

tacq = 8(Rs + RIN) x 4pF (but never less than 800ns),
where RIN = 15kQ, and Rs = source impedance of the
ADC's input signal.
Conversion Time
Conversion time is calculated by:

tCONV = (9 x N x 2)/fCLK,

where N is the number of channels converted. This
includes one clock cycle of uncertainty. For a single
channel and 5MHz clock, the conversion time is
(9 x 1 x 2)/5MHz = 3.6us. For the MAX155, the maxi-
mum conversion time for 8 channels is (9 x 8 x 2)/5MHz
= 28.8us. In the application example (Figure 10), six
conversions are configured, and the conversion time is
(9 x 6 x 2)/SMHz = 21.6us.
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QUTPUT
CODE
'y
(FS - 3/2 L5B)
1111111 N
o4
1111101 & JJ?
FS = VREF
FS
TR
00000011 L : L5B=2c6
00000010 |- J
|
0000 0001 -
0000 0000 ‘Ti% f——+— AN
01LSB' 3LSBs 44
2LSBs FS-1LSB - F5

AIN, INPUT VOLTAGE (LSB)

Figure 9a. Transfer Function - Unipolar Operation

OUTPUT
CODE

4
o1t +

01111110

(O
0000 0010

0000 0001 1

0000 0000 (¢

-1/2LSB

(C .

ninm 4+

11111110 1+

h=
"R

1000 0001 -

1000 0000 -

2 FS-1SB
+1/2L3B

F3= 2VRESF
F
1LSB = 256

Application Information
9-Bit A/D Conversion

In 1/O Mode, a 9th bit of resolution can be created by
performing two unipolar differential conversions with op-
posite input polarities (i.e. first with AINO[+] and AIN1[-],
then with AINO[-] and AIN1[+]). Only the AO bit must be
changed to reverse input channel polarity (Table 3). The
sign reversal also occurs on the current write without a
one conversion delay. For a differential input signal, one
of the two conversions will read 0 while the other will
contain an 8-bit result. The input polarity that provides the
8-bit result indicates the 9th (sign) bit. 4 channels can
be measured this way. A major drawback of this tech-
nique is that many of the sampling features of the
MAX155/MAX156 are defeated since two separate sam-
ples are needed.

If only two 9-bit channels are needed, then two separate
differential channels with reversed input polarities can be
connected so that both input pairs sample at the same
time. This way the simultaneous sampling advantages of
the MAX155/MAX156 are retained.

Typical 1/0 Mode Application

MAX155/MAX156 address and configuration inputs for
this example were determined by selecting the desired
channel configurations in Tables 2 and 3. Figure 10 illus-
trates the configuration outlined in Table 5.

Table 5. Typical Multiplexer Configuration

A2 | A1 A0 | DIFF| BIP FUNCTION
0 0 1 y . (B)Irl]aacﬂgrel (1,0), Differ[e?tiéiﬂ,—ﬁ
0 1 0 0 0 8:?;(:;::2, Single-Ended,
0 1 1 0 1 (E_;,il;f(;)r?gfl 3, Single-Ended,
1 0 0 0 1 gir;j%r?g:el 4, Single-Ended,
1 0 1 0 0 82%&?2:5' Single-Ended,
1 1 0 1 0 82%'32: (6, 7), Differential,

Figure 9b. Transfer Function - Bipolar Operation
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An A/D conversion in 1/O Mode involves the following
three steps:

i,

Configure the mux by loading data into the configuration
register based on selections from Table 2 and/or 3 (with
INH = 1 and MODE = open circuit). For this example, 6
write operations (with each address and data setting in
Table 5 above) load the mux after power-up.

Sample all selected channels with a WR pulse (and
INH = 0), and update or rewrite any one location of the
configuration register.

This write operation may be skipped by loading INH with
a0 onthe last WR of the above step. The conversion then
starts on the 6th WR. DIFF and BIP cannot be changed
on the 6th WR if the conversion is started at that time.

When the conversion starts, BUSY goes low while all
selected channels are sequentially converted. Conver-
sion results are stored in RAM and are ready to read when
BUSY returns high.

3. Data is read from RAM with INH = L and consec-
utive RD strobes. Note that in the 6 channel con-
figurations described in this example (Figure 10),
6 RD pulses access all available data, starting
with the differential channel (1,0). Additional RD
pulses loop around, accessing the lowest chan-
nel data again.

4. To start a new conversion cycle with the same mux
configuration, repeat steps 2 and 3.

+5‘.I"
r———o—
. !umF
- Voo =3 " aF
M) |
. DIFFERENTIAL
BIPOLAR
i) 21 =
REFOUT |5 S
REFIN |
| 0.1uF
(2) UNIPOLAR i o
AAXIAN l _T
MAX155 X
(3) BIPOLAR
11
21 (4)BrPoLaR CLK  CLOCK
— 5
MODE |
C_S P s
27 RD 8
SENSOR (5) UNIPOLAR i)
WR
_"T1o
== BUSY
2. 15,1312
(24 (5) D0-D7 |~ DATAI/OLINES
DIFFERENTIAL s
25V 125] ;) [ UNIPOLAR
AGND  DGND Vss
175V 23 14 la
i - :L 5V
0-1uFT T 47uf

Figure 10. MAX155/MAX156 Typical Operating Circuit
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_ Ordering Information (continued)

ERROR |

PART TEMP.RANGE  PIN-PACKAGE T ‘
| MAXTSSAER!  -40C10+85C 28 Plastic OF  £1/2
MAX155BEPI  -40°Cto+85'C 28 Plastic DIP 1
MAX155AEWI -40°C to +85°C 28 Wide SO +1/2
MAX155BEWI -40°Cto +85°C 28 Wide SO +1
MAX155AMJI  -55°Cto +125°C 28 CERDIP™  +1/2
| MAX155BMJI  -557Cto +125°C 28 CERDIP™  +1
MAX156ACNG  0'Ct0+70°C 24 Plastic DIPT  +1/2
MAX156BCNG  0°Cto+70°C 24 Plastic DIPT  +1
| MAXISBACWI  0°'C1o+70'C_ 28WideSO 12
MAX156BCWI  0'Cto+70°C 28 Wide SO +1
MAX156BC/D  0'Cto+70°C  Dice" +1
MAX156AENG -40°Cto +85°C 24 Plastic DIP'  +1/2
MAX156BENG -40°Cto +85°C 24 PlasticDIP'  +1 |
MAX156AEWI -40°Cto +85°C 28 Wide SO 12 |
MAX156BEWI  -40°Cto +85°C 28 Wide SO +1 |

* Contact factory for dice specifications.
** Contact factory for availability and processing to MIL-STD-883.

1 Narrow
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Pin Configurations (continued)

TOPVIEW

R =
ANT [ 1] 24) A2
AINO E 23) AN3
MODE [ 3 23] Voo
9] ArAXIAN 22]
Vss (4] maxise  [21] A6ND
cs [5 20] REFIN
"D [6 [19] REFOUT
WA [7] 18] DO/AD
BUSY (8] 17] D1/A1
S el 16] D2
D7ALL [10 [15] 0370
DG!DIFFE 2] D4/NH
DoDifs2 13] Ds/BIP
DIP
L ]
'TE 28] AIN2
P
AINT [2 27] nc.
NC. |3 ‘2"5‘[ AIN3
mMmaxamm | —
aNO (4] pmaxise  [RSINC
MODE [ 5 24] Voo
Vss L6 23] AGND
sz 22] ReFIN
R0 [8] [21] ReFouT
WR 9 [20] 00740
BUSY [10] [19] D1/A1
CLK [11] 18] 02
O7ALL [12 [17] 030
DB/DIFF [13] 16 Dam
DGND [14] [15] Ds/iP

WIDE SO
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Chip Topography

MAXIMN

AIN1 (N.C.)
AIN4 (AIN2)
AINS (N.C.)

MoDE g

—
|-

D2/A2 (D2)—fl

NOTE: LABELS IN ( ) ARE FOR MAX156.
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Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information

go to www.maxim-ic.com/packages.)
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