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CMOS 12-Bit A/D Converters

__ General Description

The MAX163, MAX164, and MAXI167 are complete
CMOS sampling 12-bit analog-to-digital converters
{ADCs) that combine an on-chip track-and-hold and
voltage reference along with high conversion speed
and low power consumption. A conversion time of
8.33us includes seftling time for the track-and-hold.
An internal buried zener reference provides low drift
with low noise.

The three A/Ds differ only in their analog input range.
The MAX163 accepts OV to +5Y inputs, the MAX164
accepts -5V to +5V inputs, and the MAX167's input
range is -2.5V fo +2.5V. External components are
fimited to only decoupling capacitors for the power
supply and reference voltages. On-chip clock circuitry
can either be driven from an external ¢lock source ar
a crystal.

The MAX163/164/167 employ a standard micro-
processor interface. Three-state data outputs can be
configured for 8- or 12-bit data buses. Data access
and bus release timing specs are compatible with
most popular microprocessors withaut resorting to
wait states.

Applications
Digital Signal Processing (DSP)
Audio and Telecom Processing

High Accuracy Process Control
High Speed Data Acquisition

With Track-and-Hold

. _ Functional Diagram

* All devices —24 lead packages

“*Consult factory tar dice specifications

Qrdering intormation continued on last page.

Features
# 12-Bit Resolution
# 8.33us Conversion Time
4 Internal Analog Track-Hold
4 B6MHz Full Power Bandwidih
# On-Chip Voltage Reference
4 High Input Resistance (500M{))
& 100ns Data Access Time
4 180mW (Max) Power Consumption
& AD7572/MAX162/MAX172 Plug-In Replacement
4 24 Lead Narrow DIP and SO Packages
Ordering Information
PART TEMP. RANGE PACKAGE* ERROR
MAX16TACNG 0°C o -70°C  Plastic DIP +% LSB
MAX187BCNG 0°C to +70°C Plastic DIP 41 LSB
MAX167CCNG 0°C to +70°C  Plastic DIP 11158
MAX16TACWG 0°C to +70°C _\a_Vide SC I LBB
MAX167BCWG 0°C to +70°C  Wide SO +1 LSB
| MAX167CCWG 0°C to +70°C  Wide SO 1 L5B
_NLAX16?AEWG -40°C to +B85*C  Wide SO +'% LSB
MAXIBTEEWG  -40°C to +85°C  Wide SO 11 LSB
MAX167VCEWG  —40°C to +85°C  Wide SO +1 LSB
MAX167CC/D 0°C ta 170°C  Dice"” +1 LSB
MAX167TAENG  -40°C to +85°C  Plastic DIP 1 LSB |

Pin Configuration
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Call toll free 1-800-998-8800 for free samples or literature.
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MAX163/164/167

CMOS 12-Bit A/D Converters

With Track-and-Hold
ABSOLUTE MAXIMUM RATINGS

Voo te DGND ... oo

Vg5 to DGND

AGND to DGND ...........0ovviv e

AIN ta AGND .

Digital input Violtage to DGND
{Pins 17, 19-21)

Digital Output Voltage to DGND
(Pins 4-11, 13-16, 18, 22)

Lead Temperature (Soldering 10 seconds)

...... -0.3 to +7V Operating Temperature Ranges
03V to 17V MAXI1BXXC ... ... 0°C to +70°C
-0.3V to Vpp +0 3V MAXIBXXE .. o i v .. -40°C to +B5°C
... —15V to +15V MAXTIEBXXM ... .o -55°C 1o +125°C
-0.3V to Vpp +0.3V Storage Ternperature Range ............ -85°C 10 +160°C
Power Dissipation (any Package) ............... 1000mwW
.. =03V to Vpp +0.3V Derates Above +75°C by ... ... ... ... 10mW/~ G

L P3007C

Stresses above those listed under "Absolute Maximum Ratings' may cause permanent damage (0 the device. These are stress ralings oniy, and
tunctiona! operaton of the device af these or any other conditions above those indicatad in the operational sectinns of the specihcalions s not

ELECTRICAL CHARACTERISTICS
{Vop = +6V £5%, Vgs = -11.4V to -15.75V, Slow Memory Mode (see text), Ta = Tmiv to Tuax, foik - 1.6MHz unless otherwise noted )

PARAMETER [ symaoL | CONDITIONS MIN  TYP MAX |UNITS
ACCURACY
Resolution 12 Bits

. . MAX16XB. MAX16XC =1

Integral Non-Linearity INL MAXIETA T2 LSB
Differential Non-Linearity ONL Guaranteed Maonotenic Cver Temperalure b1 LSB
Dffset Error (Note 1) Koy MAX1G7 Te | Lss
Full Scale Error (Note 2) Ta = 25°C. includes Reference Errar ,rio LSE
Full Scale Tempco ) -
(Notes 3, 5) Excludes Internal Reference Drift +5  |ppm/"C

. ) Synchronous (12.5 Clock Cycles) 781
Conversion Time tcony (13 Clack Cycles) 813 Hs
Clack Frequency feLm 01 16 MHZ
DYNAMIC ACCURACY (Sample Rate = 100kHz)
Signal to Noise plus , ; o
Distortion Ratic S/(N+D) [ 10kHz Input Signal, Ts  25°C 70 dB
Total Harmonic Distortion THD 10kHz Input Signal, MAX187 - _ -80 dB
(up 1o the 5th harmonic) | Ta = 257C MAX163, MAX164 -76
Peak Harmonic or 10kHz Input Signal, MAX157 80 45
Spurious Noise Ta = 25°C MAX163, MAX164 76
Full Power In Track Made, 6 MHz
Sampling Bandwidth Under Sampled Wavefarm
ANALOG INPUT
Input Voltage Range MQEgi _% :g "
(Note 4) MAX167 25 s25
nput Leakage Current 41 LA
Input Capacitance {Note &) 20 pF
Track-Hold i s

Acquisition Time

AKX




CMOS 12-Bit A/D Converlers
With Track-and-Hold

ELECTRICAL CHARACTERISTICS (continued)
(Vop = +5V 5%, Vss = -11.4V to —15.75V, Slow Memory Mode (see text), Ta = Tamin 1o Tuax, fos = 1 6MHz unless otherwise noted.)

PARAMETER [ symBoL | CONDITIONS [ MIN_ TYP  max |UNITS
REFERENCE
Vigr Output Voltage Ta=25°G 298 500 502 | v
Vrer Qutput Tempco MAX1BXB, MAXI6XA 25 miEG
(Note 6) MAX16XC 45 |FP
" AFS/Alger,
Reference Load Sensitivity Jrwe Loag Change: 0 to 5mf‘ 0.2 1 LSB/mA
Output Sink Current ] mA
LOGIC INPUTS
Inpui Low Voltage . Vi CS5. RD, HBEN, CLK IN 0.8
Input High Voltage Yin G5, RD, HBEN, CLK IN 2.4 v
Input Capacitance ==
‘[Note 5 Cin CS8, RD. HBEN, CLK IN 10 pF
€8, RD, HBEN 0
Input Current lin Vin = OV 10 Voo GLK IN 20 1A
LOGIC OUTPUTS - I
D11-D0/8, BUSY, CLK OUT
Qutpul Low Voltage VoL o = 1.6rmA 04 v
. D11-DO/8, BUSY, CLK CQUT
Output High Voltage Vo leaurcs = 2000A 4 v
Three-State -
Leakage Current I D11-DQ/8, Vour = 0V to Vpp 110 A
Three-State
QOutput Capacitance Co (Note 5) 15 | pF
POWER REQUIREMENTS
Positive Supply Voltage Voo +5% For Specified Performance 5 Iy
Negative Supply Voltage Vge +5% For Specified Performance -12 -15 v
- s FS Change, Vss = 18V or -12V +
Positive Supply Rejection Vop = 475V 10 5,25V X +1/2 LSB
FS Change. Vpp ~— 5V
Megative Supply Rejection Vsg = -14.25V 1o -15.75V 11/8 LSB
Veg - -11.4V 1o 12,6V +1/8
Positive Supply Gurrent Ipo CS - RD = Voo, AIN - 3V 4 & mA
Negative Supply Current Ise TS = RD = Vpp, AIN = 5V 7 10 mA
Power Dissipation Vpp = +5V, Vg - -12V 104 150 mw

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

VAKXV

Typical change over temp is —1 LSB.

Ideal last code transition = FS - 3/2 LSB, adjusted for offset.
Full Scale Tempco = AFS/AT, where AFS is full scale change from Ta = 25°C to Tamin of Thax
Vinv must not exceed Vpp for specified accuracy.
Guaranteed by design. not subject to test.

Vaer Tempeo = AVeee/AT, where AVgrgr is reference voltage change from Ta = 25°C to Tyin or Tuax

LOL/PIL/EQIXVN



MAX163/164/167

CMOS 12-Bit A/D Convertlers
With Track-and-Hold

TIMING CHARACTERISTICS (See Figures 9-12)

(Moo - +8V, Vg = -12V or -18V, Ta - Taun to Twax, Note 7 specifications i bold type are 100% tested, others are guaranteed by
design, unless atherwise noted).

[symeoL
{Figures CONDITIONS Ta - 25°C MAX16XXC/E |MAX16XXM
PARAMETER 9-12) MIN TYP MAX| MIN MAX [ MIN MAX | UNITS
CS to AD Setup Time ty 0 0 0 ns
RD to BUSY Delay _
{Note B) 1o CL = 50pF 80 170 220 260 ns
Data Access Time _ )
(Notes 8, 9) 13 CL = 100pF 50 100 130 150 ns
RD Pulse Width tg 100 - 130 150 ns
CS to RD Hold Time 15 0 o] ] ns
Data Setup Time Aftar
BUSY (Notes B, ) tg 40 80 105 120 ns
Bus Relinquish Time
(Notes 8, 10) 17 30 50 65 75 ns
HEEN to RD Setup Time . 1 o 0 0 ns
HBEN fo RD Hold Time 1 0 0 0 ns
Delay Between
READ Operations tie 200 200 200 ns
Delay Between
Conversions T ! ! ! Hs
Aperture Delay L1z Jitter < 50ps 25 ns
CLK to BUSY Delay ti 80 170 220 | 260 | ns

Note 7: All input contral signals are specified with t. = 1, = &ns {10% to 90% of ~5V) and timed from a vollage level of +16V

Mote 8: This specification is 100% production tested.

Note 9: t, and tg are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0 8V or
2.4V

Nate 10: t7 15 defined as the time required for the data lines io change 0.5V when loaded with the circuits of Figure 2.

_ V1K) vl




CMOS 12-Bit A/D Converters

Pin Description

PIN NAME FUNCTION
1 AIN Sampling Analog Input,
MAX163: OV tc +6V Unipolar
MAX164. +5Y Bipolar
MAX167. X2.5Y Bipolar
2 VREF -5.00¥ Reference Qutput
3 AGND | Analog Ground
4-11 C11-D4 | Three-State Data Qutputs
12 DGND | Digrtal Ground

13-16 |D3/11-D0/8| Three-State Data Outpuls

17 CLK IN | Clock Input. An external TTL compat-
ible clock may be connected, or a
crystal may be connected between
CLK IN and CLK QUT.

18 | CLK OUT |Clack Output. An inverted CLK IN
signal appears at this pin.

With Track-and-Hold

A/D Converter Operation

The MAX163/164/167 use successive approximation
and input track-and-hold circuitry to convert an
analog signal to a series of 12-bit digital output
codes. The control logic provides easy interface to
micropracessors so that most applications require
only passive components to perform analog-te-digital
conversions. No “hold” capacitor is required. Figure
3 shows the MAX163/164/167 in their simplest
operational configuration.

Analog Input—Track-and-Hold

In Figure 4, the equivalent input circuit illustrates the
sampling architecture of the ADC's analog compara-
tor. The comparator's input capacitance acts as the
“hold” capacitor and must be completely charged by
the input signal with every A/D conversion (but NOT
every clock cycle). The capacitance is charged

19 HBEN | High Byte Enable Input. Used to multi- through an internal 1k} protection resistor in series
plex the internal 12-bit conversion with the input.
;eDST,L_JgU}g;UHgENIgggrdig;i‘fés 23;&:&? To an input signal, AIN appears as a capacitor switch-
sion starts when HIGH ing between analog ground and the input signal.
0 "0 FlIEAD Irns A eTh' tive low input Between conversions (BUSY high and RD or CS or
s B o verson whan 8 HBEN high) the capacitor is connected to AIN. When
iqg:z; g alsoe D the a conversion starts, the capacitor disconnects from
X tgre aw hen 5 F‘;”a o3 AIN, thus sampling the input, and is internally dis-
29 cs ;%: p%HIrF"VgEL‘EC? | :3 9 . charged. At the end of the conversian it reconnects to
¥ eth ADG ¢ npu .musﬁﬁea p the input and charges to the input signal. The loading
Hcl)éENeinpuls © recognize " effect of AIN on the analog signal is such that a high
: ‘ A speed input buffer is usually NOT needed. This is
22 BUSY I:riiggis;“?;:g;:e‘:slow when a con because the A/D disconnects from the input during
23 Vas Negative Supply, -15V ar 12V the actual conversion.
24 Voo Pasitive Supply, +5V
5¢
0
BN o DEN
3k CL

I
.

4. High-Z to Vo ity and Voo to Von ts

—  OGND

I

— DEND

b oFhigh-Zto Voo (3 and Vo to Vo (ta?

Figure 1. Load Circuits for Access Time

O8N ©

k0 10pF

I

= DGNO

P !

a Vo to High-

Ik
O8N

10pF

— DGND
b. Vo to High-2

figure 2. Load Circuits for Bus Rebnquish Time
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MAX163/164/167

CMOS 12-Bit A/D Converters
With Track-and-Hold

—

ANALOG —\_J |
perir——; T
Vrer ﬂﬁJuT\JPUT O—ﬁ'__|m : o Vher Vss [a——o0 -15v
i u 4 - STATUS
o—F T ABND BUSY [0
———T{alm 3 P
oo Al FE——o } CONTROL
(1] HBEN E——o INPUTS
08 CLK ouT SEE
07 CLKN -=-xm QNUTES
D6 00/8
05 0/ [=
04 02/10 [
DEND 03411 [ .
WA vl
A s N MAX163
MAX 164
*— P DATA BUS Q MAX167

NUTES

TAL - 1.5MHz CRYSTAL/CERAMIC RESONATOR
CI AND C2 CAPACITANGE VALUES DEPEND ON CRYSTAL/CERAMIC
RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM O T0 100pF

Figure 3. MAX163/164/167 Operational Diagram

The track-and-hold enters its “tracking”_mgde when
the ADC is deselected (CS high) and BUSY is high.
“Hold” mode starts approximately 25ns after a con-
version is initiated. The variation in this delay from
one conversion to the next (aperture jitter) is less
than 50ps. Figures 9 through 12 detail the track-and-
hold and interface timing for the various interface
modes. The internal track-and-hold contral logic is
shown in Figure 5.

The time required for the track-and-hold to acquire
an input signal is a function of how quickly the input
capacitance is charged. If the input signal’s source
impedance is high, the acquisition time lengthens and
more time must be allowed between conversions.
Acquisition time is calculated by:

tacg - 10{Rg + Riy)20pF (but never less than 1us)

Where Ry - 1k, and Rg ~ source impedance of the
ADC's input signal.

ChoLp _
&0
AIN 5pF COMPARATOR <
RD HIGH = HOLD
CraCKAGE CEWITCHS 5kEY HBEN LOW = TRACK
5pF 10pF
I BUSY
| !
L : i _|

Figure 4. Equivalent Input Circuit
]

Input Bandwidih

The A/D's input tracking circuitry has excellent large
signal and wide bandwidth behavior. It is not slew
limited like many other ADC track-and-holds. Remark-
ably, the MAX163/164/167 track-and-hold's full power
handwith is typically 6MHz. This makes it possible to
digitize high speed transient events and to measure
periodic signals whose bandwidth exceeds the ADC's
sample rate (>>100kHz) by using under sampling
technigues. It is important to note here that if under
sampling is used to measure high frequency signals,
special care must be taken 1o avoid aliasing errors.
Without adequate input filtering, high frequency noise
may be aliased into the measurement band.

Input Protection

Internal protection diodes, which clamp the analog
input to Vpp and Vgep, work with an internal series
resistance to allow over drives of up to 115V at AIN

Figure 5. Track-Hold Internal Control Logic
__ V1A 2L




CMOS 12-Bit A/D Converters

with no risk of damage to the A/D. However, for
accurate conversions near full scale (MAX163 and
MAX164 only), AIN should not exceed Vg, because
A/Dr accuracy is affected while the protection diodes
are even slightly turned on.

Starting a Conversion

The ADC is controlled by the CS, RD and HBEN
inputs. The track-and-hold enters Hold Mode and a
conversion starts at the falling edge of CS and RD
while HBEN is low. The BUSY output goes low as
soon as the conversion starts. On the falling edge of
the 13th input clock pulse after the canversion starts,
BUSY goes high and the conversion result is latched
into three-state output buffers.

internal/External Clock

Figure 6 shows the MAX163/164/167 clock circuitry.
The capacitive load on the CLK OUT pin must be
minimized to aveid digital coupling of the CLK QUT
buffer currents to the ADC’s analog comparator. If an
external clock source drives CLK [N, then CLK OUT
should be left open. Acceptable external clock duty
cycles are between 20% and 80%, so a precise square
wave is not required. If the internal oscillator is used,
a crystal or ceramic resonator is connected between
CLK DUT and CLK IN as shown in Figure 6.

I

MAX163
1 CLK OUT
. MAX 164
= m MAX167
3 it = GLOCK
- N MO

NOTES:

ATAL = 15MHz CRYSTAL/CERAMIG RESONATOR

€1 AND C2 CAPACITANCE YALUES DEPEND ON CRYSTAL/CERAMIC
RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM 0 T 100pF

1

Figure 6. Intarnal Clock Circuit

internal Reference

The MAX163/164/167 have a -5.00V buried zener refer-
ence whigh biases the internal DAC. The reference
output is available at Vger {Pin 2) and should be
bypassed to AGND (Pin 3) with a 47uF tantalum
capacitor in parallel with a 0.1uF ceramic capacitor.
This minimizes noise and maintains a low impedance
at high frequencies. A resistor should NOT be con-
nected between the bypass capacitors and Pin 2. The
internal reference output buffer can sink up to SmA.

Digital Interface
Clock and Control Synchronization

For best analog performance, the MAX163/164/167
clock should be synchronized to the RD and CS
control inputs as shown in Figure 7, with at least

WV A1 KL 2V

With Track-and-Hold

100ns separating convert start from the nearest clock
edge. This ensures that transitions at CLK IN and
CLK OUT do not couple 1o the analog input and get
sampled by the track-and-hold. The magnitude of this
feedthrough is_only a few millivolts, but if CLK and
convert start (CS and RD) are asynchronous. fre-
quency components caused by mixing of the clock
and convert signals may increase the apparent input
noise.

When the clock and convert signals are synchronized,
small endpoint errors {offset and full scale) are the
most that can he generated by clock feedthrough.
Even these errors (which can be trimmed out) can be
eliminated by ensuring that the start of a conversian
{RD and CS falling edge) does not accur within 100ns
of a clock transition, as in Figure 7. Nevertheless,
even without observing this guideline, the MAX163/
164/167 are still compatible with either the MAX162/172
or the MX 7572 synchronization modes, with no in-
crease in linearity error. This means that either the
falling or rising edge of CLK IN may be near RD’s
falling edge.

Output Data Format

The 12 data bits can be qutput either in full parallel or
as two B-bit bytes. The data bus output format is
shown in Table 1. To obtain paraliel output for 16-bit
processors, HBEN is permanently tied low. The output
data, DB11-DBD, is then right justitied, i.e., DBG, the
LSB, is the right most bit in the 18-bit word.

For a two byte read, outputs D7 through DO/8 are
used. Byte selection is controlled by HBEN which
multiplexes 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 at
DBQ-DB3 with the leading 4 bits low in locations
D4-D7. Note that the 4 MSBs always appear at D11-D8
whenever the outputs are enabled, regardless of the
state of HBEN.

Timing And Controf

Conversion start and data read operations are con-
trolled by three digital inputs, HBEN, CS and RD.
Figure 8 shows the logic equivalent for the conversion
and data output control circuitry. A logic low s
required on all three inputs to start a conversion and
once the conversion is in progress, it cannot be
re-started. BUSY remains low during the entire con-
version cycle.

Two modes of operation are outlined in the timing
diagrams of Figures 9-12. Slow Memory Mode is
intended for processors that can be forced into a
WAIT state during the ADC's conversion time. ROM
Mode is for processors that cannot be forced into a
wait state. In both modes, a processor READ opera-
tion to the ADC address starts the conversion. In the
ROM mode, a second READ operation accesses the
conversion result.

LOL/POL/EOIXVIN



MAX163/164/167

CMOS 12-Bit A/D Converters
With Track-and-Hold

wo - N/ [/ [/ [ [/

—| b j—

e - lcony
BUSY

CLK IN
= 10005* -— ﬁ
[e—tyy —= |
ogN 0B1g D81 D80
IMSB) (LSB]

UNCERTAIN CONVERSION TIME
FOR 3005 =< 1)y < 18003

* THE MAX163/164/167 15 ALSO CUMPATIBLE WITH THE MAX162/172
AND MX7572 SYNCHRONIZATION MODES. SEE “DIGITAL INTERFACE™ TEXT.

Figure 7 RD and CLK IN for Synchronous Operalion

Table 1. Data Bus QOutput, C5 & RD = LOW

Pin 4 [ Pin 5 Pin 6 Pin 7 Pin B Pin 9 Pin 10 | Pin 11 | Pin 137 Pin 14 | Pin 15 | Pin 156
MNEMONIC® D117 i D10 D9 D& D7 D6 Da D4 Dé/‘l'li o211 D]/Si D0/8

HBEN = LOW | DB DB1C DB9 DB DB7 DB6 GBS oB4 DB3 DB2 DB1 DBO
HBEN = HIGH | DB11 DE10 [o]51:] DB3 LOW LOwW LOW LOW DB11 DB10 CEg DBB

Nole: 'dM ... D0/8 are the ADG data output pins,
DB11 ... DBO are the 12-bit conversion results, DB11 is the MSB.

AAKLPL SV

MAX163
i MAX164
- MAX167 !

=
m
=

CONVERSION START
[RISING ENGE TRIGGER|

=

21Es FLIP
— FLOP

20} R0
CLEAR

EW—T

ACTIVE HIGK _  pyABLE THREE STATE DUTFUTS
00 .. 00/8 = OB ... DB
ACTWE HIGH __ ENABLE THREE-STATE DUTPUTS
D1l 08 = DBIT . .. DBA
07 ... 04 = LOW
03711 ... 0076 = DB .. DBA

*NOTE: D11 .. . D0/8 ARE THE ADC DATA QUTPUT PINS.
DB11 ... DBO ARE THE 12-BIT CONVERSION RESULTS.

Figure 8. Logic Equivalent for RO, C8 and HBEN Inputs
8 : _. VI XKL v




CMOS 12-Bit A/D Converters

Slow Mamory Mode,
Parallei Read (HBEN = LOW)

See Figure 9 and Table 2, Taking CS and RD low
starts the conversion. BUSY remains low while the
conversion is in progress. The PREVIOUS (old) result
appears at the digital outputs until the end of the
conversion when BUSY returns high. The output
laiches are then updated with the newest result on
D11-D0/8.

Slow Memory Mode, Two Byte Read

See Figure 10 and Table 3. Outputs D7-D0/8 are used
for a two byte read. The start and read operations for
the 8 LSBs are identical to the Slow Memory Mode,
Parallel Read. A second read operation with HBEN
high places the 4 MSBs, with 4 leading zeros, on data
outputs B7-D0/8. This second read operation does
not start anather conversion since HBEN is high.

ROM Mode, Paraliel Read (HBEN = LOW)

See Figure 11 and Table 4. ROM Mode avaoids using
processor wait states. A conversion starts with a read
operation and the 12 data bits from the PREVIQUS
conversion appear at 011-D0/B. The data from the
first read in a sequence is often disregarded when
this interface mode is used. A second read accesses
the results of the first conversion and also starts a
new conversion. The time between successive READs
must be longer than the MAX163/164/167 conversion
times.

With Track-and-Hold

ROM Mode, Two Byte Read

See Figure 12 and Table 5. As in the Slow Memory
Mode, only D7-D0/8 are used for two byle reads. A
conversion starts with a read operation with HBEN
low. At this point the data outputs ¢ontain the 8 L5Bs
from the PREVIQUS conversion. Two more read
operations are needed to access the conversion
result. The first occurs with HBEN high, where the 4
MSBs with 4 leading zeros are accessed. The second
read, with HBEN law, outputs the 8 L3Bs and also
starts a new conversion.

Application Hints
Initialization After Power Up

In some applications it may be desirable to remove
power from the ADC during periods of inactivity. This
is increasingly common in battery powered systems.
To initialize the MAX163/164/167 at power up, perform
a read operation with HBEN low and ignore the data
outputs.

Digital Bus Noise

If the data bus connected to the ADC is active during
a conversion, errors ¢an be caused by coupling from
the data pins to the ADC comparator. Using the Slow
Memory Mode avoids this problem by placing the
processor in a wait state during the conversion. In the
ROM Mode, if the data bus is going to be active
during the conversion, the bus should be isotated
from the ADGC using three-state drivers.

s ‘T
—=| ] |- 4>‘ g |-a— — [ [
o\ 7 j}&
—al by |—— Ny - - ] —— =
Busy \
— .1 —w| fp |w— —| {7 |-
DATA 7 OLD DATA NEW DATA "} ]
3 0B11-D80 0B11-0B0 \
HOLD - — — - | —
TRACK |
R

Figure 9 Slow Memaory Mode, Farallel Read Timing Diagram

Table 2. Slow Memory Mode, Parallel Read Data Bus Status

Dala Outputs "ot1 |pw | oo [ pe | b7 | D6 | D5 | Da [D3/11|p2110| D19 | DOvs
Read Ipa11 | pe1e| pBo | DBe | DB7 | DB | DBS | DB4 | DB3 | 0B2 | DB1 | DBC
MKV

LOL/VOL/EOIXVIN



MAX163/164/167

CMOS 12-Bit A/D Converters
With Track-and-Hold

" —E - N—

|
] |- —b—tgi-ﬂ— —h—‘ ty |e— g —| 15

] ~ £
/

e trnwny | - g —————™
BUSY -

—=| I3 [ —l 15 |<— — | 17 |e—

OLD DATA NEW DATA
DATR _i 087-D80 >qt 087-0BD J{F
HOLD — — — —[-- l_
TRACK
— ‘4—!12 liz —| |<—

Figure 10. Stow Memory Mode, Two Byte Read Timing Diagram
Table 3. Slow Memory Mode, Two Byle Read Data Bus Status

| Data Outputs D7 D6 D5 D4 D311 | D20 pvs | Do
First Aead DBY DB6 DBS DB4 DB3 pB2 DB1 DBo
Second Read Low LOW Low | Low | DB DB10 DBY | DBB

i \ Y/ N 4
11—
= I e loowy »- — iy | toony |
P _J\ / _5‘\ 71('
‘ /|
Iz —=| (— - ==l i p=— — i3 -— —| |7 [-—

0LD DATA K NEW DATAR *E
DaTa ORI1-0BD r 3{: DBI11-DBO 7
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Figure 11. ROM Mode. Paralle! Read Tinung Diagram
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CMOS 12-Bit A/D Converters
With Track-and-Hold

Table 4. ROM Mode, Parallel Read Data Bus Status

Data Outputs D11 | D0 | D9 | D8 | D7 | D6 | DS | D4 |D3A1|p2/0 | D18 | Dose
First Read (Old Data) DE11 |DB10 | DB9 | DBB | DB7 | DB6 | DBS | D84 | 083 | DBz | oB1 | DBO
| second Fead DBt |DB10 | 0B9 | DR8 | DB7 | DB6 | DB5 | DB4 | D63 | DB2 | DA | pRo |

R

‘q—lg—h- = g

i

T | 1

—l |y |1 —| t5 |- — —.—1 ty |——tg—] g \-— -l ] jee—— g

ik

BUSY

I3 | ~a— ity - 7 [— | 17 | — e 13| e—  —| |7 |—
—_— J LD DATA } J NEW DATA NEW DATA 5
TiaTh 0B7-DBO +_DB11-0B8 _< DE7-DBO0

HOLD — — — —
TRACK
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Frgure 12. ROM Mode, Two Byte Read Timing Diagram

Table 5. ROM Mode, Two Byte Read Data Bus Status

Data Outputs D7 D6 D5 D4 D31 | D240 | D9 Do/s |
First Read (Old Data) DB7 DB6 nBS DE4 De3 DB2 DB1 B0
| Second Read LOw LOw LOW Low DB 11 DB10 DE9 DB8
Third Read DB7 DE6 DB5 DE4 DBE3 DB DB DEO

In ROM Mode, considerable digital noise is generated

in the ADC when RD ar CS go high and the output Layout, Grounding, Bypassing

data drivers are disabled after a conversion is started.
This noise can affect the ADC comparator and cause
large errors if it coincides with the time the SAR is
latching a comparator decision. To avoid this problem,
RD and CS should be active_for less than one clock
cycle. If this is not possible, RD or CS must go high
at a rising edge of CLK IN, since the comparator
output is always latched at falling edges of CLK IN.

AKXV

For best system performance printed circuit boards
should be used. Wire wrap boards are not recom-
mended. The layout of the board should ensure that
digital and analog signal lines are kept separated
from each other as much as possible. Care should be
taken not to run analog and digital (especially clock)
lines parallel to one another or digital lines under-
neath the ADC package.

"
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MAX163/164/167

CMOS 12-Bit A/D Converters

With Track-and-Hold

Figure 13 shows the recommended system ground
connections. A single point analeg STAR ground
should be established at Pin 3 (AGND) separate from
the logic ground. All other analog grounds and Pin 12
(DGND) should be connected to this STAR ground
and no other digital system grounds should be con-
nected here. The ground return to the power supply
from this STAR ground should be low impedance and
as short as possible for ncise-free operation.

The high speed comparator in the ADC is sensitive 1o
high frequency noise in the Vp, and Vgg power sup-
plies. These supplies should be bypassed to the ana-
log STAR ground with 0.1F and 10xF bypass capaci-
tors. Capacitor leads should have minimum length for
best supply noise rejection. If the +8Y power supply is
very noisy, a small {(4.703-20Q2) resistor can be con-
nected as shown in Figure 13 to fitter this noise.

ANALOG DIGITAL
SUPPLY SUPPLY
+19%  GND  -I5V +5V COMMON
]
L
b4 \
+ + +
= - it
H b - H
ARND -15Y  +5U DOGHO +aY  OGND
MAX163 IGITAL
MAXI64 MAX167| | GHRCUITRY

QUTRUT FULL SCALE
CODE TRANSTION
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... 10
n.oom
|
| e
’
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00...0M0
0o, .. 001
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AIN. INPUT VOLTAGE (IN TERMS OF LSB'S)

Figurc 4. MAX163 Unipoiar Transfer Function

Figure 13. Power Supply Grounding Prachice

Gain and Offset Adjustment

The plot in Figure 14 graphs the nominal unipolar
input/output transfer function of the MAX163. Code
transitions occur half way between successive integer
LSB wvalues. Output cading is natural binary with
1 LSB =1.22mV (5v/40946). Figure 15 shows the bipolar
input transfer function for the MAX164/167, where
output coding is offset binary.

in applications where gain (full scale range) adjust-
ment is required, the connection shown in Figure 16
pravides +0.5%, or £20 L3Bs, of adjustment range. 1
both offset and full scale range need adjustment, the
circuit in Figure 17 is recommended. Ofiset should be
adjusted betare gain. For the MAX163 {0V to +5V input
range}, apply +1/2 LSB (0.81mV) to the analog input
and adjust R12 so the digital cutput ¢code changes
between 0000 0000 Q000 and 000G GOOO 0001, To
adjust full scale, apply FS - 1-1/2 LSB (4.99817V) and
adjust R8 until the output code changes between 1111
1111 1110 and 1111 1111 1111. There may be slight
interaction between adjustments. If an input gain of
two is acceptable, the connection in Figure 17 can be
simplified by removing RS and RE.

12 .

L X
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Frgure 15. MAX164/167 Bipolar Transfer Function

To adjust bipolar offset (MAX164 +5V, MAX167 +2.5V),
apply +1/2 LSB (1.22mV for MAX164, 0.681mV for
MAX167) to the analog input and adjust R12 for out-
put code flicker between 1000 0000 0000 and 1000
0000 D001. For full scale, apply FS - 1-1/2 LSB
(+4.99634V for the MAX164, 2.49817V for the MAX167)
to the input and adjust R8 so the output code flickers
between 1111 1111 1110 and 1111 1111 1111. There may
be some interaction between these adjustments.
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CMOS 12-Bit A/D Converters

Figure 16. Trim Circuit tor Gain Only 1 10.5%)

Dynamic Performance

High speed sampling capability and 100kHz through-
put make the MAX163/164/167 ideal for wideband
signal processing. To support these and other related
applications, FFT (Fast Fourier Transform) test tech-
niques are used to guarantee the A/D’'s dynamic
frequency response, distortion, and noise at the rated
throughput. Specifically, this involves applying a low
distortion sinewave to the ADC input and recording
the digital conversion results for a specified time. The
data is then analyzed using an FFT algorithm which
determings its spectral content. Conversion errors are
then seen as spectral elements outside of the funda-
mental input frequency.

A-to-D converters have traditionally been evaluated
by specifications such as Zero and Full Scale Error,
Integral Non-linearity (INL), and Differential Non-
linearity (DNL}. Such parameters are widely accepted
for specitying perfarmance with DC and slowly vary-
ing signals but are less useful in signal processing
applications where the A/D's impact on the system
transter function is the main concern. The significance
of various DC errors does not translate well to the
dynamic case, so different tests are required.

RS 10kQ

Vin
T0
AIN

+5v
OFFSET
R12
10k R11 R10

VREF 49.9k0 1000 =
-5V}

Figure 17. Offset (£20mVy} and Gain (+0.5%) Trim Cirouit
W/ 4V, 4

With Track-and-Hold

Signal-to-Noise Ratio
and Effective Number of Bits

The ratic between the RMS amplitude of the funda-
mental input frequency to the RMS amplitude of all
other A/D output signals is the Signal-to-Noise Ratio
(8NR). The cutput band is limited to frequencies
above DC and below one half the A/D sample (con-
version) rate. This usually {but not always) includes
distortion as well as noise components. For this
reason the ratio is sometimes referred to as "Signal-
to-MNoise + Distartion”.

The theoretical minimum A/D noise is caused by
guantization error and is a direct result of the A/D's
resolution: SNR = (6.02N + 1.76)dB, where N is the
number of bits of resolution. A perfect 12-bit A/D c¢an,
therefore, do no better than 74dB. Figure 18 shows
the result of sampling a pure 10kHz sinusocid at a
100kHz rate with the MAX167. An FFT plot of the output
shows the output level in various spectral bands.
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Figure 18. FFT Flot for the MAX167

By transposing the equation which canverts resolu-
tion to SNR, we can, from the measured SNR, deter-
mine the effective resoiution or the “Effective Numher
of Bits” that the A/D provides: N = [SNR - 1.76)/6.02.
Figure 19 shows the effective number of bits as a
function of the input frequency for the MAX167

Total Harmonic Distortion

The ratio of the RMS sum of all harmonics of the input
signal {in the frequency band above DC and below
one half the sample rate} to the fundamental itself is
Total Harmonic Distortion (THD). This is expressed
as:

THD - 20Log[v/ (Va2 + Vg2 = V2« Vg2 = + Vi, |
where V, is the fundamental RMS amplitude and V;
to Vy are the amplitudes of the 2nd through
Nth harmonics.

13
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MAX163/164/167

CMOS 12-Bit A/D Converters

With Track-and-Hold

EFFECTIVE BITS

10 100 ™ oM

INPUT FREQUENCY (Hz)

Frgure 18. MAX167 Effective Bits vs. Input Frequency

Peak Harmonic or Spurious Noise

The ratio of the fundamental RMS amplitude to the
amplitude of the next largest spectral component (in
the frequency band above DC and below one hali the
sample rate) is referred to as the Peak Harmonic (or
Spurious) Noise. Usually this peak occurs at some
harmonic of the input frequency, but if the ADC is
exceptionally linear, it may occur only at a random
peak in the ADC's noise floor.

Chip Topography

DN
D10
D423 ;
(3124mm) D9 "EE

o0}
D7

4

___Ordering Information (continued)

PART TEMP. RANGE PACKAGE"  ERROR |
MAXIGTBENG  -40°C lo '85°C Plastic DIP_ +1LSB
MAXI6TCENG _ -40°C 1o +85°C Plastic DIP 1 LSB
MAX167TAMRG  -65°C la +125°C CERDIP - LSB
MAXI67BMRG  56°C to +125°C CERDIP 11 LSE
MAX167CMRG  -55°C to +126°C GERDIF 1 LSB
MAX163BCNG 0°C to +70°C  Plastic DIP 11 LSB

| MAX163CCNG  0°C 1o +70°C Plastic DIP 11 LSB
[MAX163BCWG  0°C 10 +70°C_Wide SO +1 LSB |
MAXIB3COWG  0°C to +70°C_ Wide SO +1LSH |
MAX1G63BEWG -40°C to +85°C  Wide 50 +1 LSB
[MAX163CEWG —40°C to +B5°C_Wide SO +11S58
MAX163CC/D  0°C to +70°C Dice”’ =1LsB
MAX16I3BENG  -40°C to +85°C  Plastic DIP  +11SB
MAXIB3CENG  -40°C to +85°C_Plastic DIP 11 LSB |
MAX163BMAG  -55°C to +125°C GERDIP +1LSB
| MAX163CMRG  -65°C o +126°C GERDIP 11LSB |
MAX164BCNG __ 0°C to +70°C Plastic DIP__ +1 LS8
| MAX164CCNG  0°C fo +70°C Plastic DIP_ i3 LSB
MAXIG4BCWG  0°C to +70°C_ Wide 50 +1 1SR |
MAX1BACCWG  (°C 1o +70°C_ Wide SO *11SB
MAX164BEWG —40°C to 189°C  Wide SO =1 L5B
| MAX1B4CEWG -40°C (o +85°C  Wide SO 1 LSB
[MAX184CC/D 0°C to +70°C_ Dice" 11188 |
MAXIG4BENG  -40°C 10 -85°C _Plastc DIP _ +1 LSB
MAXI64CENG  -40°C lo 185°C_Plastic DIP __+ 1 LSB
MAXIB4BMRG _ 55°C to +125°C_CERDIP +1L5B |
"MAX184CMRG  -56°C to +125°C CERDIP 11LSB |

* Alf devices—24 lpad packages
**Consult factory for dice specliications
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