
General Description 
The MAX163, MAX164, and MAX167 are comple te 
C M O S sampl ing 12-bit analog- to-d ig i ta l converters 
(ADCs) that comb ine an on-ch ip t rack-and-ho ld and 
vol tage reference a long with high convers ion speed 
and low power consumpt ion . A convers ion t ime of 
8.33/us inc ludes sett l ing t ime for the t rack-and-ho ld . 
An internal bur ied zener reference provides low dri f t 
w i th low noise. 

The three A /Ds di f fer only in their analog input range. 
The MAX163 accepts OV to +5V inputs, the MAX164 
accepts -5V to +5V inputs, and the MAX167's input 
range is -2.5V to +2.5V. External componen ts are 
l imited to only decoup l ing capaci tors for the power 
supply and reference voltages. On-ch ip c lock c i rcu i t ry 
can e i ther be dr iven f rom an external c lock source or 
a crystal. 

The MAX163/164/167 e m p l o y a s tandard m i c r o -
processor interface. Three-state data outputs can be 
con f igured for 8- or 12-bit data buses. Data access 
and bus release t iming specs are compat ib le wi th 
most popular microprocessors w i thout resort ing to 
wait states. 

Applications 

JV iyjxi>ki 
CMOS 12-Bit A/D Converters 
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Features 

Digital Signal Processing (DSP) 

Aud io and Telecom Processing 

High Accuracy Process Cont ro l 

H igh Speed Data Acquis i t ion 

Functional Diagram 
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• 12-Bit Resolut ion 

• 8.33/us Convers ion Time 

• Internal Ana log Track-Hold 
• 6MHz Full Power Bandwid th 
• On-Ch ip Voltage Reference 

• H igh Input Resistance (SOOMO) 
+ 100ns Data Access T ime 
+ 180mW (Max) Power Consumpt ion 

• AD7572/MAX162/MAX172 Plug- In Replacement 

• 24 Lead Narrow DIP and SO Packages 

Ordering Information 
PART TEMP. RANGE PACKAGE* ERROR 

MAX167ACNG 0°C to +70° C Plastic DIP ±V, LSB 
MAX167BCNG 0°C to +70° C Plastic DIP ±1 LSB 
MAX167CCNG 0°C to +70° C Plastic DIP + 1 LSB 
MAX167ACWG 0°C to +70° C Wide SO ±V2 LSB 
MAX167BCWG 0°C to +70° C Wide SO ±1 LSB 
MAX167CCWG 0°C to +70° C Wide SO ±1 LSB 
MAX167AEWG -40°C to +85°C Wide SO +</? LSB 
MAX167BEWG -40°C to +85°C Wide SO ±1 LSB 
MAX167CEWG -40° C to +85° C Wide SO + 1 LSB 
MAX167CC/D 0°C to +70° C D i c e " ±1 LSB 
MAX167AENG -40°C to +85°C Plastic DIP ±V2 LSB 

* All devices—24 lead packages 
**Consult factory lor dice specifications 
Ordering information continued on last page. 
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CMOS 12-Bit A/D Converters 
With Track-and-Hold 

ELECTRICAL CHARACTERISTICS (continued) 
(VDD = +5V±5%, Vss = -11.4V to -15.75V, Slow Memory Mode (see text), TA = TMIN to TMAX, FCLK = 1.6MHz unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

REFERENCE 

VREF Output Voltage T a = 25°C -4.98 -5.00 -5.02 V 

VREF Output Tempco 
(Note 6) 

MAX16XB, MAX16XA 
MAX16XC 

25 
45 ppm/°C 

Reference Load Sensitivity AFS/AIREF, 
IREF Load Change: 0 to 5mA 

0.2 1 LSB/mA 

Output Sink Current 5 mA 

LOGIC INPUTS 

Input Low Voltage . V | L CS, RD, HBEN, CLK IN 0.8 V 

Input High Voltage VLH CS, RD, HBEN, CLK IN 2.4 V 

Input Capacitance 
(Note 5) C | N CS, RD, HBEN, CLK IN 10 pF 

Input Current L|N 
. . „ „ , ., CS, RD, HBEN 
VIN = OV to V D D C L K | N 

10 
20 (1A 

LOGIC OUTPUTS 

Output Low Voltage V O L 
D11-D0/8, BUSY, CLK OUT 
ISINK = 1 6 m A 0.4 V 

Output High Voltage V O H 
D11-D0/8, BUSY, CLK OUT 
ISOURCE = 2 0 0 / / A 

4 V 

Three-State 
Leakage Current I I D 1 1 - D 0 / 8 , VOUT = OV t o V D D + 10 UA 

Three-State 
Output Capacitance Co (Note 5) 15 PF 

POWER REQUIREMENTS 

Positive Supply Voltage V D D +5% For Specified Performance 5 V 

Negative Supply Voltage Vss +5% For Specified Performance -12 -15 V 

Positive Supply Rejection FS Change, V s s = -15V or -12V 
VD D = 4.75V to 5.25V ±1/2 LSB 

Negative Supply Rejection 
FS Change, VDD = 5V 
V s s = -14.25V to -15.75V 
V s s = -11.4V to -12.6V 

±1/8 
±1/8 LSB 

Positive Supply Current IDD CS = RD = VDD, AIN = 5V 4 6 M A 

Negative Supply Current Iss CS = RD = VDD , AIN = 5V 7 10 mA 

Power Dissipation VD D = +5V, V s s = -12V 104 150 mW 

Note 1: Typical change over temp is ±1 LSB. 
Note 2: Ideal last code transition = FS - 3/2 LSB, adjusted for offset. 
Note 3: Full Scale Tempco = A F S / A T , where AFS is full scale change from T A = 2 5 ° C to T M I N or TMAX-

Note 4: Vin must not exceed VDD for specified accuracy. 
Note 5: Guaranteed by design, not subject to test. 
Note 6: V R E F Tempco = A V R E F / A T , where A V R E F is reference voltage change from T A = 2 5 ° C to T M I N or TMAX 
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CMOS 12-Bit A/D Converters 
With Track-and-Hold 

ELECTRICAL CHARACTERISTICS (continued) 
(VDD = +5V±5%, Vss = -11.4V to -15.75V, Slow Memory Mode (see text), TA = TMIN to TMAX, FCLK = 1.6MHz unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

REFERENCE 

VREF Output Voltage T a = 25°C -4.98 -5.00 -5.02 V 

VREF Output Tempco 
(Note 6) 

MAX16XB, MAX16XA 
MAX16XC 

25 
45 ppm/°C 

Reference Load Sensitivity AFS/AIREF, 
IREF Load Change: 0 to 5mA 

0.2 1 LSB/mA 

Output Sink Current 5 mA 

LOGIC INPUTS 

Input Low Voltage . V|L CS, RD, HBEN, CLK IN 0.8 V 

Input High Voltage VLH CS, RD, HBEN, CLK IN 2.4 V 

Input Capacitance 
(Note 5) C|N CS, RD, HBEN, CLK IN 10 pF 

Input Current L|N 
. . n w , ., CS, RD, HBEN 
VIN = OV to V D D C L K | N 

10 
20 (i A 

LOGIC OUTPUTS 

Output Low Voltage V O L 
D11-D0/8, BUSY, CLK OUT 
ISINK = 1 . 6 m A 0.4 V 

Output High Voltage V O H 
D11-D0/8, BUSY, CLK OUT 
ISOURCE = 2 0 0 / I A 

4 V 

Three-State 
Leakage Current I I D 1 1 - D 0 / 8 , VOUT = OV t o V D D + 10 UA 

Three-State 
Output Capacitance Co (Note 5) 15 PF 

POWER REQUIREMENTS 

Positive Supply Voltage V D D +5% For Specified Performance 5 V 

Negative Supply Voltage Vss +5% For Specified Performance -12 -15 V 

Positive Supply Rejection FS Change, V s s = -15V or -12V 
VD D = 4.75V to 5.25V ±1/2 LSB 

Negative Supply Rejection 
FS Change, VDD = 5V 
V s s = -14.25V to -15.75V 
V s s = -11.4V to -12.6V 

±1/8 
±1/8 LSB 

Positive Supply Current IDD CS = RD = VDD, AIN = 5V 4 6 mA 

Negative Supply Current Iss CS = RD = VDD , AIN = 5V 7 10 mA 

Power Dissipation VD D = +5V, V s s = -12V 104 150 mW 

Note 1: Typical change over temp is ±1 LSB. 
Note 2: Ideal last code transition = FS - 3/2 LSB, adjusted for offset. 
Note 3: Full Scale Tempco = A F S / A T , where AFS is full scale change from T A = 2 5 ° C to T M I N or TMAX-

Note 4: VIN must not exceed VDD for specified accuracy. 
Note 5: Guaranteed by design, not subject to test. 
Note 6: V R E F Tempco = A V R E F / A T , where A V R E F is reference voltage change from T A = 2 5 ° C to T M I N or T M A X 
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CMOS 12-Bit A/D Converters 
With Track-and-Hold 
TIMING CHARACTERISTICS (See Figures 9-12) 
(VDD = +5V, Vss = -12V or -15V, TA = TMIN to TMAX. Note 7, specifications in bold type are 100% tested, others are guaranteed by 
design, unless otherwise noted). 

PARAMETER 

SYMBOL 
(Figures 

9-12) 
CONDITIONS T a = 25°C 

MIN TYP MAX 
MAX16XXC/E 
MIN MAX 

MAX16XXM 
MIN MAX UNITS 

CS to RD Setup Time ti 0 0 0 ns 

RD to BUSY Delay 
(Note 8) t2 CL = 50pF 80 170 220 260 ns 

Data Access Time 
(Notes 8, 9) t3 CL = 100pF 50 100 130 150 ns 

RD Pulse Width t4 100 130 150 ns 

CS to RD Hold Time t5 0 0 0 ns 

Data Setup Time After 
BUSY (Notes 8, 9) t6 40 80 105 120 ns 

Bus Relinquish Time 
(Notes 8, 10) t? 30 50 65 75 ns 

HBEN to RD Setup Time te 0 0 0 ns 

HBEN to RD Hold Time t9 0 0 0 ns 

Delay Between 
READ Operations tio 200 200 200 ns 

Delay Between 
Conversions t i l 1 1 1 fJS 

Aperture Delay tl2 Jitter < 50ps 25 ns 

CLK to BUSY Delay t-13 80 170 220 260 ns 

Note 7: All input control signals are specified with t, = t( = 5ns (10% to 90% of +5V) and timed from a voltage level of ^1.6V 
Note 8: This specification is 100% production tested. 
Note 9: t3 and t6 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. 
Note 10: t7 is defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 
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Pin Description 

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

A/D Converter Operation 
PIN NAME FUNCTION 

1 A I N Sampl ing Ana log Input, 
MAX163: 0V to +5V Un ipo la r 
MAX164: + 5 V Bipo lar 
MAX167: ±2 .5V Bipo lar 

2 VREF -5.00V Reference Ou tpu t 
3 A G N D Ana log G r o u n d 

4-11 D11-D4 Three-State Data Ou tpu ts 
12 D G N D Digi ta l G r o u n d 

13-16 D3/11-D0/8 Three-State Data Ou tpu ts 
17 CLK IN C lock Input . An ex terna l T T L c o m p a t -

ible c lock may be connec ted , or a 
c rys ta l may be c o n n e c t e d be tween 
CLK IN and CLK O U T 

18 CLK O U T C l o c k Ou tpu t . An inver ted CLK IN 
s ignal appears at th is pin. 

19 H B E N H igh By te Enable Input . Used to mu l t i -
p lex t h e i n te rna l 12-bi t c o n v e r s i o n 
resul t in to the lower o rde r o u t p u t s 
(D7-D0/8). H B E N also d isables conver -
s ion starts when HIGH. 

20 RD R E A D Input . Th i s ac t ive low i npu t 
s ta r ts a c o n v e r s i o n w h e n CS a n d 
H B E N are low. RD also enables the 
ou tpu t dr ivers w h e n CS is low. 

21 CS The CHIP S E L E C T Input must be low 
for the A D C to recogn ize RD and 
H B E N inputs. 

22 BUSY T h e BUSY Ou tpu t is low when a con -
vers ion is in progress. 

23 Vss Negat ive Supply, -15V or -12V 
24 V D D Posit ive Supply, +5V 

The MAX163/164/167 use successive approx imat ion 
and input t rack -and-ho ld c i rcu i t r y to conver t an 
analog signal to a series of 12-bit digi tal ou tput 
codes. The cont ro l logic provides easy interface to 
microprocessors so that most appl icat ions require 
only passive componen ts to per form analog- to-d ig i ta l 
convers ions. No "ho ld " capaci tor is required. Figure 
3 s h o w s the MAX163/164/167 in the i r s imp les t 
operat ional conf igurat ion. 

Analog Input— Track-and-Hold 
In Figure 4, the equivalent input c i rcui t i l lustrates the 
sampl ing archi tecture of the ADC's analog compara-
tor. The comparator 's input capaci tance acts as the 
"ho ld " capac i tor and must be comple te ly charged by 
the input s ignal wi th every A / D convers ion (but NOT 
every c lock cyc le) . T h e capac i tance is cha rged 
th rough an internal 1kO pro tec t ion resistor in series 
wi th the input. 

To an input signal, A IN appears as a capaci tor swi tch-
ing between analog g round and the i n p u t signal. 
Between convers ions (BUSY high and RD or CS or 
HBEN high) the capac i tor is connec ted to AIN. When 
a convers ion starts, the capac i tor d isconnects f rom 
AIN, thus sampl ing the input, and is internal ly dis-
charged. At the end of the convers ion it reconnects to 
the input and charges to the input signal. The loading 
effect of A IN on the analog signal is such that a high 
speed input buf fer is usual ly NOT needed. This is 
because the A / D d isconnects f rom the input dur ing 
the actual conversion. 
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CMOS 12-Bit A/D Converters 
With Track-and-Hold 

n ? DATA BUS 

y n y i x i y H 

MAX163 
MAX164 
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NOTES. 
XTAL = 1.5MHz CRYSTAL/CERAMIC RESONATOR 
CI AND CZ CARACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC 
RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM 0 TO lOOpF. 

Figure 3. MAX163/164/167 Operational Diagram 

The t rack -and-ho ld enters its " t rack ing" mode when 
the A D C is deselected (CS high) and BUSY is high. 
"Ho ld " mode starts approx imate ly 25ns after a con-
version is init iated. The var iat ion in this delay f rom 
one convers ion to the next (aperture j i t ter) is less 
than 50ps. Figures 9 th rough 12 detail the t rack-and-
hold and interface t iming for the var ious interface 
modes. The internal t rack-and-ho ld cont ro l logic is 
shown in Figure 5. 

The t ime required for the t rack-and-ho ld to acqui re 
an input signal is a func t ion of how quick ly the input 
capac i tance is charged. If the input signal 's source 
impedance is high, the acquis i t ion t ime lengthens and 
more t ime must be al lowed between conversions. 
Acquis i t ion t ime is calculated by: 

t A C 0 = 10(RS + R|N)20pF (but never less than 1yus) 

Where R|N = 1kf t , and R s = source impedance of the 
ADC's input signal. 

Input Bandwidth 
The A/D 's input t rack ing c i rcu i t ry has excel lent large 
signal and wide bandwid th behavior. It is not slew 
l imited like many other A D C track-and-holds. Remark-
ably, the MAX163/164/167 t rack-and-ho ld 's ful l power 
bandwi th is typ ica l ly 6MHz. This makes it possible to 
digi t ize high speed transient events and to measure 
per iodic s ignals whose bandwid th exceeds the ADC's 
sample rate (>100kHz) by using under sampl ing 
techniques. It is impor tant to note here that if under 
sampl ing is used to measure h igh f requency signals, 
special care must be taken to avoid al iasing errors. 
Wi thout adequate input f i l ter ing, high f requency noise 
may be aliased into the measurement band. 

Input Protection 
Internal protect ion diodes, wh ich c lamp the analog 
input to V D D and VR E F , work w i th an internal series 
resistance to a l low over drives of up to +15V at A IN 

Figure 4. Equivalent Input Circuit 

6 

Figure 5. Track-Hold Internal Control Logic 
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CMOS 12-Bit A/D Converters 
With Track-and-Hold 

wi th no risk of damage to the A/D. However, for 
accurate convers ions near ful l scale (MAX163 and 
MAX164 only) , A IN shou ld not exceed Vpp because 
A / D accuracy is af fected whi le the protect ion d iodes 
are even s l ight ly turned on. 

Starting a Conversion 
The A D C is cont ro l led by the CS, RD and HBEN 
inputs. The t rack-and-ho ld enters Hold Mode and a 
convers ion starts at the fa l l ing edge of CS and RD 
whi le HBEN is low. The BUSY output goes low as 
soon as the convers ion starts. On the fa l l ing edge of 
the 13th input c lock pulse after the convers ion starts, 
BUSY goes h igh and the convers ion result is latched 
into three-state output buffers. 

Internal/External Clock 
Figure 6 shows the MAX 163/164/167 c lock circui try. 
The capaci t ive load on the CLK O U T pin must be 
min imized to avoid digital coup l ing of the CLK O U T 
buffer cur rents to the ADC's analog comparator . If an 
external c lock source drives CLK IN, then CLK O U T 
shou ld be left open. Acceptab le external c lock du ty 
cycles are between 20% and 80%, so a precise square 
wave is not required. If the internal osci l lator is used, 
a crystal or ceramic resonator is connec ted between 
CLK O U T and CLK IN as shown in Figure 6. 

C'll , 18 CLK OUT MAX163 
MAX164 
MAX167 

CLOCK 

11 - L 
n = XTAL 

ii II T 

MAX163 
MAX164 
MAX167 

CLOCK 
1 11 17 CLK 

IN 1 M O 
W v 

MAX163 
MAX164 
MAX167 

CLOCK 

NOTES: 
XTAL = 1.5MHz CRYSTAL/CERAMIC RESONATOR 
CI AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC 
RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM 0 TO lOOpF. 

Figure 6. Internal Clock Circuit 

Internal Reference 
The MAX163/164/167 have a -5.00V bur ied zener refer-
ence w h i j h biases the internal DAC. The reference 
ou tpu t is avai lable at V R E F (Pin 2) and shou ld be 
bypassed to A G N D (Pin 3) wi th a 47/jF tanta lum 
capaci tor in parallel wi th a 0.1/jF ceramic capacitor. 
Th is min imizes noise and mainta ins a low impedance 
at high frequencies. A resistor should NOT be con-
nected between the bypass capaci tors and Pin 2. The 
internal reference output buf fer can sink up to 5mA. 

Digital Interface 
Clock and Control Synchronization 

For best analog per formance, the MAX163/164/167 
c lock should be synchronized to the RD and CS 
cont ro l inputs as shown in Figure 7, wi th at least 

100ns separat ing convert start f rom the nearest c lock 
edge. This ensures that t rans i t ions at CLK IN and 
CLK O U T do not coup le to the analog input and get 
sampled by the t rack-and-hold. The magni tude of this 
feedthrough is_only a few mil l ivolts, but if CLK and 
conver t start (CS and RD) are asynchronous, fre-
quency componen ts caused by mix ing of the c lock 
and conver t s ignals may increase the apparent input 
noise. 

When the c lock and convert signals are synchronized, 
smal l endpo in t errors (offset and full scale) are the 
most that can be generated by c lock feedthrough. 
Even these errors (which can be t r immed out) can be 
e l iminated by ensur ing that the start of a convers ion 
(RD and CS fal l ing edge) does not occur wi th in 100ns 
of a c lock transi t ion, as in Figure 7. Nevertheless, 
even w i thou t observ ing this guidel ine, the MAX163/ 
164/167 are still compat ib le wi th either the MAX162/172 
or t h e M X 7 5 7 2 synchron izat ion modes, wi th no in-
crease in l ineari ty error. Th is means that ei ther the 
fa l l ing or r is ing edge of CLK IN may be near RD's 
fal l ing edge. 

Output Data Format 
The 12 data bits can be output ei ther in ful l parallel or 
as two 8-bi t bytes. The data bus output format is 
shown in Table 1. To obta in paral lel ou tpu t for 16-bit 
processors, HBEN is permanent ly t ied low. The output 
data, DB11-DB0, is then r ight just i f ied, i.e., DB0, the 
LSB, is the r ight most bit in the 16-bit word. 
For a two byte read, outputs D7 th rough DO/8 are 
used. Byte select ion is cont ro l led by HBEN wh ich 
mul t ip lexes 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 
DB0-DB3 wi th the leading 4 bits low in locat ions 
D4-D7. Note that the 4 MSBs always appear at D11-D8 
whenever the ou tpu ts are enabled, regardless of the 
state of HBEN. 

Timing And Control 
Convers ion start and data read operat ions are con -
t ro l led by three digi tal inputs, HBEN, CS and RD. 
Figure 8 shows the logic equivalent for the convers ion 
and data ou tpu t cont ro l c i rcui t ry. A logic low is 
required on all three inputs to start a convers ion and 
once the convers ion is in progress, it canno t be 
re-started. BUSY remains low dur ing the entire con-
version cycle. 

Two modes of operat ion are out l ined in the t iming 
d iagrams of Figures 9-12. Slow Memory Mode is 
in tended for processors that can be forced into a 
WAIT state du r ing the ADC's convers ion t ime. ROM 
Mode is for processors that cannot be forced into a 
wait state. In both modes, a processor READ opera-
t ion to the A D C address starts the convers ion. In the 
ROM mode, a second READ operat ion accesses the 
convers ion result. 

s i / i y j x I S M 7 



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

Slow Memory Mode, 
Parallel Read (HBEN = LOW) 

See Figure 9 and Table 2. Taking CS and RD low 
starts the convers ion. BUSY remains low whi le the 
convers ion is in progress. The PREVIOUS (old) result 
appears at the digi tal ou tpu ts unt i l the end of the 
convers ion when BUSY returns high. The output 
latches are then updated wi th the newest result on 
D11-D0/8. 

Slow Memory Mode, Two Byte Read 
See Figure 10 and Table 3. Ou tpu ts D7-D0/8 are used 
for a two byte read. The start and read operat ions for 
the 8 LSBs are ident ical to the Slow Memory Mode, 
Parallel Read. A second read operat ion wi th HBEN 
high places the 4 MSBs, wi th 4 leading zeros, on data 
ou tpu ts D7-D0/8. This second read operat ion does 
not start another convers ion since HBEN is high. 

ROM Mode, Parallel Read (HBEN = LOW) 

See Figure 11 and Table 4. ROM Mode avoids using 
processor wait states. A convers ion starts w i th a read 
operat ion and the 12 data bits f rom the PREVIOUS 
convers ion appear at D11-D0/8. The data f rom the 
first read in a sequence is of ten disregarded when 
this inter face mode is used. A second read accesses 
the results of the first convers ion and also starts a 
new conversion. The t ime between successive READs 
must be longer than the MAX163/164/167 convers ion 
t imes. 

ROM Mode, Two Byte Read 

See Figure 12 and Table 5. As in the Slow Memory 
Mode, on ly D7-D0/8 are used for two byte reads. A 
convers ion starts w i th a read opera t ion wi th HBEN 
low. At this po in t the data ou tpu ts conta in the 8 LSBs 
f rom the PREVIOUS convers ion. Two more read 
opera t ions are needed to access the convers ion 
result. The first occurs w i th HBEN high, where the 4 
MSBs wi th 4 leading zeros are accessed. The second 
read, w i th HBEN low, ou tpu ts the 8 LSBs and also 
starts a new conversion. 

Application Hints 
Initialization After Power Up 

In some appl icat ions it may be desirable to remove 
power f rom the A D C dur ing per iods of inactivity. Th is 
is increasingly c o m m o n in battery powered systems. 
To init ial ize the MAX163/164/167 at power up, per form 
a read operat ion wi th HBEN low and ignore the data 
outputs. 

Digital Bus Noise 
If the data bus connec ted to the A D C is act ive du r ing 
a convers ion, errors can be caused by coup l ing f rom 
the data pins to the A D C comparator . Us ing the S low 
Memory Mode avoids this prob lem by placing the 
processor in a wait state dur ing the convers ion. In the 
ROM Mode, if the data bus is go ing to be active 
during the conversion, the bus shou ld be isolated 
f rom the A D C using three-state drivers. 
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Figure 9. Slow Memory Mode, Parallel Read Timing Diagram 

Table 2. S low Memory Mode, Parallel Read Data Bus Status 
Data Outputs D11 D10 D9 D8 D7 D6 D5 D4 D3/11 D2/10 D1/9 DO/8 
Read DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
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CMOS 12-Bit A/D Converters 
With Track-and-Hold 

Slow Memory Mode, 
Parallel Read (HBEN = LOW) 

See Figure 9 and Table 2. Taking CS and RD low 
starts the convers ion. BUSY remains low whi le the 
convers ion is in progress. The PREVIOUS (old) result 
appears at the digi tal ou tpu ts unt i l the end of the 
convers ion when BUSY returns high. The output 
latches are then updated wi th the newest result on 
D11-D0/8. 

Slow Memory Mode, Two Byte Read 
See Figure 10 and Table 3. Ou tpu ts D7-D0/8 are used 
for a two byte read. The start and read operat ions for 
the 8 LSBs are ident ical to the Slow Memory Mode, 
Parallel Read. A second read operat ion wi th HBEN 
high places the 4 MSBs, wi th 4 leading zeros, on data 
ou tpu ts D7-D0/8. This second read operat ion does 
not start another convers ion since HBEN is high. 

ROM Mode, Parallel Read (HBEN = LOW) 
See Figure 11 and Table 4. ROM Mode avoids using 
processor wait states. A convers ion starts w i th a read 
operat ion and the 12 data bits f rom the PREVIOUS 
convers ion appear at D11-D0/8. The data f rom the 
first read in a sequence is of ten disregarded when 
this inter face mode is used. A second read accesses 
the results of the first convers ion and also starts a 
new conversion. The t ime between successive READs 
must be longer than the MAX163/164/167 convers ion 
times. 

ROM Mode, Two Byte Read 

See Figure 12 and Table 5. As in the Slow Memory 
Mode, on ly D7-D0/8 are used for two byte reads. A 
convers ion starts w i th a read opera t ion wi th HBEN 
low. At this po in t the data ou tpu ts conta in the 8 LSBs 
f rom the PREVIOUS convers ion. Two more read 
opera t ions are needed to access the convers ion 
result. The first occurs w i th HBEN high, where the 4 
MSBs wi th 4 leading zeros are accessed. The second 
read, w i th H B E N low, ou tpu ts the 8 LSBs and also 
starts a new conversion. 

Application Hints 
Initialization After Power Up 

In some appl icat ions it may be desirable to remove 
power f rom the A D C dur ing per iods of inactivity. This 
is increasingly c o m m o n in battery powered systems. 
To init ial ize the MAX163/164/167 at power up, per form 
a read operat ion wi th HBEN low and ignore the data 
outputs. 

Digital Bus Noise 
If the data bus connec ted to the A D C is act ive du r ing 
a convers ion, errors can be caused by coup l ing f rom 
the data pins to the A D C comparator . Us ing the S low 
Memory Mode avoids this prob lem by placing the 
processor in a wait state dur ing the convers ion. In the 
ROM Mode, if the data bus is go ing to be active 
du r ing the conversion, the bus shou ld be isolated 
f rom the A D C using three-state drivers. 
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Figure 9. Siow Memory Mode, Parallel Read Timing Diagram 

Table 2. S low Memory Mode, Parallel Read Data Bus Status 
Data Outputs D11 D10 D9 D8 D7 D6 D5 D4 D3/11 D2/10 D1/9 DO/8 
Read DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

y k i y j x i y f i s 



CMOS 12-Bit A/D Converters 
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Figure 10. Slow Memory Mode, Two Byte Read Timing Diagram 

T a b l e 3. S l o w M e m o r y M o d e , T w o B y t e R e a d D a t a B u s S t a t u s 

Data Ou tpu ts D7 D6 D5 D4 D3/11 D2/10 D1/9 DO/8 

First Read DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

Second Read LOW LOW LOW LOW DB11 DB10 DB9 DB8 
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Figure 11. ROM Mode, Parallel Read Timing 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 D10 D9 D8 D7 D6 D5 D4 D3/11 D2/10 D1/9 DO/8 
First Read (Old Data) DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

Second Read DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
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Figure 12. ROM Mode, Two Byte Read Timing Diagram 

Table 5. ROM Mode, Two Byte Read Data Bus Status 
Data Outputs D7 D6 D5 D4 D3/11 D2/10 D1/9 DO/8 

First Read (Old Data) DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

Second Read LOW LOW LOW LOW DB11 DB10 DB9 DB8 

T h i r d Read DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

In ROM Mode, considerable digi tal noise is generated 
in the A D C when RD or CS go h igh and the output 
data dr ivers are disabled after a convers ion is started. 
Th is noise can af fect the A D C compara to r and cause 
large errors if it co inc ides wi th the t ime the SAR is 
la tch ing a comparator decision. To avoid this problem, 
RD and CS should be active for less than one c lock 
cycle. If th is is not possible, RD or CS must go h igh 
at a r ising edge of CLK IN, s ince the compara tor 
ou tput is a lways latched at fal l ing edges of CLK IN. 

Layout, Grounding, Bypassing 
For best system per fo rmance pr inted c i rcui t boards 
shou ld be used. Wire wrap boards are not recom-
mended. The layout of the board shou ld ensure that 
d ig i ta l and analog signal l ines are kept separated 
f rom each other as much as possible. Care shou ld be 
taken not to run analog and dig i ta l (especial ly c lock) 
l ines parallel to one another or digi tal l ines under-
neath the A D C package. 
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CMOS 12-Bit A/D Converters 
With Track-and-Hold 

N 
< 0 

< 0 

< 0 

I 

Figure 13 shows the recommended system g round 
connect ions . A single point analog STAR g round 
shou ld be establ ished at Pin 3 (AGND) separate f rom 
the logic ground. All other analog g rounds and Pin 12 
(DGND) shou ld be connected to this STAR g round 
and no other digi tal system grounds should be con-
nected here. The ground return to the power supply 
f rom this STAR ground should be low impedance and 
as short as possible for noise-free operat ion. 

The high speed compara tor in the A D C is sensit ive to 
h igh f requency noise in the V D D and V s s power sup-
plies. These suppl ies should be bypassed to the ana-
log STAR g round wi th 0.1/jF and 10//F bypass capaci -
tors. Capaci tor leads should have m in imum length for 
best supply noise rejection. If the +5V power supply is 
very noisy, a small (4.70-20Q) resistor can be con-
nected as shown in Figure 13 to fi lter this noise. 

ANALOG 
SUPPLY 

+15V GNO 

DIGITAL 
SUPPLY 

+5V COMMON 

" H h 
H h H h 

AGND - 1 5 V + 5 V DGND 
MAX163 

MAX164 MAX167 

' H H 
H I -

+ 5 V DGND 
DIGITAL 

CIRCUITRY 

Figure 13. Power Supply Grounding Practice 

Gain and Offset Adjustment 
The plot in Figure 14 graphs the nomina l unipolar 
inpu t /ou tpu t transfer func t ion of the MAX163. Code 
t ransi t ions occur half way between successive integer 
LSB values. Outpu t cod ing is natural binary wi th 
1 LSB = 1.22mV (5V/4096). Figure 15 shows the bipolar 
input transfer func t ion for the MAX164/167, where 
output cod ing is offset binary. 
In appl icat ions where gain (full scale range) adjust-
ment is required, the connect ion shown in Figure 16 
provides ±0.5%, or + 2 0 LSBs, of ad jus tment range. If 
both offset and ful l scale range need adjustment, the 
c i rcui t in Figure 17 is recommended. Offset should be 
adjusted before gain. For the MAX163 (OV to +5V input 
range), apply +1/2 LSB (0.61 mV) to the analog input 
and adjust R12 so the digital ou tput code changes 
between 0000 0000 0000 and 0000 0000 0001. To 
adjust ful l scale, apply FS - 1-1/2 LSB (4.99817V) and 
adjust R8 unti l the output code changes between 1111 
1111 1110 and 1111 1111 1111. There may be sl ight 
in teract ion between adjustments. If an input gain of 
two is acceptable, the connec t ion in Figure 17 can be 
s impl i f ied by removing R5 and R6. 

OUTPUT FULL SCALE 
CODE TRANSIT ION 

AIN. INPUT VOLTAGE (IN T E R M S OF LSB S) 

Figure 14. MAX163 Unipolar Transfer Function 

Figure 15. MAX164/167 Bipolar Transfer Function 

To adjust bipolar offset (MAX164 +5V, MAX167 +2.5V), 
apply +1/2 LSB (1.22mV for MAX164, 0.61 mV for 
MAX167) to the analog input and adjust R12 for out -
put code f l icker between 1000 0000 0000 and 1000 
0000 0001. For ful l scale, app ly FS - 1-1/2 LSB 
(+4.99634V for the MAX164, 2.49817V for the MAX167) 
to the input and adjust R8 so the ou tpu t code f l ickers 
between 1111 1111 1110 and 1111 1111 1111. There may 
be some interact ion between these adjustments. 
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Figure 16. Trim Circuit tor Gain Only (±0.5%) 

Dynamic Performance 
High speed sampl ing capabi l i ty and 100kHz th rough-
put make the MAX163/164/167 ideal for w ideband 
signal processing. To suppor t these and other related 
appl icat ions, FFT (Fast Fourier Transform) test tech-
n iques are used to guarantee the A /D 's dynamic 
f requency response, d is tor t ion, and noise at the rated 
th roughput . Specif ical ly, this involves apply ing a low 
d is tor t ion s inewave to the A D C input and record ing 
the digi tal convers ion results for a speci f ied t ime. The 
data is then analyzed using an FFT a lgor i thm wh ich 
determines its spectral content . Convers ion errors are 
then seen as spectra l e lements outs ide of the funda-
mental input f requency. 

A- to -D converters have t radi t ional ly been evaluated 
by speci f icat ions such as Zero and Full Scale Error, 
Integral Non- l inear i ty ( INL), and Dif ferent ial Non-
l ineari ty (DNL). Such parameters are wide ly accepted 
for spec i fy ing per formance wi th DC and s lowly vary-
ing s ignals but are less useful in s ignal p rocess ing 
appl icat ions where the A /D 's impact on the system 
transfer funct ion is the main concern. The s igni f icance 
of var ious DC errors does not t ranslate wel l to the 
dynamic case, so di f ferent tests are required. 

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

Signal-to-Noise Ratio 
and Effective Number of Bits 

The rat io between the RMS ampl i tude of the funda-
mental input f requency to the RMS ampl i tude of all 
other A / D ou tpu t signals is the S ignal - to-Noise Ratio 
(SNR). The ou tpu t band is l imited to f requencies 
above DC and below one half the A / D sample (con-
version) rate. This usual ly (but not a lways) inc ludes 
d is tor t ion as wel l as noise components . For this 
reason the ratio is somet imes referred to as "Signal-
to-Noise + Distort ion". 

The theoret ical m in imum A / D noise is caused by 
quant izat ion error and is a direct result of the A /D 's 
resolut ion: SNR = (6.02N + 1.76)dB, where N is the 
number of bits of resolut ion. A perfect 12-bit A / D can, 
therefore, do no better than 74dB. Figure 18 shows 
the result of sampl ing a pure 10kHz s inuso id at a 
100kHz rate wi th the MAX167. An FFT plot of the output 
shows the output level in var ious spectral bands. 
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Figure 18. FFT Plot for the MAX167 

Figure 17. Offset (±20mV) and Gain (±0.5%) Trim Circuit 

By t ranspos ing the equat ion wh ich converts resolu-
t ion to SNR, we can, f rom the measured SNR, deter-
mine the effect ive resolut ion or the "Effect ive Number 
of Bits" that the A / D provides: N = (SNR - 1.76)/6.02. 
F igure 19 shows the ef fect ive number of bits as a 
func t ion of the input f requency for the MAX167. 

Total Harmonic Distortion 
The ratio of the RMS sum of all harmonics of the input 
signal (in the f requency band above DC and below 
one half the sample rate) to the fundamenta l itself is 
Total Harmon ic Dis tor t ion (THD). This is expressed 
as: 

T H D = 2 0 L o g [ \ / (V22 + V 3 2 + V4? + V42 + ... + V ^ A / J 

where V! is the fundamenta l RMS ampl i tude and V2 
to V N a re t he a m p l i t u d e s of t he 2nd t h r o u g h 
Nth harmonics. 
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Figure 19. MAX167 Effective Bits vs. Input Frequency 

Peak Harmonic or Spurious Noise 
T h e ra t io of t h e f u n d a m e n t a l R M S a m p l i t u d e t o t h e 
a m p l i t u d e of t h e nex t l a rges t s p e c t r a l c o m p o n e n t ( in 
t h e f r e q u e n c y b a n d a b o v e D C a n d b e l o w o n e hal f t h e 
s a m p l e ra te) is r e fe r red t o as t h e Peak H a r m o n i c (or 
S p u r i o u s ) No i se . U s u a l l y t h i s peak o c c u r s at s o m e 
h a r m o n i c of t h e i n p u t f r e q u e n c y , b u t if t h e A D C is 
e x c e p t i o n a l l y l inear, it m a y o c c u r o n l y at a r a n d o m 
peak in t h e A D C ' s no ise f loor . 

Chip Topography 

Ordering Information (continued) 
PART TEMP. RANGE PACKAGE* ERROR 

MAX167BENG -40°C to +85°C Plastic DIP + 1 LSB 
MAX167CENG -40° C to +85° C Plastic DIP ±1 LSB 
MAX167AMRG -55° C to +125°C CERDIP ±'/2 LSB 
MAX167BMRG -55°C to +125°C CERDIP ±1 LSB 
MAX167CMRG -55°C to +125°C CERDIP ±1 LSB 
MAX163BCNG 0°C to +70°C Plastic DIP + 1 LSB 
MAX163CCNG 0°C to +70°C Plastic DIP ±1 LSB 
MAX163BCWG 0°C to +70° C Wide SO + 1 LSB 
MAX163CCWG 0°C to +70° C Wide SO + 1 LSB 
MAX163BEWG -40°C to +85°C Wide SO + 1 LSB 
MAX163CEWG -40°C to +85°C Wide SO + 1 LSB 
MAX163CC/D 0°C to +70° C Dice** + 1 LSB 
MAX163BENG -40°C to +85°C Plastic DIP + 1 LSB 
MAX163CENG -40°C to +85°C Plastic DIP + 1 LSB 
MAX163BMRG -55°C to +125°C CERDIP + 1 LSB 
MAX163CMRG -55°C to +125°C CERDIP + 1 LSB 
MAX164BCNG 0°C to +70° C Plastic DIP + 1 LSB 
MAX164CCNG 0°C to +70° C Plastic DIP + 1 LSB 
MAX164BCWG 0°C to +70°C Wide SO ±1 LSB 
MAX164CCWG 0°C to +70° C Wide SO + 1 LSB 
MAX164BEWG -40° C to +85° C Wide SO + 1 LSB 
MAX164CEWG -40° C to +85° C Wide SO 4 1 LSB 
MAX164CC/D 0°C to +70°C Dice** + 1 LSB 
MAX164BENG -40°C to +85°C Plastic DIP +1 LSB 
MAX164CENG -40°C to +85°C Plastic DIP + 1 LSB 
MAX164BMRG -55°C to +125°C CERDIP + 1 LSB 
MAX164CMRG -55°C to +125°C CERDIP 41 LSB 

' Alt devices—24 lead packages 
"Consult factory lor dice specifications 
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