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/ l / l / J X I / l / l 

CMOS \iP-Compatible, 5|is, 
8-Bit ADCs 

General Description 
T h e M A X 1 6 5 / M A X 1 6 6 a r e h i g h - s p e e d (5ns ) 
m i c r o p r o c e s s o r (JJP)- c o m p a t i b l e , 8 - b i t A D C s w i t h 
t rack /ho ld (T/H). The T/H func t ion a l lows fu l l -sca le sig-
nals u p to 5 0 k H z (386mV/|^s s lew rate) to be a c q u i r e d 
a n d d ig i t i zed accura te ly . Both A D C s use a s u c c e s s i v e 
a p p r o x i m a t i o n t e c h n i q u e to ach ieve fast conve rs i ons a n d 
low p o w e r d iss ipat ion . The M A X 1 6 5 / M A X 1 6 6 ope ra te 
wi th a +5V s u p p l y a n d an internal or ex terna l +1 .23V 
re fe rence, a n d a c c e p t s i n g l e - e n d e d (MAX165 ) or dif-
ferent ia l (MAX166 ) vo l t ages rang ing f rom 0V to 2VREF. 

The MAX165 /MAX166 are easily in ter faced to all popu lar 
8-bi t nPs th rough s tandard CS and RD control signals. These 
signals control the start of conversions a n d data access. A 
BUSY signal indicates the beginn ing and end of conversions. 
Since all the data outputs are latched and three-state buf-
fered, the MAX 165/MAX 166 can be directly t ied to a ^ P data 
bus or system input/output port. 

The M A X 1 6 5 is a p lug- in r e p l a c e m e n t for the MX7575 , 
w i th the add i t i on of an internal 1.23V re ference. For 
app l i ca t i ons that requ i re a d i f ferent ia l ana log input a n d 
an internal re fe rence, the M A X 1 6 6 is r e c o m m e n d e d . 

Applications 
Dig i ta l -S igna l P r o c e s s i n g 

H i g h - S p e e d Data Acqu i s i t i on 

T e l e c o m m u n i c a t i o n s 

A u d i o Sys tems 

H i g h - S p e e d Servo L o o p s 

Low-Power Data L o g g e r s 

Pin Configurations 

Features 
• 5|JS Conversion Time 
• Built-in Track/Hold 
• +1LSB Max Total Unadjusted Error 
• 50kHz Signal Bandwidth 
• Internal 1.23V Bandgap Reference and Buffer 
• Single +5V Supply Operation 
• 8-Bit |iP Interface 
• 100ns Data-Access Time 
• 15mW Typ Power Consumption 
• Small Footprint Packages 
• Plug-In Upgrade to the MX7575 (MAX165) 

Ordering Information 

PART TEMP. RANGE PIN-PACKAGE ERROR 
(LSB) 

MAX165ACPN 0"C to +10'C 18 Plastic DIP ±1/2 

MAX165BCPN 0"C to +70'C 18 Plastic DIP ±1 

MAX165ACWN 0"C to+70 'C 18 Wide SO ±1/2 
MAX165BCWN 0"C to +70"C 18 Wide SO ±1 

MAX165BC/D 0"C to +70"C Dice* ±1 

MAX165AEPN -40"C to +85 "C 18 Plastic DIP ±1/2 

MAX165BEPN -40"C to +85 C 18 Plastic DIP ±1 

MAX165AEWN -40'C to +85"C 18 Wide SO ±1/2 

MAX165BEWN -40"C to +85'C 18 Wide SO ±1 
MAX165AMJN -55"Cto +125*C 18 CERDIP" ±1/2 
MAX165BMJN -55 'Cto +125"C 18 CERDIP" ±1 

Ordering Information continued on last page. 
* Contact factory for dice specifications 
"Contact factory for avaiiabiiity processing to MIL-STD-883. 

Functional Diagrams 
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CMOS |i P-Compa tible, 5jjs, 
8-Bit ADCs 
ABSOLUTE MAXIMUM RATINGS 
VDD to A G N D -0 .3V .+7V 
VDD to D G N D -0.3V, +7V 
A G N D to DGND -0.3V, VDD +0.3V 
Digital Input Vol tage to D G N D 

( M A X 1 6 5 P i n s 1 , 2 ) - 0 . 3 V , VDD + 0 . 3 V 

(MAX166 Pins 1 , 2 . 4 ) -0.3V. VDD +0.3V 
Digital Output Vol tage to DGND 

( M A X 1 6 5 P i n s 4 , 6 - 8 , 1 0 - 1 4 ) - 0 . 3 V , VDD + 0 . 3 V 

(MAX166 Pins 5, 7-9, 11-15) -0,3V, VDD +0.3V 
CLK Input Vol tage (MAX165 Pin 5) to D G N D -0.3V, VDD +0.3V 
CLK Input Vol tage (MAX166 Pin 6) to DGND . -0.3V, VDD +0.3V 
REFIN, REFOUT to A G N D -0.3V, VDD +0.3V 
MAX165 AIN to A G N D -0.3V, VDD+0.3V 
MAX166 AIN + , AIN- to A G N D -0.3V, VDD +0.3V 

Cont inuous Power Disipation (TA = +70 C) 
18-Pin Plastic DIP (derate 11 11mW/'C aPove + 70 C) 889mW 
18-Pin Wide SO (derate 9.52mW/"C above +70"C) . 762mW 
18-Pin CERDIP (derate 10.53mW/°C above + 7 0 C ) 842mW 
20-Pin Plastic DIP (derate 11.11MW/"C above + 7 0 C ) 889mW 
20-Pin Wide SO (derate 10.00mW/"C above+70 'C ) . . . 800mW 
20-Pin CERDIP (derate 11.11mW/'C above +70 'C) . . . 889mW 

Operat ing Temperature Ranges: 
MAX 16 C 0 ' C t o + 7 0 C 
MAX 16 E -40 C to +85 C 
MAX 16 M -55 C to + 1 2 5 C 

Storage Temperature Range -65' C to +150 C 
Lead Temperature (solder ing, 10sec ) +300 C 

Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specification is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect the device reliability. 

ELECTRICAL CHARACTERISTICS 
(VDD = +5V, REFIN = +1 23V, AGND = DGND = 0V, AIN- = 0V (MAX166), fCLK = 4MHz external, TA = TMIN to TMAX. unless otherwise noted.) 

P A R A M E T E R S Y M B O L CONDIT IONS MIN TYP MAX UNITS 

A C C U R A C Y 

Resolution 8 Bits 

MAX165A ±1 

Total Unadjusted Error TUE 
MAX165B ±2 

LSB Total Unadjusted Error TUE 
MAX166A/C ±1 

LSB 

MAX166B/D ±2 

MAX 165 A ±1/2 

Relative Accuracy 
MAX165B + 1 

LSB Relative Accuracy 
MAX166A/C ±1/2 

LSB 

MAX166B/D ±1 

No-Miss ing-Codes Resolution 8 Bits 

Full-Scale Error ±1 LSB 

Full-Scale T e m p c o ±5 p p m / ' C 

Offset Error (Note 1) ±1/2 LSB 

Offset Tempco ±5 p p m / ' C 

A N A L O G INPUT 

Voltage Range 1LSB = 2VREF/256 0 2VREF V 

Voltage Range A IN+ (MAX166) AIN- V D D L v 

Voltage Range AIN- (MAX166) 0 AIN+ V 

DC Input Impedance 10 M i l 

Slew Rate, Track ing 0.386 V/Ms 

SNR (Note 2) VlN = 2 46Vp-p at 10kHz (Figure 13) 45 dB 

2 y k i x x i v k i 



CMOS |i P-Compa tible, 5jjs, 
8-Bit ADCs 

ELECTRICAL CHARACTERISTICS (continued) 
( V D D = + 5 V , R E F I N = + 1 , 2 3 V . A G N D = D G N D = OV, A I N - = OV ( M A X 1 6 6 ) , fcLK = 4 M H z e x t e r n a l , T A = TMIN t o TMAX, u n l e s s o t h e r w i s e n o t e d . ) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

REFERENCE (Note 2) 

REFIN Range (Note 3) VREF ±5% variation for specif ied performance 1.16 1.23 1.29 V 

REFIN Current REF 500 MA 

REFOUT Voltage REFOUT TA = +25"C 1.18 1 21 1.23 V 

REFOUT Load Regulation TA = +25"C, L|_ = OmA to 1,5mA 3 mV 

REFOUT Supply Sensitivity V D D ±5% ±1.5 mV 
MAX 165AC/AE/BC/BE 4 0 70 

Temperature Drift 
MAX165AM/BM 60 100 

ppm/ 'C Temperature Drift MAX166AC/AE/BC/BE 4 0 70 
ppm/ 'C 

MAX166AM/BM 60 100 

External Capacitive Load 
Requirement 

4.7 nF 

LOGIC INPUTS 

CS, RD, MODE (MAX166) 

nput Low Voltage VlNL 0.8 V 

nput High Voltage VlNH 2.4 V 

Input Current llN 
TA = + 25°C ±1 

mA Input Current llN VIN = uv or V D D 
T A = T M I N t o T M A X ±10 

mA 

Input Capacitance (Note 3) ClN 1 0 pF 

CLOCK 

nput Low Voltage VlNL 0 8 V 

Input High Voltage VlNH 2.4 V 

Input Low Current llNL VIN = OV 
MAX 16 C/E 700 

MA Input Low Current llNL VIN = OV MAX 16 M 800 
MA 

Input High Current V I N = V D D 
MAX 16 C/E 700 

MA Input High Current INH V I N = V D D MAX 16 M 800 
MA 

LOGIC OUTPUTS 
BTJSY, DO t o D 7 

Output Low Voltage V O L ISINK = 1 . 6 m A 0.4 V 

Output High Voltage V O H IsoURCE = 40|aA 4.0 V 

DO to D7 

Floating State Leakage Current 
MAX 16_ _C/E ±1 

M A Floating State Leakage Current VOUT = uv to VDD MAX16_ _M ±10 
M A 

Floating State Output 
Capacitance (Note 3) 

10 PF 

CONVERSION TIME (Note 4) 

With External Clock fcLK = 4MHz 5 MS 

With Internal Clock 
Using recommended clock components 
RCLK = 1 0 0 k Q , C C L K = 1 0 0 p F , 
T A = + 2 5 " C 

5 1 5 MS 

POWER REQUIREMENTS (Note 5) 
Supply Voltage V D D +5% for specified performance 5 V 

Supply Current 
MAX16_ _C/E 3 6 

mA Supply Current DO MAX16_ _M 3 7 
mA 

Power Dissipation 1 5 mW 

Power-Supply Rejection 4.75V < VDD < 5.25V ±1/4 LSB 

VWV1XIVM 3 
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CMOS |i P-Compa tible, 5jjs, 
8-Bit ADCs 
TIMING CHARACTERISTICS (Note 6) 
(VDD = + 5 V , R E F I N = + 1 . 2 3 V , A G N D = D G N D = OV, u n l e s s o t h e r w i s e n o t e d . ) 

PARAMETER 

CS to RD Setup Time 

RD to BUSY Propagation Time 

Data-Access Time after RD 

RD Pulse Width 

CS to RD Hold Time 

Data-Access Time after BUSY 

Data-Hold Time after RD 

SYMBOL 

BUSY to CS Delay t8 

T A = + 2 5 C 

CONDITIONS ALL 

(Note 7) 

(Note 7) 

(Note 8) 

MIN MAX 
0 

J 0 0 _ 

100 

T A = T M I N t o T M A X 

MAX16 _C/E MAX16 M UNITS 
MIN MAX MIN MAX 

0 

100 

100 

100 100 

10 

0 

10 

0 

0 

120 

120 

120 

100 

10 

0 

100 

ns 

ns_ 

ns 

ns 

ns 

ns 

1 0 O p F lOOpF 

Note 1 : Offset Error is measured with respect to an ideal first code transition which occurs at 1 /2LSB. 
Note 2: REFOUT is not available for use in MAX166C/MAX166D. These parts must be used with an external reference. 
Note 3: Guaranteed by design, not tested. 
Note 4: Accuracy may degrade at conversion times other than those specified. 
Note 5: Power-supply current is measured when MAX165/MAX166 are inactive, i.e. 

for MAX165 CS = RD = BUSY = high; 
for MAX166 CS = RD = BUSY = MODE = high. 

Note 6: Timing Specifications are sample tested at +25°C to ensure compliance. All input control signals are specified with 
tr = tf = 20ns (10% to 90% of +.5V) and timed from a 1,6V voltage level. 

Note 7: t3 and fe 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 8: t? is defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2 

Specifications subject to change without notice 

Detailed Description 
Converter Operation 

The M A X 1 6 5 / M A X 1 6 6 use the s u c c e s s i v e a p p r o x i m a t i o n 
t e c h n i q u e to conve r t an u n k n o w n a n a l o g input vo l t age to 
an 8-b i t d ig i ta l ou tpu t c o d e (see Functional Diagrams). 
The M A X 1 6 5 / M A X 1 6 6 s a m p l e the input vo l t age on an 
internal capac i t o r o n c e at the b e g i n n i n g of the conve r -
sion, (see Track/Hold sec t ion) . The D A C is init ial ly set to 
half sca le , a n d the c o m p a r a t o r d e t e r m i n e s whe the r the 
input s ignal is larger or smal le r t han half sca le . If the input 
is larger , the D A C mos t s ign i f i can t bit (MSB) is kept ; if it 
is smal ler , the M S B is d r o p p e d . At the e n d of e a c h 
c o m p a r i s o n p h a s e , t h e s u c c e s s i v e a p p r o x i m a t i o n 
register (SAR) s to res the resul ts of the p rev ious d e c i s i o n s 
a n d de te rm ines the next trial bit. This in format ion is 
l oaded into the D A C after e a c h dec i s ion . As the conve r -
s ion p r o c e e d s , the ana log input is a p p r o x i m a t e d more 
c lose ly as it is c o m p a r e d to the c o m b i n e d p rev ious D A C 
bits a n d a new D A C trial bit. Af ter 8 c o m p a r i s o n cyc les , 
the 8 b i ts s to red in the SAR are l a t ched into the ou tpu t 
la tches. At the e n d of the conve rs ion , the BUSY s igna 
g o e s h igh, a n d the d a t a in the ou tpu t la tches is r eady for 
| iP a c c e s s . Fur thermore , the D A C is reset to half sca le in 
p repa ra t i on for the next conve rs ion . 

Microprocessor Interface 
The C S a n d RD log ic inputs are u s e d to init iate conve r -
s ions a n d to a c c e s s d a t a f rom the dev i ces . The M A X 1 6 5 / 

Figure 2. Load Circuits for Data-Hold Time Test 
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Figure 1. Load Circuits for Data-Access Time Test 
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P I N 
N A M E F U N C T I O N 

M A X 1 6 5 M A X 1 6 6 
N A M E F U N C T I O N 

1 1 CS CHIP SELECT Input CS must 
be low for the device to be 
selected, or to recognize the 
RD input. 

2 2 RD READ Input. RD must be low 
to access data. RD is also 
used to start conversions 
See the Digital Interface sec-
tion 

3 3 REFOUT Output of the internal 1,23V 
bandgap reference 

4 MODE MODE (MAX166) Mode = 
low puts the ADC into 
asynchronous-conversion 
mode. MODE has to be tied 
high for synchronous-conver-
sion mode and ROM inter-
face mode. 

4 5 BUSY BUSY Output. BUSY going 
low indicates the start of a 
conversion. BUSY going high 
indicates the end of a conver-
sion. 

5 6 CLK External Clock Input/Internal 
Oscillator Pin for frequency 
setting RC components 

6 7 D7 
(MSB) 

Three-State Data Output, 
bit 7 (MSB) 

\i P-Compa tible, 5jas, 
8-Bit ADCs 
Pin Description 

P I N 
N A M E F U N C T I O N 

M A X 1 6 5 M A X 1 6 6 
N A M E F U N C T I O N 

7 8 D6 Three-State Data Output, bit 6 

8 9 D5 Three-State Data Output, bit 5 

9 10 DGND Digital Ground 

10 11 D4 Three-State Data Output, bit 4 

11 12 D3 Three-State Data Output, bit 3 

12 13 D2 Three-State Data Output, bit 2 

13 14 D1 Three-State Data Output, bit 1 

14 15 DO 
(LSB) 

Three-State, Data Output, 
bit 0 (LSB) 

15 16 AGND Analog Ground 

16 AIN Analog Input (single-ended 
with respect to AGND) 0V to 
2VREF input range 

17 AIN Negative Analog Input - dif-
ferential (MAX166) 

18 AIN + Positive Analog Input - dif-
ferential (MAX166) 

17 19 REFIN Reference Input +1,23V 
nominal 

18 20 VDD Power-Supply Voltage +5V 
nominal 

M A X 1 6 6 have two c o m m o n in ter face m o d e s that wil l be 
re fer red to as s l o w - m e m o r y in ter face m o d e a n d R O M 
i n t e r f a c e m o d e . In a d d i t i o n , t h e M A X 1 6 6 h a s an 
a s y n c h r o n o u s conve rs ion m o d e ( M O D E pin = low) w h e r e 
c o n t i n u o u s c o n v e r s i o n s are p e r f o r m e d . In t he s low-
m e m o r y in ter face m o d e , CS a n d RD are taken low to start 
a conve rs ion a n d remain low until the e n d of the conve r -
s ion, at w h i c h t ime da ta is u p d a t e d . This m o d e is 
d e s i g n e d for j iPs that c a n b e f o r c e d into a wai t state. In 
R O M in ter face m o d e , however , the j iP is not f o r c e d into 
a wai t state, A conve rs ion is s tar ted by tak ing CS a n d RD 
low, a n d d a t a f rom the p rev ious conve rs ion is read. At 
the e n d of the mos t recen t convers ion , the ^ P e x e c u t e s 
a READ inst ruct ion a n d star ts ano ther convers ion . 

Slow-Memory Interface Mode 
Figure 3 s h o w s the t im ing d i a g r a m for s l o w - m e m o r y 
in te r face m o d e . Th is m o d e is u s e d wi th | iPs that have a 
wai t s ta te capab i l i t y of at least 5 | i s ( such as the 8085A) , 
w h e r e a READ ins t ruc t ion is e x t e n d e d to a c c o m m o d a t e 
s l o w - m e m o r y dev ices . A conve rs ion is s tar ted by ex-

e c u t i n g a m e m o r y R E A D to the d e v i c e ( tak ing CS a n d RD 
low). The BUSY s igna l (wh ich is c o n n e c t e d to the | jP 
READY input ) t hen g o e s low a n d fo rces the ^ P into a wai t 
state. The T/H, w h i c h has been t r ack i ng the a n a l o g input 
s igna l , ho lds the s igna l on the th i rd fa l l ing c l o c k e d g e 
after RD g o e s low (F igure 12). At the e n d of the conve r -
sion, BUSY returns h igh, the ou tpu t la tches, a n d bu f fe rs 
are u p d a t e d wi th the n e w conve rs ion results. The | iP then 
c o m p l e t e s the m e m o r y READ by a c q u i r i n g th is n e w da ta . 

HIGH 
D A t A I M P E D A N C E 

B U S 

Figure 3. Slow-Memory Interface Mode Timing Diagram 
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CMOS \1P-C0mpatible 5|is, 
8-Bit ADCs 

f f \ The M A X 1 6 5 / M A X 1 6 6 ' s fast conve rs ion t ime ensu res that 
the | iP is not f o r ced into a wai t state for t oo long. Faster 
ve rs ions of m a n y | jPs, i nc lud ing the 8085A-2 , test the 

^ s ta tus of the READY input r ight af ter the start of an 
X inst ruct ion cyc le . There fore , for the M A X 1 6 5 / M A X 1 6 6 to 
^ e f fec t ive ly p lace the pP in a wai t state, their BUSY ou tpu t 
2 shou ld g o low very early in the cyc le . W h e n us ing the 
5 8085A-2 , the ear l iest poss ib le ind ica t ion of an u p c o m i n g 

READ opera t i on is p r o v i d e d by the SO s ta tus s ignal . Thus, 
1 0 SO (wh ich is low for a READ cyc le ) shou ld b e c o n n e c t e d 
< 0 to the RD input of the M A X 1 6 5 / M A X 1 6 6 . F igure 4 s h o w s 
^ t h e c o n n e c t i o n d i a g r a m fo r t h e 8 0 8 5 A - 2 to t h e 
^ M A X 1 6 5 / M A X 1 6 6 in s l o w - m e m o r y in ter face m o d e . 

^ ROM Interface Mode 

S Figure 5 s h o w s the t im ing d i a g r a m for R O M in ter face 
m o d e . In this m o d e , the nP d o e s not n e e d to be p l a c e d 
in a wai t state. A_conve rs ion is s tar ted wi th a READ 
inst ruct ion (RD a n d CS g o low), a n d o ld d a t a is a c c e s s e d . 
The BUSY s igna l then g o e s low to ind ica te the start of a 
convers ion . As before , the T/H acqu i r es the s ignal on the 
th i rd fa l l ing c l o c k e d g e after RD g o e s low. At the e n d of 
conve rs i on (BUSY g o i n g h igh) , ano ther R E A D inst ruct ion 
a lways a c c e s s e s the new d a t a a n d normal ly star ts a 
s e c o n d convers ion . However , if RD a n d CS go low wi th in 
o n e ex terna l c l o c k pe r i od of BUSY g o i n g h igh, the s e c o n d 

conve rs ion is not s tar ted. For co r rec t ope ra t i on in this 
m o d e , RD a n d CS shou ld not g o low be fo re BUSY returns 
h igh. 

F igures 6 a n d 7 s h o w the c o n n e c t i o n d i a g r a m s for inter-
f ac ing the M A X 1 6 5 / M A X 1 6 6 in R O M in ter face m o d e . 
F igure 6 shows the c o n n e c t i o n d i a g r a m to the 6 5 0 2 / 6 8 0 9 
uPs, a n d F igure 7 s h o w s in te r fac ing to the Z-80. 

Due to their fast in ter face t im ing , the M A X 1 6 5 / M A X 1 6 6 
wil l in ter face to the T M S 3 2 0 1 0 runn ing at up to 18MHz. 
F igure 8 s h o w s the c o n n e c t i o n d i a g r a m to t h e T M S 3 2 0 1 0 
In this in ter face, the M A X 1 6 5 / M A X 1 6 6 are m a p p e d as a 
port add ress . A conve rs i on is in i t iated by us ing an IN A 
a n d a PA inst ruct ion, a n d the conve rs i on result is p l a c e d 
in the T M S 3 2 0 1 0 a c c u m u l a t o r . 

Asynchronous Conversion 
Mode (MAX166) 

Ty ing the M O D E pin low p l aces the M A X 1 6 6 into a 
con t i nuous -conve rs i on m o d e . The RD a n d CS inputs are 
on ly u s e d for r ead ing d a t a f rom the conver te r . F igure 9 
s h o w s the t im ing d i a g r a m for this m o d e of opera t ion , a n d 
F igure 10 s h o w s the c o n n e c t i o n d i a g r a m of the conver te r 
to the 8085A. In this mode , the M A X 1 6 6 appea rs like a 
R O M to the | iP, in that da ta c a n b e a c c e s s e d inde-
penden t l y of the c lock . The ou tpu t la tches are normal ly 

• L I N E A R C I R C U I T R Y O M I T T E D F O R C L A R I T Y 
S O . 0 F O R R E A D C Y C L E S 

Figure 4. MAX165/MAX166 to 8085A-2 Slow-Memory Interface 

<4 H 

DATA " IGH 
IMPEDANCE 

BUS 

- 5 5 -

- 5 5 -

OLD 
DAIA 

ss-
— 5 5 ^ 

HIGH-IMPEDANCE BUS 

— 5 5 
n a u I IMPEDANCF n BUS 

Figure 5. ROM Interface Timing Diagram 

• L I N E A R C I R C U I T R Y O M I T T E D F O R C L A R I T Y 

Figure 6. MAX165/MAX166 to 6502/6809 ROM Interface 
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Figure 7. MAX165/MAX166 to Z-80 ROM Interface 
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u p d a t e d on the r is ing e d g e of BUSY. But, if CS a n d RD 
are iow w h e n BUSY g o e s high, the da ta la tches are not 
u p d a t e d unti l o n e of these inputs returns high. Add i t i on -
ally, _the M A X 1 6 6 s tops conver t i ng a n d BUSY stays h igh 
until RD or CS g o e s h igh. This m o d e of ope ra t i on a l lows 
a s imp le | iP in ter face. 

Microprocessor Interface For 
Signal Acquisition 

Many app l i ca t i ons requ i re s a m p l i n g of the input s igna l at 
equa l intervals to m in im ize errors c a u s e d by s a m p l i n g 
uncer ta in ty or jitter. To ach ieve this wi th the p rev ious ly 
d i s c u s s e d in ter faces, the user mus t m a t c h so f tware 
de lays or coun t the n u m b e r of e l a p s e d c lock cyc les . This 
b e c o m e s di f f icu l t in in ter rupt d r i ven sys tems w h e r e the 
uncer ta in ty in in ter rupt se rv i c ing de lays is ano ther c o m -
p l i ca t ing fac tor . 

The so lut ion is to use a rea l - t ime c l o c k to cont ro l the start 
of a convers ion . This shou ld be s y n c h r o n o u s wi th the 
c l ock input to the A D C (bo th shou ld be d e r i v e d f rom the 
s a m e source) b e c a u s e the s a m p l i n g instants o c c u r th ree 
c lock cyc l es after CS a n d RD g o low. There fore , the 
s a m p l i n g instants o c c u r at exac t l y equa l intervals if the 
c o n v e r s i o n s a re s t a r t e d at e q u a l in terva ls . In th is 
s c h e m e , the ou tpu t da ta is fed into a FIFO latch, w h i c h 
a l lows the pP to a c c e s s da ta at its own rate. This gua ran -
tees that da ta is not read f rom the A D C in the m i d d l e of 
a convers ion . If da ta is read f rom the A D C d u r i n g a 
conve rs ion , the conve rs ion in p rog ress may be d is-
t u rbed , but the a c c e s s e d da ta that b e l o n g e d to the 
p rev ious conve rs i on will b e co r rec t . 

The T/H star ts ho ld ing the input on the th i rd fa l l ing e d g e 
of the c l o c k after CS a n d RD g o low. If CS a n d RD g o 
low wi th in 20ns of a fa l l ing c l ock e d g e , the A D C m a y or 
may not cons ide r this fa l l ing e d g e as the first of the th ree 
e d g e s tha t_determine the s a m p l i n g instant. There fore , 
the CS a n d RD shou ld not be a l l owed to g o low wi th in th is 
pe r i od w h e n s a m p l i n g a c c u r a c y is requ i red . 

Track/Hold 
The T/H consists of a sampl ing capac i to r and a swi tch to 
cap tu re the input signal. The simpl i f ied d iag ram of this 
b lock is shown in Figure 11. At the beg inn ing of the 
convers ion, swi tch S1 is c losed, a n d the input s ignal is 
t racked. The input signal is held (swi tch S1 opens ) on the 
third fal l ing e d g e of c lock after CS a n d RD g o low (Figure 
12) . This al lows a m in imum of two c lock cyc les for the input 
capac i to r to be c h a r g e d to the input vo l tage through the 
swi tch resistance. The t ime requi red for the hold capac i to r 
to settle to ± 1 / 4 L S B is typical ly 7ns. Therefore, the input 
s ignal is a l lowed amp le t ime to settle before it is acqu i red 
by the T/H. When a convers ion ends, swi tch S1 closes, a n d 
the input signal is t racked. 

y k i y i x i v w i 
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Figure 8. MAX165/MAX166 to TMS32010 ROM Interface 

U P D A T E D E F E R 

Figure 9. MAX 166 Asynchronous-Conversion Mode 
Timing Diagram 
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Figure 10. MAX166 to 8085A Asynchronous-Conversion 
Mode Interface 
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The T/H c a n a c q u i r e s igna ls w i th s lew rates of up to 
3 8 6 m V / n s (or equ i va l en t l y a 5 0 k H z s ine w a v e w i th 
2 .46V p -p amp l i tude) . F igure 13 shows the s igna l - to -no ise 
ratio (SNR) versus input f r e q u e n c y for t he A D C . The SNR 
plot is g e n e r a t e d at a s a m p l i n g rate of 2 0 0 k H z us ing 
s i n u s o i d a l i n p u t s w i t h a 2 .46V P - P a m p l i t u d e . T h e 
recons t ruc ted s ine w a v e is p a s s e d t h r o u g h a 50kHz , 
8 th -order C h e b y s h e v fi lter. The i m p r o v e m e n t in SNR at 
h igh f r equenc ies is d u e to the fi lter cutof f . 

The sw i t ch ing nature of the ana log input resul ts in t ran-
sient cur ren ts that c h a r g e the T/H 's input c a p a c i t a n c e . 
K e e p the dr iv ing s o u r c e i m p e d a n c e low (be low 2k£2) so 
the T/H's set t l ing charac te r i s t i cs are not d e g r a d e d . A low 
d r i v ing i m p e d a n c e a lso m in im izes undes i rab le no ise 
p i ck -up a n d r e d u c e s DC er rors c a u s e d by t rans ient 
cur ren ts at the ana log input . As wi th any A D C , it is 
impor tan t to k e e p ex terna l no ise s o u r c e s to a m i n i m u m 
du r i ng a convers ion . K e e p the da ta bus as quiet as 
poss ib le d u r i n g a conve rs ion , espec ia l l y w h e n the T /H is 
m a k i n g a t rans i t ion to ho ld m o d e . 

Dev i ce a c c u r a c y m a y d e g r a d e s l ight ly w h e n conve rs ion 
t imes are s ign i f icant ly longer than 5jas, as s h o w n in F igure 
14. This d e g r a d a t i o n is d u e to the c h a r g e that is lost f rom 
the ho ld c a p a c a c i t o r in the p r e s e n c e of smal l o n - c h i p 
l eakage cur ren ts . 

the conve rs i on resul t c a n s h o w an error in the s a m e 
amoun t . For examp le , if the input has a 60Hz c o m m o n -
m o d e c o m p o n e n t of 0,5V wi th r espec t to A G N D , an error 
of less than 0,1 LSB is i ncu r red d u r i n g the 5jas conve rs ion . 
C o n v e r s i o n er rors i nc rease wi th h igher f r e q u e n c y or 
h igher a m p l i t u d e c o m m o n - m o d e s igna ls . 

Reference Input 
This A D C ' s h igh s p e e d c a n b e part ia l ly a t t r i bu ted to its 
D A C ' s " i n v e r t e d - v o l t a g e ou tpu t " t o p o g r a p h y . Th is 
t o p o g r a p h y p rov i des low of fset a n d ga in er rors a n d fast 
set t l ing t imes. The input cu r ren t to the DAC, howeve r , is 
not cons tan t . Dur ing a convers ion , as d i f fe rent D A C 
c o d e s are t r ied, the D A C ' s DC i m p e d a n c e c a n vary 
b e t w e e n 6 k Q a n d 18k£2. Fur thermore , w h e n the D A C 
c o d e s c h a n g e , smal l a m o u n t s of t rans ient cu r ren t are 
d r a w n f rom the re fe rence input . These charac te r i s t i cs 
requ i re a low DC a n d A C dr i v ing i m p e d a n c e for the 
re ference c i rcui t ry to min imize convers ion errors. 

Figure 15 shows the external re ference circui try recom-
m e n d e d f o r d r i v i n g t h e r e f e r e n c e i n p u t of t h e 
MAX165 /MAX166 . The decoup l i ng capac i to rs are neces-
sary to prov ide a low A C source impedance . 

Differential Input (MAX166) 
The M A X 1 6 6 conver ts d i f ferent ia l inputs [ (A IN+) - ( A I N - ) ] 
in the OV to 2VREF range. This c a n be espec ia l l y useful 
in s i ng le - supp l y app l i ca t i ons w h e r e the ou tpu t sw ing 
requ i remen ts on the input ampl i f ie r are r e d u c e d . For 
e x a m p l e , if A IN- is t ied to the re fe rence ou tpu t of the 
MAX166 , the vo l t age sw ing on A I N + mus t fall in the 1,23V 
to 3 .69V range. Fur thermore , the d i f ferent ia l capab i l i t y 
a l lows the conver te r to re ject l ow - f r equency c o m m o n -
m o d e s igna ls . 

The vo l t age at A I N + is s a m p l e d at the b e g i n n i n g of the 
conve rs ion a n d is r e fe renced to A IN- du r i ng the conve r -
sion. There fore , it is essent ia l that the vo l t age on AIN- b e 
relat ively cons tan t w i th r espec t to A G N D du r i ng the c o n -
vers ion, o the rw ise conve rs ion errors wil l result. If the A IN-
input c h a n g e s by a smal l vo l t age du r i ng the conve rs ion , 

Figure 11. MAX165/MAX166 Equivalent Input Circuit 
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Figure 13. MAX165/MAX166 SNR vs Input Frequency 
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Figure 14. MAX 165A/MAX166A Accuracy vs. Conversion Time 

47JJF 0.1TIF 

Internal Reference 
The M A X 1 6 5 / M A X 1 6 6 have an internal 1.23V b a n d g a p 
re fe rence a n d buf fer su i tab le for d r i v ing the re fe rence 
input of the A D C . As d i s c u s s e d before , the re fe rence 
input requ i res a low DC a n d A C d r i v ing i m p e d a n c e . 

The re fe rence buf fer requ i res a 4 .7 | iF low-ESR capac i t o r 
( tan ta lum or a l u m i n u m wi th add i t i ona l 0.1 j iF c e r a m i c ) for 
c o m p e n s a t i o n a n d to a c h i e v e l ow-AC i m p e d a n c e . If this 
c a p a c i t o r is o m i t t e d , osc i l l a t i ons c a n o c c u r on the 
REFOUT pin. If the user op ts for an ex terna l re fe rence, 
the REFOUT pin c a n b e t ied to VDD to d i sab le the internal 
re fe rence. 

Internal/External Clock 

Figure 15. External Reference Circuit 

The M A X 1 6 5 / M A X 1 6 6 c a n b e run ei ther w i th an ex terna l ly 
a p p l i e d c l ock or with their internal c lock . In ei ther case , 
the s igna l a p p e a r i n g at the c l ock p in is internal ly d i v i d e d 
by two to p r o v i d e an internal c l o c k s igna l that is re lat ively 
insensi t ive to the input c l o c k du ty cyc le . There fore , a 
s ing le conve rs i on takes 20 input c l o c k cyc les , w h i c h 
c o r r e s p o n d s to 10 internal c l o c k cyc les . 

Internal Clock 
The internal osc i l la tor f r e q u e n c y is set by an ex te rna l 
capac i t o r , CCLK , a n d an ex terna l resistor, RcLk, w h i c h are 
c o n n e c t e d as s h o w n in F igure 16a, Du r i ng a convers ion , 
a sawtoo th w a v e f o r m is g e n e r a t e d on the C L K pin by 
c h a r g i n g CCLK t h r o u g h RcLk a n d d i s c h a r g i n g it t h r o u g h 
an internal swi tch . At the e n d of a conve rs ion , the internal 
osc i l la tor is shu t d o w n by c l a m p i n g the C L K pin to VDD 
through an internal switch. The circuit for the internal oscillator 
can be easily overdr iven with an external c lock source. 

The interna! osc i l la tor p r o v i d e s a conven ien t c l ock s o u r c e 
for the M A X 1 6 5 / M A X 1 6 6 . Typ ica l conve rs ion t imes ver-
sus t e m p e r a t u r e for the r e c o m m e n d e d RCLK a n d CCLK 
c o m b i n a t i o n are s h o w n in F igure 17. D u e to p r o c e s s 
var ia t ions, the osc i l la t ion f r e q u e n c y for th is R C L K , CCLK 

c o m b i n a t i o n may vary by as m u c h as + 5 0 % f rom the 
nomina l va lue s h o w n in F igure 17. There fo re , an ex te rna l 
c l ock shou ld b e u s e d in the fo l l ow ing s i tuat ions: 

1. A p p l i c a t i o n s w h i c h requ i re the conve rs i on t ime to 
b e wi th in 5 0 % of the m i n i m u m conve rs i on t ime for 
the spec i f i ed a c c u r a c y (5| js) . 

2. A p p l i c a t i o n s in w h i c h t ime- re la ted so f tware con -
stra ints c a n n o t a c c o m m o d a t e conve rs i on t ime dif-
f e rences , w h i c h may o c c u r f rom unit to unit or over 
t e m p e r a t u r e for a g i ven dev i ce . 

External Clock 
The C L K input of the M A X 1 6 5 / M A X 1 6 6 may b e d r i ven 
d i rec t ly by a 7 4 H C or 4 0 0 0 B ser ies buf fer (e.g. , 4049) or 
an LS TTL wi th a 5 . 6 k U pu l l up resistor. At the e n d of a 
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convers ion , the d e v i c e ignores the c l o c k input a n d dis-
ab les its internal c lock s ignal . There fore , the externa l 
c l o c k may con t i nue to run b e t w e e n conve rs ions w i thout 
b e i n g d i sab led . The du ty cyc le ratio of the ex terna l c l ock 

r z o i(iF 

OV to+2 .46V 
VDD 

AIN C L K 
MAX 

VDD 

AIN C L K 

REFOUT B U S Y 

4 U X I A I 
MAX165 CS 
MAX 166 _ 

-
+ 1 23V 

REFOUT B U S Y 

4 U X I A I 
MAX165 CS 
MAX 166 _ \ 

REFIN R D 

P»4.7 |JF - 0 .1PF 

l 

M O D E " 
A G N D 

A 
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FTCLK 
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CCLK 
IOOpF.27, 
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A I N = A N A L O G I N P U T R E F E R R E D TO A G N D ( M A X 1 6 5 ) 
A I N - A I N + R E F E R E N C E D T O A I N - ( M A X 1 6 6 ) 
• • M A X 1 6 6 O N L Y 

Figure 16a. MAX 165/MAX166 Unipolar Configuration 
(Internal Reference) 
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4 
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MODE 

A G N D 
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may vary f rom 70 /30 to 30 /70. As d i s c u s s e d prev ious ly , 
in o rder to ma in ta in a c c u r a c y , c l o c k rates s ign i f i cant ly 
lower than the d a t a sheet l imits ( 4 M H z ) shou ld not b e 
used . 

Applications Information 
Unipolar Operation 

Figures 16a a n d 16b s h o w the ana log c i rcu i t c o n n e c t i o n s 
a n d nomina l t ransfer cha rac te r i s t i cs (F igure 16c) for 
un ipo lar opera t ion . S ince the of fset a n d fu l l -sca le errors 
of the M A X 1 6 5 / M A X 1 6 6 a r e very smal l , it is not n e c e s s a r y 
to null t hese er rors in mos t cases . If ca l ib ra t ion is re-
qu i red , m a k e a d j u s t m e n t s as fo l lows: 

O U T P U T 
C O D E 

11111111 

11111110 — 
11111101 — 

0000 0011 
0000 0010 
0000 0001 
0000 0000 

F U L L - S C A L E 
T R A N S I T I O N 

( F S - 3 / 2 L S B ) 

F S - 2 V R E F 
2 F S 
2 5 6 

1LSB 

I 1 L S B 3 L S B s 
2 L S B s F S - 1 L S B t t 

A I N , I N P U T V O L T A G E ( I N T E R M S OF L S B s l 

Figure 16c. Nominal Transfer Characteristic for Unipolar 
Operation 

Figure 16b. MAX166 Unipolar Configuration 

- 2 5 0 2 5 5 0 7 5 

A M B I E N T T E M P E R A T U R E ! 0 

Figure 17. Typical Conversion Times vs. Temperature Using 
Internal Clock 
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Figure 18a. 

I N P U T A I N = A N A L O G I N P U T R E F E R R E D T O 
V O L T A G E A G N D I M A X 1 6 5 ) 

- 2 . 4 6 V T O + 2 . 4 6 V A I N = A I N + R E F E R E N C E D T O A I N - ( M A X 1 6 6 ) 

MAX165/MAX166 Bipolar Configuration 
(Internal Reference) 

Figure 18b. Nominal Transfer Characteristic for Bipolar 
Operation 

Offset Adjustment 
The of fset error c a n b e eas i ly a d j u s t e d us ing an o p a m p , 
as s h o w n in F igure 18a. The o p a m p shou ld have a 
c o m m o n - m o d e input r a n g e that inc ludes OV. The op -
a m p input is init ial ly set to + 4 . 8 m V (+1 /2LSB) , wh i le its 
of fset is v a r i e d unti l the A D C ou tpu t c o d e f l i ckers b e t w e e n 
0 0 0 0 0000 a n d 0 0 0 0 0001. 

Full-Scale Adjustment 
The fu l l -sca le ad jus tmen t is m a d e by fo rc ing the ana log 
input , A IN, to +2 .445V (FS -3 /2LSB) . The re fe rence input 
vo l t age is t hen va r ied unti l the A D C ou tpu t c o d e f l i ckers 
b e t w e e n 1111 1110 a n d 1111 1111. 

Bipolar Operation 
Figure 18a shows an e x a m p l e of the c i rcu i t c o n n e c t i o n s 
for b ipo la r ope ra t i on a n d its nomina l t ransfer c h a r a c -
ter is t ics (F igure 18B). The ou tpu t c o d e p r o v i d e d by the 
MAX 165 /MAX 166 is of fset b inary . The ana log input range 
for this c i rcu i t is ±2 .46V (1LSB = 1 9 . 2 2 m V ) , e v e n t h o u g h 
the vo l t age a p p e a r i n g at the A I N pin is in the 0V to +2 .46V 
range. In most cases , the M A X 1 6 5 / M A X 1 6 6 ' s a c c u r a c y 
is h igh e n o u g h that ca l ib ra t ion wil l not b e neccesa ry . If 
ca l ib ra t ion is not n e e d e d , res istors R1 t h r o u g h R7 shou ld 
have a 0.1 % to le rance , wi th R4 a n d R5 r e p l a c e d by o n e 
10k£2 resistor, a n d R2 a n d R3 wi th one 1kQ resistor. If 
ca l ib ra t ion is requ i red , m a k e a d j u s t m e n t s as fo l lows: 

Offset Adjustment 
Ad jus t the of fset error by a p p l y i n g an ana log input vo l t age 
of +2 .43V ( + FS - 3 /2LSB) . Resistor R5 is then a d j u s t e d 
unti l the ou tpu t c o d e f l ickers b e t w e e n 1111 1110 a n d 
1 1 1 1 1 1 1 1 . 

Full-Scale Adjustment 
The fu l l -sca le errors are nu l led by a p p l y i n g an a n a l o g 
input vo l t age of -2 .45V (-FS + 1/2LSB). Resistor R3 is 
then a d j u s t e d until the ou tpu t c o d e f l ickers b e t w e e n 
0 0 0 0 0 0 0 0 a n d 0 0 0 0 0001 . 

Noise 
To m in im ize no ise c o u p l i n g , k e e p bo th the input s igna l 
lead to A I N a n d the s igna l return lead f rom A G N D as shor t 
as poss ib le . If this is not poss ib le , a sh i e l ded c a b l e or a 
tw is ted pair t ransmiss ion line is r e c o m m e n d e d . Add i t i on -
ally, potent ia l d i f f e rences b e t w e e n the A D C g r o u n d a n d 
the s igna l s o u r c e g r o u n d s h o u l d b e m i n i m i z e d s ince 
t hese v o l t a g e d i f f e rences a p p e a r as errors supe r - im -
p o s e d on the input s ignal . In o rder to m in im ize sys tem 
noise p i ckup , the d r i v ing s o u r c e res is tance s h o u l d be 
kept be low 2kQ. 
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Proper Layout 
For PC b o a r d layouts, take c a r e to k e e p d ig i ta l l ines we l l 
s e p a r a t e d f rom any ana log lines. A s ing le-po in t , ana log 
g r o u n d , w h i c h is sepa ra te f rom the d ig i ta l sys tem g r o u n d , 
shou ld b e es tab l i shed near t he M A X 1 6 5 / M A X 1 6 6 . Con -
nec t th is a n a l o g g r o u n d po in t to t he d ig i ta l s y s t e m 
g r o u n d t h r o u g h a s ing le - t rack c o n n e c t i o n only. Any 
s u p p l y or re fe rence b y p a s s capac i t o r s , ana log input filter 
capac i t o r s , or input s igna l sh ie ld ing shou ld be re tu rned 
to the ana log g r o u n d point . 

Functional Diagrams Icontinued) 

Ordering Information (continued) 

VDD 
201 

A I N + 1®. 
A IN-

A G N D 16 

REFOUT A 

REFIN — 

CLK 

M O D E 

1 ?3V 
BANDGAP 

REFERENCE 

CLOCK 
OSCILLATOR 

CONTROL LOGIC 
U 

LATCH AND 
THREE-STATE 

OUTPUT 
DRVERS 15 DO 

51 
BUSY 

101 

D G N D 

PART TEMP. RANGE PIN-PACKAGE ERROR 
(LSB) 

MAX166ACPP O'C to +70"C 20 Plastic DIP ±1/2 

MAX166BCPP O'C to + 70"C 20 Plastic DIP ±1 

MAX166CCPP O'C to +70 C 20 Plastic DIP ±1/2 

MAX166DCPP 0"C to +70'C 20 Plastic DIP ±1 

MAX166ACWP 0"C to +70"C 20 Wide SO ±1/2 

MAX166BCWP O'C to +70'C 20 Wide SO ±1 

MAX166CCWP O'C to +70"C 20 Wide SO ±1/2 

MAX166DCWP O'C to +70"C 20 Wide SO ±1 

MAX166BC/D O'C to +70"C Dice* ±1 

MAX166DC/D O'C to +70'C Dice" ±1 

MAX166AEPP -40"C to +85'C 20 Plastic DIP ±1/2 

MAX166BEPP -40'C to +85 C 20 Plastic DIP ±1 

MAX166CEPP -40"C to +85'C 20 Plastic DIP ±1/2 

MAX166DEPP -40'C to +85"C 20 Plastic DIP ±1 

MAX166AEWP -40'C to +85'C 20 Wide SO ±1/2 

MAX166BEWP -40'C to +85'C 20 Wide SO ±1 

MAX166CEWP -40'C to +85"C 20 Wide SO ±1/2 

MAX166DEWP -40'C to +85'C 20 Wide SO ±1 

MAX166AMJP -55'C to + 125C 20 CERDIP" ±1/2 

MAX166BMJP -55"C to + 125C 20 CERDIP" ±1 

MAX166CMJP -55'C to + 125"C 20 CERDIP" ±1/2 

MAX166DMJP -55'C to +125"C 20 CERDIP" ±1 

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

Chip Topographies 
MAX 165 D7 (MSB) BUSY 

D6 | CLK | N.C. 
I I I I I 

I J 

MAX166 D7 (MSB) BUSY 
MODE 

(3.302mm) 

'The two AGND pads must both be used 
(bonded together). 

(3.302mm) 
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