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71/171X171/1 
500ksps, 12-Bit ADCs 

with Track/Hold and Reference 
General Description 

The MAX120 and MAX122 complete. BiCMOS, sampl ing 
12-bit analog-to-digital converters (ADCs) combine an on-
ch ip track/hold (T/H) and a low-drift voltage reference with fast 
conversion speeds and low power consumpt ion. The T/H's 
350ns acquisit ion t ime comb ined with the MAX120's 1.6|is 
conversion time results in throughput rates as high as 500k 
samples per second (ksps). Throughput rates of 333ksps are 
possible with the 2.6ns conversion t ime of the IV1AX122. 

The M A X 1 2 0 / M A X 1 2 2 a c c e p t ana log input vo l t ages f rom 
-5V to +5V. The only external c o m p o n e n t s n e e d e d are 
d e c o u p l i n g c a p a c i t o r s for the p o w e r - s u p p l y a n d refer-
e n c e vo l tages . The M A X 1 2 0 ope ra tes wi th c locks in the 
0.1 M H z to 8 M H z f r e q u e n c y range. The M A X 1 2 2 a c c e p t s 
0.1 M H z to 5 M H z c lock f r equenc ies 

The M A X 1 2 0 / M A X 1 2 2 e m p l o y a s t a n d a r d m i c r o p r o c e s -
sor ( | iP) in ter face. Three-s ta te da ta ou tpu ts are con f ig -
u red to ope ra te wi th 12-bit d a t a buses . D a t a - a c c e s s a n d 
bus - re lease t im ing spec i f i ca t i ons are c o m p a t i b l e w i th 
most popu la r j iPs w i thout resor t ing to wai t s ta tes In 
add i t ion , the M A X 1 2 0 / M A X 1 2 2 c a n in ter face d i rec t ly to a 
first in, first out (FIFO) buf fer , v i r tual ly e l im ina t ing | iP 
in ter rupt o v e r h e a d . All log ic inputs a n d o u t p u t s are 
T T L / C M O S compa t i b l e . For a p p l i c a t i o n s r equ i r i ng a 
ser ia l in ter face, refer to the new MAX121 , 

Applications 
Dig i ta l -S igna l P rocess ing 

A u d i o a n d T e l e c o m Process ing 

S p e e c h Recogn i t i on a n d Synthes is 

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

S p e c t r u m Ana lys is 

Data L o g g i n g Sys tems 

Pin Configuration 
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Features 
• 12-Bit Reso lu t ion 

• N o Miss ing C o d e s O v e r T e m p e r a t u r e 

• 2 0 p p m ° / C -5V In terna l R e f e r e n c e 

• 1 ,6 | is C o n v e r s i o n T i m e / 5 0 0 k s p s T h r o u g h p u t 
( M A X 1 2 0 ) 

• 2 .6ns C o n v e r s i o n T i m e / 3 3 3 k s p s T h r o u g h p u t 
( M A X 1 2 2 ) 

• Low Noise and Distortion: 
70 d B Min S I N A D ; 

-77 d B M a x T H D ( M A X 1 2 2 ) 

• L o w P o w e r D iss ipa t ion: 2 1 0 m W 

• S e p a r a t e T r a c k / H o l d Cont ro l Input 

• C o n t i n u o u s - C o n v e r s i o n M o d e Ava i lab le 

• ± 5 V Input R a n g e , O v e r v o l t a g e To le ran t to ± 1 5 V 

• 24 -P in N a r r o w DIP, W i d e S O a n d S S O P P a c k a g e s 

Ordering Information 

PART TEMP. RANGE F kCKAGE INL 
(LSBs) 

MAX120CNG 0 C to +70 C 24 Narrow Plastic DIP + 1 

MAX 120CWG 0 C to +70 C 24 Wide SO + 1 

MAX120CAG 0 C to +70 C 24 SSOP ±1 

MAX120C/D 0 C to +70 C Dice* +1 

MAX120ENG -40 C to +85 C 24 Narrow Plastic DIP i 1 

MAX120EWG -40 C to +8b C 24 Wide SO i 1 

Ordering Information continued on last page. 
*Contact factory tor dice specifications. 
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ABSOLUTE MAXIMUM RATINGS 
V D D I O D G N D -0.3V to +6V 
Vss to DGND +0.3V to -17V 
A I N t o A G N D ±15V 
A G N D to DGND +0.3V 
Digital Inputs/Outputs to DGND -0 3V to (Von + 0.3V) 
Cont inuous Power Dissipation (TA = +70"C) 

Narrow Plastic DIP (derate 13.33mW/ C above +70 C) 1067mW 
SO (derate 11.76mW/ C a b o v e + 7 0 C ) 941 mW 
SSOP (derate 8 .00mW/ 'C a b o v e + 7 0 C) 640mW 
Narrow CERDIP (derate 12.50W/ C above +70 C) . . 1000mW 

Operat ing Temperature Ranges 
MAX12_C 
MAX12_E 
MAX12_MRG 

Storage Temperature Range 
Lead Temperature (solder ing, 10 sec) 

. 0 C to +70 C 
-40 C to +8!) C 

-55 C to + 125 C 
-65 C to t 160 C 

f 300 C 

Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device These aie stte 
operation ol the dcvice at those or any other conditions beyond those indicated in the operational sections of the speciticatioi 
absolute maximum rating oonditions for extended periods may affect device reliability 

ELECTRICAL CHARACTERISTICS 
(Voo = +4.75V to +5.25V, Vss = -10.8V to -15.75V, tcLK = 8MHz for MAX120 and 5MHz for MAX122, TA - TMIN 
unless otherwise noted.) 

lalinqsonlv a 
s not implied 

I P A R A M E T E R 

[ A C C U R A C Y 

S Y M B O L C O N D I T I O N S MIN TYP 

Resolution 

Differential Nonlinearity (Note 1) 

Integral Nonlinearity (Note 1) 

RES 

D N L 

INL 

MAX122AC/AE 
12-bit no missing • — 
codes over temp, range I MAX120C/E, 

| MAX122BC/BE/BM 

11-bit no missing y . v l , n u 

c o d e s o v e r temp, range i M A X 1 2 0 M 

MVIAXI22AC/AE 

MAX120C/E, 
MAX122BC/BE/BM 

MAX120M 

| Bipolar Zero Error (Note 1) 

Full-Scale Error (Notes 1, 2) 

^Full-Scale Temperature Drift 

Power-Supply Rejection Ratio 
(Change in FS, Note 3) 

I A N A L O G INPUT 

Input Range 

I Input Current 

PSRR 

Code 00,,00 to 00,,01 transition, near AIN = 0V , 

Temperature drift 

nc lud ing reference; ad justed for bipolar zero 
error; TA = +25 'C J 

Excluding reference 

VDD only, 5V ±5% 

Input Capac i tance (Note 4) 

Full-Power Input Bandwid th 

[ R E F E R E N C E 

Output Vol tage 

V s s only, - 1 2 V ± 1 0 % 

V s s only, - 1 5 V ± 5 % 

AIN = +5V (approximately 6 k U to REF) 

± 1 / 4 

± 1 / 4 

1 5 

[Externa l Load Regulat ion 

Temperature Drift (Note 5) 

No external load, AIN = 5V. TA = +25 C -5.02 

0mA < ISINK < 5mA. AIN : 

MAX12_C/E 

MAX12_M 

0V 

t o I M A X 

MAX | 

+ 3 / 4 j 
±1 | 

± 2 J 

± 3 / 4 

+? 
13 

±0.005 

± 1 / 4 

±8 

UNITS 

Bits 

LSB 

I SB 

LSB 

LSB/ C 

LSB 

ppm/ C 

+3/4 

±1 LSB 

+ 1 

5 V 

2 5 mA 

10 p l 

M H / 

-4 98 V 

mV 

±25 

±30 
ppm/ C 

2 J W A X l / I / I 



500ksps, 12-Bit ADCs 
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ELECTRICAL CHARACTERISTICS (continued) 
(VDD = +4.75V to +5.25V, Vss = -10.8V to-15.75V, fCLK = 8MHz for M A X 1 2 0 a n d 5MHz for MAX122, TA = TMIN to TMAX 
unless otherwise noted.) 

PARAMETER | S Y M B O L CONDIT IONS j MIN TYP MAX | UNITS 

DYNAMIC P E R F O R M A N C E (MAX120: fs = 500kHz, AIN = ±5Vp-p, 100kHz; MAX122: fs = 333kHz, AIN = ±5Vp-p, 50kHz 

TA = + 2 5 C MAX120, MAX122 70 72 

Signal- to-Noise Plus Distortion SINAD MAX122AC/AE 

MAX122BC/BE/BM 

70 

69 

dB 

Total Harmonic Distortion 
(First Five Harmonics) THD 

TA = +25 C 
MAX 120 

MAX 122 

MAX122AC/AE 

MAX122BC/BE/BM 

-82 

-8b 

-77 

-78 

-77 

-75 

dB 

TA = +25 C 
MAX 120 77 82 

Spurious-Free Dynamic Range SFDR 

TA = +25 C 
MAX 122 78 85 

dB Spurious-Free Dynamic Range SFDR 
MAX122AC/AE 

MAX122BC/BE/BM 

77 

75 

dB 

C O N V E R S I O N T IME 

Synchronous tCONV 13tCLK 
MAX 120 

MAX 122 

1 63 

2.60 
MS 

Clock Frequency fCLK 
MAX 120 

MAX 122 

0.1 

0.1 

8 

5 
M H / 

DIGITAL INPUTS (CLKIN, CONVST, RD. CS) 

nput High Voltage VlH 2.4 V 

nput Low Voltage VlL 0 8 V 

nput Capac i tance (Note 4) 10 pF 

nput Current VIN - 0V or VDD ±5 HA 

DIGITAL O U T P U T S (INT/BUSY, D11 -DO) 

Output Low Voltage VOL ISINK = 1,6mA 0 4 V 

Output High Voltage VOH ISOURCE = 1MA VDD - 0.5 V 

Leakage Current LKG VIN = 0V or VDD, D11-D0 ±B N A 

Output Capac i tance (Note 4) 10 pF 

POWER R E Q U I R E M E N T S 

Positive Supply Voltage VDD Guaranteed by supply rejection test 4 75 5.25 V 

Negat ive Supply Voltage VSS Guaranteed by supply rejection test -10.80 -15 75 V 

Positive Supply Current (Note 6) IDD VDD = 5.25V, Vss = -15.75V, AIN = 0V 9 15 mA 

Negat ive Supply Current (Note 6) iss VDD = 5.25V, Vss = -15.75V, AIN = 0V 14 20 rnA 

Power Dissipat ion (Note 6) VDD = 5V. Vss = -12V, AIN = 0V 210 315 mW 

Note 1 : These tests are per formed at VDD = 5V, Vss = -15V. Operat ion over supply is guaranteed by supply rejection tesls 
Note 2: Ideal ful l-scale transit ion is at +5V - 3/2LSB = +4.9963V, ad justed for offset error. 
Note 3: Supply rejection def ined as change in ful l-scalo transit ion vol tage with the spec i f ied change in supp ly vol tage - ( I S at nominal 

supply) - (FS at nominal supply ± tolerance), expressed in LSBs. 
Note 4: For des ign gu idance only, not tested. 
Note 5: Temperature drift is def ined as the change in output vol tage from +25 C to TMIN or TMAX. It is calculated as 

TC = (AVREF/VREF)/(AT) 
Note 6: CS = RD = CONVST = 0V, MODE = 5V 

/ M / 1 X I / V I 3 



500ksps, 12-Bit ADCs 
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M TIMING CHARACTERISTICS 
^ ^ (VDD = +5V, Vss = -12V to -15V, 100% tested, TA = TMIN to TMAX, unless otherwise noted.) (Note 7) 

P A R A M E T E R 

CS to RD Setup Time 

S Y M B O L 

t c s 

CS to RD Hold Time 

CONVST Pulse Width 

RD Pulse Width 

Data-Access Time 

Bus-Rel inquish Time 

RD or CONVST lo BUSY 

CLKIN to BUSY or INT 

tCH 

tew 

t R W 

tDA 

tDH 

t B O 

tB1 

CONDIT IONS 
TA = +25 C 

MIN TYP MAX 

0 

0 

30 

TDA 

CLKIN to BUSY Low tB2 

RD to INT High 

BUSY or INT to Data Valid 

Acquis i t ion T ime (Note £ 

Aperture Delay (Note 8) 

Aperture Jitter (Note 8) 

tBD 

tAQ 

tAP 

Ci = 1 0 0 p F 

CL = 50pF 

CL = 50pF 

In mode 5 

40 

30 

30 

70 

45 

75 

50 

75 

110 

90 

CL - 50pF 

CL (Data) = 
1 0 0 e L 
CL (INT, BUSY) 
= 50pF 

30 50 

20 

350 

MAX12 C/E 

MIN TYP MAX 

_ i 

0 

30 

tDA 

100 

65 

100 

150 

120 

75 

30 

350 

10 

30 

MAX12_M 

MIN TYP MAX 

0 

0 

30 

tl)A 

120 

80 

120 

180 

150 

90 

400 

UNITS 

Note 7: Control inputs speci f ied with tr = tf = 5ns (10% to 90% of +5V) and t imed from a 1,6V vol tage level. Output delays are 
measured to +0.8V if go ing low, or +2.4V if go ing high. For bus-rel inquish time, a change of 0.5V is measured See 11 
1 and 2 for load circuits. 

Note 8: For des ign gu idance only, not tested. 

. Pin Description 

PIN N A M E 

MODE 

F U N C T I O N 

Mode Input - hard-wire to set_operatienal mode. 
VDD : Single conversion, [NT Output 
OPEN. Single conversion, BUSY Output 
DGND: Cont inuous conversions, BUSY Output 

2 Vss Negat ive Power Supply, -12V or -15V 

3 VDD Positive Power Supply. +5V 

4 AIN Sampl ing Analog Input, ±5V bipolar input range 

5 VREF -5V Reference Output - bypass to A G N D with 22^F II 0 1fiF 

y i / l y l X l y V I 



500ksps, 12-Bit ADCs 
with Track/Hold and Reference 

Pin Description (continued) 

PIN NAME FUNCTION 

6 AGND Analog Ground 

7-11. 
13-19 D11-D0 Three-State Data Outputs D11 (MSB) to DO (LSB) 

12 DGND Digital Ground 

20 C O l W S T Convert Start Input initiates convers ions on its fall ing edge 

21 CLKIN Clock Input. Drive with TTL-compat ib le c lock from 0.1MHz t o 8 M H z (MAX120), 0 1MHz to 5MHz (MAX 122). 

22 INT/BUSY Interrupt or Busy Output indicates converter status. If MODE is connected to VDD. configure for an INT output 
If MODE is open or connec ted to DGND, conf igure for a BUSY output. See operat ional d iagrams 

23 C S 
Chip Select Input - act ive low. When RD is low, enables the three-state outputs. II CONVST and f i l l a r e low 
convers ion is init iated on the fal l ing edge of CS. 

24 RD Read Input - act ive low. When CS is low, RD enables the three-state outputs. If CONVST and CS are low, a 
convsers ion is init iated on the tail ing edge of RD 

Detailed Description 
ADC Operation 

The MAX 120 /MAX122 use s u c c e s s i v e a p p r o x i m a t i o n a n d 
input T/H c i rcu i t ry to conve r t an ana log s igna l to a ser ies 
of 12-bit d ig i ta l -ou tpu t c o d e s . The cont ro l log ic in te r faces 
easi ly to mos t j iPs, requ i r ing only a few pass i ve c o m p o -
nents for mos t app l i ca t ions . The T /H d o e s not requi re an 
externa l capac i t o r . F igure 3 shows the M A X 1 2 0 / M A X 1 2 2 
in the s imp les t ope ra t i ona l con f igu ra t ion . 

Analog Input Track/Hold 
Figure 4 s h o w s the equ iva len t input c i rcui t , i l lust rat ing the 
s a m p l i n g a rch i tec tu re of the A D C s ana log c o m p a r a t o r . 
An internal buf fer c h a r g e s the ho ld capac i t o r to m in im ize 
the requ i red acqu is i t i on t ime b e t w e e n convers ions . The 
ana log input a p p e a r s as a 6k£2 resistor in para l le l w i th a 
10pF capac i t o r . 

Be tween convers ions , the buf fer input is c o n n e c t e d to A I N 
t h r o u g h the input res is tance. W h e n a conve rs ion starts, 
the buf fer input d i s c o n n e c t s f rom AIN, thus s a m p l i n g the 
input . At the e n d of the convers ion , the buf fer input 
r e c o n n e c t s to AIN, a n d the ho ld capac i t o r o n c e aga in 
c h a r g e s to the input vo l tage. 

The T/H is in t r ack ing m o d e wheneve r a conve rs ion is N O T 
in p rogress . Ho ld m o d e starts app rox ima te l y 10ns after 
a conve rs ion is ini t iated. Var iat ion in this de lay f rom o n e 
conve rs ion to the next (aper tu re jitter) is typ ica l ly 30ps . 
F igures 7 t h r o u g h 11 deta i l the T/H m o d e a n d in ter face 
t im ing for the var ious in ter face m o d e s . 

i'>V 

. ' 3k 
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[IliAj ami Vi a '< v'ui iao.i 

Figure I Load Circuits for At ;cess Time 
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Figure 2. Load Circuits for Bus-Relinquish Time 
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Figure 3. MAX 120/MAX122 in the Simplest Operational Mode 
(Continuous Con version) 

Internal Reference 
T h e M A X 1 2 0 / M A X 1 2 2 - 5 . 0 0 V b u r i e d - z e n e r r e f e r e n c e 

biases the internal DAC. The re ference ou tpu t is avail-
ab le at the VREF pin and must be b y p a s s e d to the 
A G N D pin with a 0.1 JJ.F ce ramic capac i to r in paral lel 
with a 22| IF or greater e lectro lyt ic capac i to r . The e lec-
trolyt ic capac i to r ' s equ iva lent ser ies res is tance (ESR) 
must be 100m£2 or less to proper ly c o m p e n s a t e the 
re ference output buf fer . Sanyo's o rgan ic s e m i c o n d u c -
tor works well. 

Sanyo Video Components (USA) 
Phone: (619) 661-6835 FAX: (619) 661-1055 

Sanyo Electric Company , LTD. (Japan) 
Phone: 0720-70-1005 FAX: 0720-70-1174 

Sanyo Fisher Vertr iebs G m b H (Germany) 
Phone: 06102-27041, ext. 44 FAX: 06102-27045 

Proper bypass ing minimizes reference noise and main-
tains a low impedance at high f requenc ies. The interna 
reference output buffer can sink up to a 5mA externa 
oad. 

An external reference vol tage can be used to overdr ive 
the MAX120/MAX122 's internal reference if it ranges from 
-5.05V to -5.10V and is capab le of sinking a min imum of 
5mA. The external VREF bypass capac i tors are still re-
qui red 

Figure 4 Equivalent Input Circuit 

Digital Interface 
External Clock 

The MAX120/MAX122 require a TTL-compat ib le c lock for 
proper operat ion. The MAX120 accep ts c locks in the 
0 .1MHz to 8MHz f requency range when operat ing in 
modes 1-4 (see Operating Modes section) The maxi-
mum c lock f requency is l imited to 6MHz when operat ing 
in mode 5. The MAX122 requires a 0 .1MHz to 5MHz 
c lock for operat ion in all five modes. The min imum clock 
f requency for both the MAX120 and MAX122 is l imited to 
0.1 MHz, due to the T/H's droop rate 

Clock and Control Synchronization 
lf_the c lock and convert start inputs (CONVST or RD and 
CS - see Operating Modes sect ion) are not synchronized, 
the convers ion t ime can vary from 13 to 14 c lock cycles 
The success ive approx imat ion register (SAR) always 
changes state on the CLKIN input's rising edge. To 
ensure a f ixed convers ion time, refer to Figure 5 and the 
fol lowing guidel ines. 

For a conversion t ime of 13 clock cycles, the convert start 
input(s) should go low at least 50ns before CLKIN's next 
rising edge. For a conversion time of 14 clock cycles, the 
conver t start mput(s) shou ld go low within 10ns of 
CLKIN's next rising edge. If the convert start input(s) go 
low from 10ns to 50ns before CLKIN's next rising edge, 
the number of c lock cyc les requi red is undef ined and can 
be either 13 or 14. For best analog per formance, syn-
chronize the convert start inputs with tho c lock input. 

6 / M y i x i y i / i 
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C O N V S T o r C S -

C L K I N 

- t C K -

I H t T I M I N G R F I A T I O N S H I P B E T W E E N C L K I N A N D C O N V S T OR R D D E T E R M I N E S IF A 
C L O C K C Y C L E S L I P S OR NOT. USE T H E F O L L O W I N G R U L E S 

IF tCK • 1 0 n s , C O N V E R S I O N T I M E - 1 4 t C L O C K E D G F S 
IF tCK 5 0 n s , C O N V E R S I O N T I M E - 1 3 ? C L O C K E D G E S 
IT 1 0 n s . . tCK •: 5 0 n s , C O N V E R S I O N T I M E IS I N D F T E R M I N A T E ( 1 3 OR 1 4 ) 

Figure 5 Clock and Control Synchronization 
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M O D F - O P F N 

D A T A O U T -

H O L D 
I R A C K " 

1 2 . , / 1 3 \ 

H I G H I M P E D A N C E 

H O L D 

Figure 7. Full-Control Mode (Mode t) 
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D A T A O U T H I G H 

I M P E D A N C E I M P E D A N C F 

Figure 6. Data-Accoss and Bus-Relinquish Timing 

Output Data Format 
The convers ion result is output on a 12-bit data bus with 
a 75ns da ta-access time. The output data format is 
tops-complement. The three input control signals (CS, 
RD, and CONVST), the INT/BUSY converter status output, 
and the 12 bits of output data can interface direct ly to a 
16-bit data bus. See Figure 6 for da ta-access t iming 

Timing and Control 
The MAX120/MAX122 have five operat ional modes as 
out l ined in Figures 7-11 and d iscussed in the Operating 
Modes sect ion 

Ful l -control m o d e (mode 1) p rov ides m a x i m u m cont ro l 
to the user for conver t start and da ta - read operat ions. 

Fu l l - con t ro l m o d e is for ( jPs w i th or w i thout wa i t - s ta te 
capab i l i t y . S tand-a lone m o d e ( m o d e 2) and con tmu-
ous-convers ion m o d e (mode 5) are for sys tems without 
| jPs, or for ( iP -based sys tems where the ADC and the 
| jP are l inked th rough first in, first out (FIFO) buffers or 
d i rec t m e m o r y a c c e s s ( D M A ) por ts . S l o w - m e m o r y 
m o d e (mode 3) is in tended for j iPs that can be fo rced 
into a wait state dur ing the ADC's convers ion t ime 
ROM m o d e (mode 4) is for | jPs that cannot be fo rced 
into a wai t state. 

In all five operat ing modes, the start of a convers ion is 
control led by one of three digital inputs: CONVST, RD, 
or CS. Figure 12 shows the logic equivalent lor the 
convers ion circuitry. In any operat ing mode, CONVST 
must be low for a conversion to occur . Once the conver-
sion is in progress, it cannot be restarted. 

Read operat ions are contro l led by RD and CS Both of 
these digital inputs must be low to read output data. The 
INT/BUSY output indicates the converter 's status and 
determines when the data from the most recent conver-
s ion is ava i l ab le . The M O D E input c o n f i g u r e s the 
INT/BUSY output as fol lows: 

If M O D E = VDD, INT/BUSY funct ions as an INTER-
RUPT output. In this conf igurat ion, INT/BUSY goes 
low when the convers ion is comple te and returns high 
after the conversion data has been read 

If M O D E is left open or tied to DGND, INT/BUSY 
funct ions as a BUSY output. In this case, INT/BUSY 
goes low at the start of a conversion and remains low 
until the convers ion is comple te and the data is 
avai lable at D0-D11 
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Figure 8 Stand-Alone Mode (Mode 2) Figure 9 Slow-Memory Mode (Mode 3) 

Initialization After Power-Up 
O n p o w e r - u p , the first M A X 1 2 0 / M A X 1 2 2 conve rs i on is 
va l id if the fo l low ing cond i t i ons are met : 

1) A l low 14 c lock c y c l e s for the internal T /H to enter 
the t rack m o d e , p lus a m i n i m u m of 3 5 0 n s in the 
t rack m o d e for the da ta -acqu is i t i on t ime, 

2) Make sure the re fe rence vo l t age has set t led. A l l ow 
0 .5ms for e a c h 1 juF of re fe rence b y p a s s c a p a c i -
t ance ( 1 1 m s for a 22 | iF capac i t o r ) . 

Operating Modes 
Mode 1: (Full-Control Mode) 

Figure 7 s h o w s the t im ing d i a g r a m for fu l l -cont ro l m o d e 
( m o d e 1). In this m o d e , the pP con t ro ls the conve rs ion -
start a n d d a t a - r e a d ope ra t i ons i ndependen t l y . 

A fa l l ing e d g e on C O N V S T p laces the T/H into ho ld m o d e 
a n d starts a conve rs ion in the SAR. The conve rs ion is 
c o m p l e t e in 13 or 14 c l ock c y c l e s as d i s c u s s e d in the 
Clock and Control Synchronization sec t ion . A c h a n g e in 
the INT/BUSY ou tpu t s tate s igna ls the e n d of a conve rs ion 
as fo l lows 

If M O D E = VDD , the e n d of conve rs ion is s i gna led by 
the INT/BUSY ou tpu t fa l l ing e d g e 

If M O D E = O P E N or D G N D , the INT/BUSY ou tpu t 
g o e s low whi le the conve rs ion is in p rog ress a n d 
returns h igh w h e n the conve rs ion is c o m p l e t e 

W h e n the conve rs i on is c o m p l e t e , the da ta can b o read 
w i thout in i t iat ing a new conve rs ion by pu l l ing RD a n d CS 
low a n d leav ing C O N V S T h igh. To start a new conve rs ion 
w i thout r ead ing data , RD a n d CS shou ld remain h igh 
w h i l e C O N V S T is dr iven low. To s imu l taneous ly read da ta 
a n d init iate a n e w conve rs ion , CONVST, RD, a n d CS 
shou ld all be pu l l ed low. Note: A l low at least 350ns for 
T/H acqu is i t i on t ime b e t w e e n the e n d of one conve rs ion 
a n d the b e g i n n i n g of the next. 

Mode 2: Stand-Alone Operation 
(MODE = OPEN, RD = CS = DGND) 

For sys tems that d o not use or requ i re fu l l -bus in te r fac ing , 
the M A X 1 2 0 / M A X 1 2 2 c a n be o p e r a t e d in s tand -a lone 
m o d e d i rec t ly l inked to m e m o r y t h r o u g h D M A por ts or a 
FIFO buf fer . In s tand -a lone m o d e , a conve rs ion is initi-
a ted by a fa l l ing e d g e on C O N V S T The da ta ou tpu ts are 
a lways e n a b l e d ; da ta c h a n g e s at the e n d of a conve rs i on 
as i nd i ca ted by a r is ing e d g e on INT/BUSY. See F igure 8 
for s tand -a lone m o d e t im ing . 

Mode 3: Slow-Memory Mode 
(CONVST = GND, MODE = OPEN) 

Taking RD and CS low p laces the T/H into hold m o d e and 
starts a convers ion. INT/BUSY remains low whi le the con-
version is in p rog ress and can be used as a wait input to 
the (JP. Data f rom the prev ious convers ion appea rs on the 
da ta bus until the convers ion e n d is ind ica ted by INT/BUSY. 
See Figure 9 for s low-memory m o d e t iming. 
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Figure 11. Continuous-Conversion Mode (Mode 5) 

Mode 4: ROM Mode 
(MODE = OPEN, CONVST = GND) 

In ROM mode, the MAX120/MAX122 behave like a fast-
access memory location and avoid p lac ing the j iP into a 
wait state. Pulling RD and CS low p laces the T/H in hold 
mode, starts a conversion, and reads data from the 
previous conversion. Data from the first read in a se-
quence is often d is regarded when this interface mode is 
used A s e c o n d read operat ion accesses the first 
conversion's result and also starts a new conversion. The 
t ime between success ive read operat ions must be longer 
than the sum of the T /H acqu i s i t i on t ime a n d the 
MAX120/MAX122 conversion t ime. See Figure 10 for 
R O M - m o d e t i m i n g . 

Mode 5: Continuous-Conversion Mode 
(CONVST = RD = CS = MODE = GND) 

For systems that do not use or require full-bus interfacing, 
the MAX120/MAX122 can operate in continuous-conver-

sion mode, direct ly l inked to memory through DMA ports 
or a FIFO buffer. In this mode, conversions are per-
formed cont inuously at the rate of one convers ion for 
every 14 c lock cycles, wh ich inc ludes 2 c lock cyc les lor 
the T/H acquisit ion time. To satisfy the 350ns minimum 
acquis i t ion t ime requirement within 2 c lock cyc les, the 
MAX120's max imum clock f requency is 6MHz when op-
erating in mode 5, 

The data outputs are always enabled and "new" data appears 
on the output bus at the end of a conversion as indicated by 
the INT/BUSY output rising edge. The MODE input should be 
hard-wired to GND, Pulling CS, RD, or CONVST high 
stops conversions. See Figure 11 for cont inuous-conver-
sion mode t iming. 

Applications Information 
Using FIFO Buffers 

Using FIFO memory to buffer blocks of data from the MAX120 
reduces |iP interrupt overhead time by enabling the |IP to 
process data while the MAX120, unassisted, writes conversion 
results to the FIFO. To retrieve a block of data, the |jP reads 
from the FIFO via a read-interrupt cycle. Read and write oper-
ations for the FIFO are completely asynchronous Figure 13 
shows the MAX120 operating in continuous-conversion mode 
(mode 5), writing data directly into the two IDT7200 256 x 9 FIFO 
buffers at the rate of 428ksps. The |iP is interrupted to read the 
accumulated data by the FIFOs half-full (HF) flag approximately 
three times per millisecond For operation at 500ksps, use an 
8MHz clock, and pulse CONVST at 500kHz. The full flag (FF) 
indicates that the FIFO is full. If this flag is ignored, data may be 
los t_ l f necessary, convers ions can be inhibited by pull-
ing CS, RD. or CONVST high. The FIFO's read cycle times are 
as fast as 15ns, satisfying most system speed requirements. 
The RESET input resets all data in the FIFO to zero 
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Figure 13. Using MAX 120 with FIFO Memory 

For s y n c h r o n o u s opera t ion , the C O N V S T pin m a y be 
u s e d to init iate convers ions , as d e s c r i b e d in the Operat-
ing Modes sec t ion ( M o d e 2: S tand -A lone Opera t ion) . 

Digital-Bus Noise 
If the A D C ' s da ta bus is ac t i ve du r i ng a conve rs ion , 
c o u p l i n g f rom the da ta p ins to the A D C c o m p a r a t o r c a n 
c a u s e errors. Us ing s l o w - m e m o r y m o d e ( m o d e 3) avo ids 
this p r o b l e m by p l ac i ng the | iP in a wai t state du r i ng the 
convers ion . If the da ta bus is ac t ive du r ing the conve r -
s ion in ei ther m o d e 1 or 4, use th ree-s ta te dr ivers to isolate 
the bus f rom the A D C . 

In R O M m o d e ( m o d e 4), c o n s i d e r a b l e d ig i ta l no ise is 
g e n e r a t e d in the A D C w h e n RD or CS g o h igh, d i sab l i ng 
the ou tpu t buf fers after a conve rs ion is s tar ted. This no ise 
c a n c a u s e errors if it o c c u r s at the s a m e instant the SAR 
la tches a c o m p a r a t o r dec is ion . To avo id this p rob lem, 
RD a n d CS s h o u l d be_active_for less than 1 c l o c k cyc le . 
If this is not poss ib le , RD or CS s h o u l d g o h igh c o i n c i d i n g 
wi th C L K I N ' s fa l l ing e d g e , s ince the c o m p a r a t o r ou tpu t 
is a lways l a t ched at CLK IN ' s r is ing e d g e 

Layout, Grounding, and Bypassing 
For best sys tem p e r f o r m a n c e , use pr in ted c i rcu i t b o a r d s 
wi th sepa ra te ana log a n d d ig i ta l g r o u n d p lanes Wire-
w r a p b o a r d s are not r e c o m m e n d e d . The two g r o u n d 
p lanes shou ld be t ied toge ther at the l o w - i m p e d a n c e 
p o w e r - s u p p l y sou rce , as s h o w n in F igure 14 

The b o a r d layout s h o u l d ensu re that d ig i ta l a n d ana log 
s igna l l ines are kept sepa ra te f rom e a c h other as m u c h 
as poss ib le . Do not run a n a l o g a n d d ig i ta l (espec ia l ly 
c lock ) l ines paral le l to o n e ano ther . 

The A D C ' s h i g h - s p e e d c o m p a r a t o r is sens i t ive to h igh-
f r e q u e n c y no ise in the VDD a n d Vss power supp l i es 
B y p a s s these s u p p l i e s to the ana log g r o u n d p lane wi th 
0 1(jF a n d 10|uF b y p a s s capac i to rs . M in imize c a p a c i t o r 
lead lengths for bes t noise re ject ion. If the +5V power 
s u p p l y is very noisy, c o n n e c t a 5L1 resistor , as s h o w n in 
F igure 14. F igure 15 s h o w s the nega t i ve p o w e r - s u p p l y 
(Vss) re jec t ion vs. f r equency . F igure 16 shows the pos-
itive p o w e r - s u p p l y (VDD) r e a c t i o n vs. f r equency , wi th 
a n d w i thout the op t iona l 512 resistor. 
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Figure 14 Power-Supply Grounding Figure 16. l/;in Power-Supply Rejection vs Frequency 

Figure 15. 1/ss Power-Supply Rejection vs. Frequency 

Gain and Offset Adjustment 
Figure 17 plots the bipolar input/output transfer funct ion 
for the MAX120/MAX122. Code transit ions occur hal fway 
between success ive integer LSB values. Output cod ing 
is t w o s - c o m p l e m e n t b i na r y w i th 1LSB = 2 . 4 4 m V 
(10V/4096). 

In appl icat ions where gain (ful l-scale range) ad justment 
is required, Figure 18's circuit can be used. If both offset 
and gain (ful l-scale range) need adjustment , either of the 
circuits in Figures 19 and 20 can be used. Offset should 
be adjusted before gain for either of these circui ts 

To adjust bipolar offset with Figure 19's circuit , app ly 
+ 1/2LSB (0.61 mV) to the noninvert ing amplif ier input and 
adjust R4 for ou tpu t -code fl icker be tween 0000 0000 
0000 and 0000 0000 0001 For full scale, apply FS -
1/2LSB (2.4988V) to the amplif ier input and adjust R2 so 
the output code f l ickers between 0111 1111 1110 and 
0111 1111 1111. There may be some interaction be-
tween these adjustments. The MAX120/MAX122 trans-
fer funct ion used in conjunct ion with Figure 19 s circuit is 
the same as Figure 17, except the ful l -scalo range is 
reduced to 2.5V. 

To adjust b ipolar offset with Figure 20's circuit , apply 
-1/2LSB (-1 22mV) at VIN and adjust R5 for output-code 
flicker between 0000 0000 0000 and 0000 0000 0001. For 
gain adjustment, app ly -FS + 1/2LSB (-4.9951V) at VIN and 
adjust R1 so the output code flickers between 0111 1111 
1110 and 0111 1111 1111. As with Figure 20's circuit, the 
offset and gain adjustments may interact. Figure 21 plots 
the transfer function for Figure 20's circuit. 

Dynamic Performance 
High-speed sampl ing capabi l i ty and 500ksps throughput 
(333ksps for the MAX122) make the MAX120/MAX122 
deal for w ideband-s igna l process ing. To support these 

and other related appl icat ions, fast fourier t ransform (FFT) 
test techn iques are used to guarantee the ADC's dynamic 
f requency response, distort ion, and noise at the rated 
throughput . Specif ical ly, this involves app ly ing a low-dis-
tort ion sine wave to the ADC input and record ing the 
digital conversion results for a speci f ied time. The data 
is then analyzed using an FFT algor i thm, which deter-
mines its spect ra l content . 
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Figure 17. Bipolar Transfer Function 
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Figure 18. Trim Circuit for Gain Only 

ADCs have tradit ionally been evaluated by speci f icat ions 
such as zero and ful l-scale error, integral nonlinearity 
(INL), and differential nonlinearity (DNL), Such parame-
ters are widely accep ted for spec i fy ing per fo rmance with 
DC and slowly vary ing signals, but are less useful in signal 
p rocess ing app l i ca t ions where the ADC's impac t on the 
system transfer funct ion is the main concern . The s ig-
n i f i cance of various DC errors does not translate well to 
the dynamic case, so dif ferent tests are required. 

Signal-to-Noise Ratio and 
Effective Number of Bits 

The signal- to-noise plus distort ion ratio (SINAD) is the 
ratio of the fundamenta l input f requency 's RMS ampl i tude 
to the RMS ampl i tude of all other ADC output signals. The 
output band is l imited to f requencies above DC and below 
one-half the ADC sample rate. 

Figure 20. Offset and Gam Adjustment (Inverting) 

The theoret ical min imum ADC noise is caused by quan-
tization error and is a direct result of the ADC's resolution 
SNR = (6.02N + 1.76)dB, where N is the number of bits 
of resolution, A perfect 12-bit ADC can, therefore, do no 
better than 74dB. An FFT plot shows the output level in 
various spectral bands. Figure 22 shows the result of 
sampl ing a pure 100kHz sinusoid at a 500ksps rate with 
the MAX120 

By t ranspos ing the equa t ion that conver ts resolut ion to 
SNR, we can, f rom the measu red SINAD, de te rmine the 
ef fect ive resolut ion (or e f fect ive number of bits) the 
ADC prov ides: N = (SINAD - 1 76)/6 02. Figure 22 
shows the ef fect ive number of bits as a funct ion of the 
input f r equency for the MAX 120. The MAX 122 per forms 
similar ly 
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Figure 22. MAX 120 FFT Plot 

Total Harmonic Distortion 
If a pure s ine w a v e is s a m p l e d by an A D C at greater than 
the Nyqu is t f r equency , the nonl inear i t ies in the A D C ' s 
t ransfer func t ion c rea te ha rmon i cs of the input f r e q u e n c y 
in the s a m p l e d ou tpu t da ta 

Total ha rmon i c d is tor t ion (THD) is the ratio of the RMS s u m 
of all h a r m o n i c s (in the f r e q u e n c y b a n d a b o v e DC a n d 
be low one-ha l f the s a m p l e rate, bu t not i nc lud ing the DC 
c o m p o n e n t ) to the RMS a m p l i t u d e of the f u n d a m e n t a l 
f r equency . This is e x p r e s s e d as fo l lows: 

V\/r> 2 -Tv-J 2 4- MA 2 

T H D = 20 log -

w h e r e V i is 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 , a n d V? 
to VN a re the a m p l i t u d e s of (he 2 n d t h r o u g h Nth 
h a r m o n i c s . T h e T H D s p e c i f i c a t i o n in t he Electrical 
Characteristics t a b l e i n c l u d e s t h e 2 n d t h r o u g h 5 th 
h a r m o n i c s . 

Intermodulation Distortion 
If the A D C inpu t s igna l c o n s i s t s of m o r e than o n e 
s p e c t r a l c o m p o n e n t , the A D C t rans fe r f u n c t i o n non-
l inear i t ies p r o d u c e i n t e r m o d u l a t i o n d i s to r t i on ( IMD) in 
a d d i t i o n to T H D . I M D is the c h a n g e in o n e s inuso ida l 
i npu t c a u s e d by the p r e s e n c e of ano the r s i nuso ida l 
i npu t at a d i f f e ren t f r e q u e n c y . 

If two p u r e s ine w a v e s of f r e q u e n c y fa a n d fb are 
a p p l i e d to the A D C input , non l i nea r i t i es in the A D C 
t rans fe r f u n c t i o n c r e a t e d i s to r t i on p r o d u c t s at s u m a n d 
d i f f e r e n c e f r e q u e n c i e s of mfa ± n fb , w h e r e m a n d n = 
0, 1 , 2 , 3, e tc . T H D i n c l u d e s t h o s e distortion p r o d u c t s 
w i th m or n e q u a l to zero . I n t e r m o d u l a t i o n d is to r t ion 
c o n s i s t s of all d i s to r t i on p r o d u c t s for w h i c h ne i ther m 
nor n e q u a l zero . For e x a m p l e , the 2 n d - o r d e r IMD 
t e r m s i n c l u d e ( fa + fb) a n d (fa - fb) wh i le the 3 r d - o r d e r 
IMD t e r m s i n c l u d e (2 fa + fb) , (2 fa - fb ) , ( fa + 2 fb) , a n d 
(fa - 2 fb ) . 

If the two input s ine w a v e s are equa l in magn i t ude , the 
va lue (in dec ibe l s ) of the 2 n d - o r d e r IMD p r o d u c t s c a n be 
e x p r e s s e d by the fo l low ing fo rmu la 

a m p l i t u d e at ( fa ± fb) 
IMD (fa ± fb) = 20 log 

a m p l i t u d e at fa 

• VN ' 

V i 
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Spurious-Free Dynamic Range 
S p u r i o u s - f r e e d y n a m i c r a n g e is t h e ra t i o o f t h e f u n d a m e n -
ta l R M S a m p l i t u d e to t h e a m p l i t u d e of t h e n e x t l a r g e s 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 - h a l f t h e s a m p l e ra te ) . U s u a l l y t h e n e x t 
l a r g e s t s p e c t r a l c o m p o n e n t o c c u r s a t 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 . H o w e v e r , if t h e A D C is e x c e p t i o n a l l y 
l i nea r , it m a y o c c u r o n l y a t a r a n d o m p e a k in the A D C ' s 
n o i s e f loor 

Chip Topography 

1 2 . 9 9 7 m m ) 

Ordering Information (continued) 

| PART TEMP. R A N G E P IN-PACKAGE ( L s B s ) 

|_MAX120EAG -40 C t o + 8 5 C 24 SSOP +1 

|_MAX120MRG -55 C to + 125 C 24 Narrow CERDIP ±2 

MAX122ACNG 0 C to +70 C 24 Narrow Plastic DIP 13/4 

MAX122BCNG 0 C t o + 7 0 ' C 24 Narrow Plastic DIP 11 

W x i 2 2 A C W G 0 C to -t 70 C 24 Wide SO +3/4 

I MAX 122BCWG 0 C to + 70 C 24 Wide SO 11 

J MAX122ACAG 0 C t o + 7 0 C 24 SSOP +3/4 

|_MAX122BCAG 0 C t o + 7 0 C 24 SSOP +1 

^MAX122BC/D 0 0 t o + 7 0 0 Dice" ±1 

MAX122AENG -40 C to +85 C 24 Narrow Plastic DIP +3/4 

' M A X 1 2 2 B E N G -40 C to +85 0 24 Narrow Plastic DIP +1 

I MAX 122AEWG -40 C to +85 C 24 Wide SO 13/4 

j MAX122BEWG -40 C t o + 8 5 C 24 Wide SO 11 

|_MAX122AEAG -40 0 to +85 C 24 SSOP +3/4 

^MAX122BEAG -40 0 t o + 8 5 0 24 SSOP 11 

MAX122BMRG -55 C to +125 C 24 Narrow CFRDIP +1 

JV1AX12DB/KIT4DIP' 0 ' C t o + 7 0 C Plastic DIP - Through Hole 

' Contact factory for dice specifications 
t MAX 120 EV kit can be used to evaluate the MAX 122, when 

ordering the EV kit. ask for a free sample of the MAX 122 

MAX120/MAX122 TRANSISTOR COUNT 1920: 
SUBSTRATE CONNECTED TO Voo. 
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500ksps, 12-Bit ADCs 
with Track/Hold and Reference 

_Package Information 

A2 i 
M M M P 

, A3 

B1 L e A " 

eB" 

DIM 
INCHES MILLIMETERS 

DIM 
MIN MAX MIN MAX 

A - 0.200 - 5.08 
A1 0.015 - 0.38 -

A2 0.125 0.150 3.18 3.81 
A3 0.055 0.080 1.40 2.03 
B 0.016 0.022 0.41 0.56 
B1 0.050 0.065 1.27 1.65 
C 0.008 0.012 0.20 0.30 
D 1.235 1.265 31.37 32.13 

D1 0.050 0.080 1.27 2.03 
E 0.300 0.325 7.62 8.26 

E1 0.240 0.280 6.10 7.11 
e 0.100 BSC 2.54 BSC 

E A 0.300 BSC 7.62 BSC 
E R - 0.400 - 10.16 
L 0.115 0.150 2.92 3.81 
a 0" 15" 0" 15" 

24-PIN PLASTIC 
DUAL-IN-LINE 

(NARROW) 
PACKAGE 

M M W W M W W 

INCHES 
MIN 

0.009 

MAX 

0.013 

0.050 BSC 
0.394 
0.010 

0.419 
0.030 
0.050 

MILLIMETERS 

0.23 
0.49 

1.27 BSC 
10.00 10.65 
0.25 0.75 
0.40 1.27 

i h x 45 

W t n n n n m m n i ) f * , 

T T ^ 
A1 V * 

r r . 

hi \ 
7 24-PIN PLASTIC 

SMALL-OUTLINE 
PACKAGE 

Y N > J X I / W 
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500ksps, 12-Bit ADCs 
with Track/Hold and Reference 

Package Information (continued) 

M M M M M * 

I t I 
E H 

DIM 
INCHES MILLIMETERS 

DIM 
MIN MAX MIN MAX 

A 0.068 0.078 1.73 1.99 
A1 0.002 0.008 0.05 0.21 
B 0.010 0.015 0.25 0.38 
C 0.005 0.009 0.13 0.22 
D 0.317 0.328 .807 8.33 
E 0.205 0.212 5.20 5.38 
e 0.0256 BSC 0.65 BSC 
H 0.301 0.311 7.65 7.90 
L 0.022 0.037 0.55 0.95 
u 0" 8" 0' 8' 

21-0002A 

D 
1 

L ^ M M M H H I 
M N I - F A 

JL — I 

A I I /*—|0.127mm| 
^ f • K 0.004in. I 

A1 

u 
T 24-PIN PLASTIC 

SHRINK 
SMALL-OUTLINE 

PACKAGE 

Maxim cannot assume responsibility for use or any circuitry oilier man circuitrv entirely embodied m a Maxim product No circuit pcuoni ucenscs are 
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