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~Nat1onal 
~ Semiconductor 

ADC1001/ADC102110-Bit fLP Compatible AID Converters 

General Description 
The ADC100l and ADC1021 are CMOS, 10-bit successive 
approximation AID converters. The 20-pin ADC100l is pin 
compatible with the ADC0801 8-bit AID family. The 10-bit 
data word is read in two 8-bit bytes, formatted left justified 
and high byte first. The six least significant bits of the sec­
ond byte are set to zero, as is proper for a 16-bit word. 

The 24-pin ADC1021 outputs 10 bits parallel and is intended 
for interlace to a 16-bit data bus. 

Differential inputs provide low frequency input common 
mode rejection and allow offsetting the analog range of the 
converter. In addition, the reference input can be adjusted 
enabling the conversion of reduced analog ranges with 10-
bit resolution. 

Features 
• ADC100l is pin compatible with ADC0801 series 8-bit 

AID converters 
• Compatible with NSC800 and 8080 ,..p derivatives-no 

interlacing logic needed 

Connection Diagrams 
ADC100l (for an 8-bit data bus) 

Dual-In-Llne Package 

\..../ 
CS-l 20 I-Vcc(OR VREF) 

Rii- 2 191-ClK R 

iVR-3 181- BIT 2 0 

ClK IN- 4 171- BIT 3 0 

INTR- 5 161- BIT 4 0 

VIN(+)- 6 151- BIT 5 0 

VIN(-)- 7 141- BIT 6 0 

A GND- 8 131- BIT 7 0 

VREF/2- 9 12J- aIT 8 aIT O(LSB) 

D GND- 10 llJ-(IoiSB)BIT 9 BIT 1 

19 BYTE 2!:!!1 BYTE 
TUH/5675-11 

Top View 

Ordering Information 
Temperature Range O'Cto +70'C 

• Easily interlaced to 6800 ,..p derivatives with minimal 
external logic 

• Differential analog voltage inputs 
• Logic inputs and outputs meet both MOS and TTL volt-

age level specifications 
• Works with 2.5V (LM336) voltage reference 
• On-chip clock generator 
• OV to 5V analog input voltage range with single 5V sup­

ply 
• Operates ratiometrically or with 5 Voc, 2.5 Voc, or ana­

log span adjusted voltage reference 
• 0.3" standard width 20-pin DIP package or 24 pins with 

1 O-bit parallel output 

Key Specifications 
• Resolution 
• Linearity error 
• Conversion time 

10 bits 
±1 LSB 

200,..S 

ADC102l (for alll0·bit outputs in parallel) 
Dual·ln·Line Package 

CS-l 

Rii- 2 

iVR-3 

ClK IN- 4 

INTR- 5 

V1N(+)- 6 

V1N(-)- 7 

A GND- 8 

VREF/2- 9 

BIT 1- 10 

(lSB)BITO-ll 

D GND- 12 

Top View 

24 J-Vcc(OR VREF) 

23 ~ClK R 

221-0' 

211-0' 

20l-BIT2 

19 J-BIT3 

181-BIT4 

171-BIT5 

161-BITS 

151-BIT7 

14 t-BIT8 

13 J-BIT9 (IoiSB) 

TL/H/5675-12 

'TRI-5TATE output buffers which output 0 during RD. 

- 40'C to + 85'C 

Order Number ADC1 001 CCJ-1 I ADC1 021 CCJ-1 ADC1001CCJ J ADC1 021 CCJ 

Package Outline J20A I J24A J20A I J24A 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions (Notes 1 &2) 

If Military/Aerospace specified devices are required, Temperature Range TMIN ,;;TA';;TMAX 
please contact the National Semiconductor Sales ADC1001CCJ -40'C';;TA';; +85'C 
Office/Distributors for availability and specifications. 

ADC1021CCJ 
Supply Voltage (Vccl (Note 3) 6.5V ADC1 001 CCJ-1 O'C,;;TA';; +70'C 
Logic Control Inputs -0.3Vto +18V 

ADC1 021 CCJ-1 
Voltage at Other Inputs and Outputs -0.3V to (Vcc+0.3V) 

Range of VCC 4.5 VOC to 6.3 VOC 
Storage Temperature Range -65'C to + 150'C 

Package Dissipation at T A = 25'C 875mW 

Lead Temp. (Soldering. 10 seconds) 300'C 

ESD Susceptibility (Note 10) 800V 

Converter Characteristics 
Converter Specifications: VCC= 5 VOC. VREF/2 = 2.500 VOC. T MIN,;;T A,;;T MAX and fCLK= 410kHz unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

ADC1001C. ADC1021C: 
Linearity Error ±1 LSB 
Zero Error ±2 LSB 
FUll-Scale Error ±2 LSB 

Total Ladder Resistance (Note 9) Input Resistance at Pin 9 2.2 4.8 KO 

Analog Input Voltage Range (Note 4) V(+) orV(-) GND-0.05 Vcc+O.05 VOC 

DC Common-Mode Error Over Analog Input Voltage Range ±% LSB 

Power Supply Sensitivity Vcc=5 Voc±5% Over ±% LSB 

Allowed VIN( +) and VIN( -) 
Voltage Range (Note 4) 

AC Electrical Characteristics 
Timing Specifications: Vcc=5 VOC and TA=25'C unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

Tc Conversion Time (Note 5) 80 90 1/fCLK 
fCLK=410 kHz 196 219 ,...S 

fCLK Clock Frequency (Note 8) 100 1260 kHz 

Clock Duty Cycle 40 60 % 

CR Conversion Rate In Free-Running INTR tied to WR with 4600 conv/s 
Mode CS=O Voc. fCLK=410 kHz 

tW(WR)L Width of WR Input (Start Pulse CS=O VOC (Note 6) 150 ns 
Width) 

tACC Access Time (Delay from CL=100pF 170 300 ns 
Falling Edge of RD to Output 
Data Valid) 

t1H. tOH TRI-STATE® Control (Delay CL =10 pF. RL =10k 125 200 ns 
from Rising Edge of RD to (See TRI-STATE Test 
Hi-ZState) Circuits) 

tWI.tRI Delay from Falling Edge 300 450 ns 
of WR or RD to Reset of INTR 

t1rs INTR to 1st Read Set-Up Time 550 400 ns 

CIN Input Capacitance of Logic 5 7.5 pF 
Control Inputs 

COUT TRI-STATE Output 5 7.5 pF 
Capacitance (Data Buffers) 
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DC Electrical Characteristics 
The following specifications apply for Vee=5 VDe and TMINS:TAS: TMAX, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

CONTROL INPUTS [Note: ClK IN is the input of a Schmitt trigger circuit and is therefore specified separately] 

VIN (1) logical "1" Input Voltage Vee = 5.25 VDe 2.0 15 VDe 
(Except ClK IN) 

VIN(O) logical "0" Input Voltage Vee = 4.75 VDe 0.8 VDe 
(Except ClK IN) 

liN (1) logical "1" Input Current VIN=5VDe 0.005 1 /LADe 
(All Inputs) 

liN (0) logical "0" input Current VIN=OVDe -1 -0.005 /LADe 
(All Inputs) 

CLOCK IN 

VT+ ClK IN Positive Going 2.7 3.1 3.5 VDe 
Threshold Voltage 

VT- ClK IN Negative Going 1.5 1.8 2.1 VDe 
Threshold Voltage 

VH ClK IN Hysteresis 0.6 1.3 2.0 VDe 

(VT+)-(Vr-"l 

OUTPUTS AND INTR 

VOUT(O) logical "0" Output Voltage 10UT= 1.6 mA, Vee = 4.75 Vbe 0.4· VDe 

VOUT(I) logical "1" Output Voltage 10= -360 /LA, Vee = 4.75 VDe 2.4 VDe 

10= -10 /lA, Vee=4.75 VDe 4.5 VDe 

lOUT TRI-STATE Disabled Output VOUT=O.4 VDe 0.1 -100 /lADe 
leakage (All Data Buffers) VOUT=5 VDe 0.1 3 /lADe 

ISOUReE VOUT Short to GND, T A = 25°C 4.5 6 mADe 

ISINK VOUT Short to Vee, T A = 25°C 9.0 16 mADe 

POWER SUPPLY 

Icc Supply Current (Includes feLK=410 kHz, 

Ladder Current) VREF/2=NC, TA=25°C 

andCS=1 2.5 5.0 mA 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specmed. The separate A GND point should always be wired to the D GND. 

Note 3: A zener diode exists, internally, from Vee to GND and has a typical breakdown voltage of 7 Voc. 

Note 4: For VIN( -) <: VIN( +) the dig~al output code will be all zeros. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the VCC supply. Be careful, during testing at low Vee levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near fullseale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by mpre than 50 mV, the output 
code will be correct. To achieve an absolute a Voc to 5 VDC input voltage range will therefore require a minimum supply voltage of 4.950 Voc over temperature 
variations, initial tolerance and loading. 

Note 5: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The 
start request is internally latched. see Figure 1. 

Note 6: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold 
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams). 

Note 7: All typical values are for T A ~ 25°C. 

Note 8: Accuracy is guaranteed at fCLK~410 kHz. At higher clock frequencies accuracy can degrade. 

Note 9: The VREF/2 pin is the center point of a two resistor divider (each resistor is 2.4kll) connected from Vee to ground. Total ladder input resistance is the sum 
of \hese two equal resistors. 

Note 10: Human body model, 100 pF discharged through a 1.5 kll resistor. 
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Typical Performance Characteristics 

logic Input Threshold 
Voltage vs Supply Voltage 
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Delay From Falling Edge of 
RD to Output Data Valid 
vs load Capacitance 

500 EEEEEEEEEE 
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LOAD CAPACITANCE (pF) 

Output Current vs 
Temperature 

Vcc- 5Voc 

I-+*+-+-+-j-DATA DUTPUTf-
BUFFERS I 

I 
i'- .I 

ISINK 
H++-il-VOUT = 0.4 VDC 
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ClK IN Schmitt Trip levels 
vs Supply Voltage 
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TRI-STATE Test Circuits and Waveforms 
tlH 

VCC 

ifii DATA 

CL.-L 

OUTPUT 

10k 

I ~ 

tOH 

Vcc VCC 

10k 

• 
iiii DATA 

OUTPUT 

CL--

":' ~ 

TL/H/5675-3 

TLlH/5675-5 
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t1H. CL ~ 10 pF 

-',f--
VCC {s90% 

ifii '11:0% 

DATA ::: ~~IH 
OUTPUTS "'-

GND -------== 

tOH. CL = 10 pF 
-',I':"'" 

1!li 50% 
vcc --f90% 

GND ----' 10% 

~
OH 

Vcc ---
DATA 

OUTPUTS 10% 
VOL 

t,~20 ns 

TLlH/5675-4 
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Timing Diagrams 

START 
CONVERSION 

\ I CI 
foI 

"BUSY" 

ACT~~~~~~~:~ ____________________ +-____ +-__ -<I ____ ~"N~O~T~BU~SY~" __ -J 

CDNVERTER 
1 TO B. I/fCLK ----l-----INTERNAL TC 

(LAST DATA WAS READI 

iIlTII 
(LAST DATA WAS NOT REAOI -----------

Output Enable and Reset INTR 

lI/fii RESET 

2NDRO\ / 
""'---. --J 

DATA IS VALID IN 
OUTPUT LATCHES 

lIZTCLK 

TL/H/5675-7 

TRI·STATe® J ... __ L_S_J}-_-
---- - -- - '- BYTE _ 

'The 24-pin ADC1021 outputs all 10 bits on each RD. 

Note: All liming is measured from the 50% voltage pOints. 

BYTE SEQUENCING FOR THE 20·PIN ADC1001 

Byte 8·Bit Data Bus Connection 
Order DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

MSB 
1st Bit9 Bit8 Bit7 Bit6 Bit 5 Bit 4 Bit3 Bit2 

LSB 
2nd Bit 1 Bit 0 0 0 0 0 0 0 
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Functional Description 
The ADC1001, ADC1021 use an advanced potentiometric 
resistive ladder network. The analog inputs, as well as the 
taps of this ladder network, are switched into a weighted 
capacitor array. The output of this capacitor array is the in­
put to a sampled data comparator. This comparator allows 
the successive approximation logic to match the analog dif­
ference input voltage [VIN(+)-VIN(-)j to taps on the R 
network. The most significant bit is tested first and after 10 
comparisons (80 clock cycles) a digital 10-bit binary code 
(all "1 "s = full-scale) is transferred to an output latch and 
then an interrupt is asserted (INTR makes a high-to-Iow 
transition). The device may be operated in the free-running 
mode by connecting INTR to the WR inut with CS=O. To 
ensure start-up under all possible conditions, an external 
WR pulse is required during the first power-up cycle. A con­
version in process can be interrupted by issuing a second 
start command. 

On the high-to-Iow transition of the WR input the internal 
SAR latches and the shift register stages are reset. As long 
as the CS input and WR input remain low, the AID will re­
main in a reset state. Conversion will start from 1 to 8 clock 
periods after at least one of these inputs makes a low-to­
high transition. 

A functional diagram of the AID converter is shown in Fig­
ure 1. All of the inputs and outputs are shown and the major 
logic control paths are drawn in heavier weight lines. 

The conversion is initialized by taking CS and WR simulta­
neously low. This sets the start flip-flop (F IF) and the result­
ing "1" level resets the 8-bit shift register, resets the Inter­
rupt (INTR) F/F and inputs a "1" to the D flop, F/F1, which 
is at the input end of the 10-bit shift register. Internal clock 
signals then transfer this "1" to the Q output of F/F1. The 
AND gate, Gl, combines this "1" output with a clock signal 
to provide a reset signal to the start F/F. If the set signal is 
no longer present (either WR or CS is a "1 ") the start F/F is 
reset and the 10-bit shift register then can have the "1" 

5V 

ADC1001, ADC1021 

1.0M 
10k :>I!_ ..... W\r-.... -.....jVIN(-) 

-5V 

~ 100 
~ 

NOTE: VIN( -) should be biased so 
that VIN(-)~ -O.05V when potentiometer 
wiper is sat at most negative 
voltage position. 

FIGURE 2. Zero Adjust Circuit 

TL/H/5675-9 
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clocked in, which allows the conversion process to contin­
ue. If the set signal were to still be present, this reset pulse 
would have no effect and the 10-bit shift register would con­
tinue to be held in the reset mode. This logic therefore al· 
lows for wide CS and WR signals and the converter will start 
after at least one of these signals returns high and the inter­
nal clocks again provide a reset signal for the start F/F. 

After the "1" is clocked through the 1 O-bit shift register 
(which completes the SAR search) it causes the new digital 
word to transfer to the TRI-STATE output latches. When 
this XFER signal makes a high-to-Iow transition the one 
shot fires, setting the INTR F/F. An inverting buffer then 
supplies the INTR output signal. 

Note that this SET control of the INTR F/F remains low for 
aproximately 400 ns. If the data output is continuously en­
abled (CS and RD both held low), the INTR output will still 
signal the end of the conversion (by a high-to·low tran­
sition), because the SET input can control the Q output of 
the INTR F/F even though the RESET input is constantly at 
a "1" level. This INTR output will therefore stay low for the 
duration of the SET signal. 

When data is to be read, the combination of both CS and 
RD being low will cause the INTR F/F to be reset and the 
TRI·STATE output latches will be enabled. 

Zero and Full-Scale Adjustment 

Zero error can be adjusted as shown in Figure 2. VIN( +) is 
forced to + 2.5 mV (+ '12 LSB) and the potentiometer is 
adjusted until the digital output code changes from 00 0000 
0000 to 00 0000 0001. 

Full-scale is adjusted as shown in Figure 3, with the VREF/2 
input. With VIN (+) forced to the desired full-scale voltage 
less 1'12 LSBs (VFS -1 '12 LSBs), VREF/2 is adjusted until 
the digital output code changes from 11 1111 1110 to 11 
11111111. 

(Vee) 5V 

~ 

~lk 
ADC1001, ADC1021 

VREF/2 

10k 
~ 

'"" ~LM336 ~ 

-
TL/H/5675-10 

FIGURE 3. Full-Scale Adjust 

J> 
C o ..... 
o 
o ..... ...... 
J> 
C o ..... 
o 
N ..... 

• 



.... 
N o .... 
o 
C 
<C ...... .... 
o o .... 
o 
C 
<C 

Typical Application 
5V 

Cf VCC 
20 

iiii 19 
CLK R 

Wii 10k TRANSDUCER 

Block Diagram 

VCC IVREFIC>---.... 

" 12 

13 

14 

15 

16 

17 

18 

LADDER 
AND 

DECODER 

VREFl2o---~~--"",*-" 

AGND 
':" VCC 

DAC 

VIOUTI 

V'NI>I o-"-I-.c.2;J-~ 

[lffii 

DB7 

DB6 

DB5 

OM 

DB3 

DB2 

OBI 

DBO 

CLK IN 

ADCIDDI VINI» 

VINI-) 
IFF INPUTS 

INPUT PROTECTION 
FOR ALL LOGIC INPUTS 

INPUT 

~TO INTERNAL 
CIRCUITS 

8V"30V 

SAR 
LATCH 

INDTEZ) 

RESET 

CLK B 

CLK8 

~ 
-11-400ns AOCIOZI24·PIN 

nINOTE~~:::::::::::::~[=:')-____________ -;,~~~;,;:-" ________________ -;;r,~ 
ft" C TRI.STATE CONTROL RESET 

"I'" OUTPUT ENABLE 

Note I: CS shown twice for clarity. 

Note 2: SAR ~ Successive Approximation Register. FIGURE 1 

3-210 

III-BIT RESOLUTION 
OVER ANY DESIRED 
ANALOG INPUT 
VOLTAGE RANGE 

TL1H/5675-1 

START CONVERSION 
IF RESET' ''0'' 

INTR F/F 

TLlH/5675-13 


