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D/A-A/D Products 

NAnONAL 

LM199/LM299/LM399 precision reference 
general description 
The LM'199/LM299/LM399 are precision, temperature· 
stabilized monolithic zeners offering temperature 
coefficients a factor of ten better than high quality 
reference zeners. Constructed on a single monolithic 
chip is a temperature stabilizer circuit and an active 
reference zener. The active circuitry reduces the dynamic 
impedance of the zener to about 0.511 and allows the 
zener to operate over 0.5 mA to 10 mA current range 
with essentially no change in voltage or temperature 
coefficient. Further, a new subsurface zener structure 
gives low noise and excellent long term stability com· 
pared to ordinary monolithic zeners. The package is 
supplied with a thermal shield to minimize heater power 
and improve temperature regulation. 

The LM199 series references are exceptionally easy to 
use and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling. Also, the 
LM199 is free of voltage shifts due to stress on the leads: 
Finally, since the unit is temperature stabilized, warm up 
time is fast. 

The LM199 can be used in almost any application in 
place of ordinary zeners with improved performance. 
Some ideal applications are analog to digital converters, 

schematic diagrams 

., 

" 
�L�-�-�-�-�-�-�-�-�-�4�-�-�-�4�-�-�-�4�-�-�-�~�-�-�-�-�-�4�-�-�-�-�4�-�-�-�~�4� v-

Temperature Stabilizer 

connection diagram 

Metal Can Package 

�~� 
�~� 

TO'VtEW 

Order Nu mbar 
LM199H 
LM299H 
LM399H 

See Package 25 

calibration standards, precision voltage or current sources 
or precision power supplies. Further in many cases the 
LM199 can replace references in existing equipment 
with a minimum of wiring changes. 

The LM 199 series devices are packaged in a standard 
hermetic TO·46 package inside a thermal shield. The 
LM199 is rated for operation from -55°C to +125°C 
while the LM299 is rated for operation from -25°C to 
+85°C and the LM399 is rated from O°C to +70°C. 

features 

• Guaranteed 0.0001 %tc temperature coefficient 
• Low dynamic impedance - 0.511 
• I nitial tolerance on breakdown voltage - 2% 
• Sharp breakdown at 400llA 
• Wide operating current - 500llA to 10 mA 
• Wide supply range for temperature stabilizer 
• Guaranteed low noise 
• Low power for stabilization - 300 mW at 25°C 
• Long term stabil ity - 20 ppm 

311pf 

'Uk 

" 

D3 
8.3V 

Reference 

u. 

2 -

functional block diagram 
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absolute maximum ratings 

Temperature Stabilizer Voltage 40V , 

Reverse Breakdown Current 20mA 
Forward Current 1 mA 

Reference to Substrate Voltage VIAS) (Note 1) +40V 
-<l.lV 

Operating Temperature Range 
LM199 --55°C to +125°C 

LM299 -25°C to +85°C 

LM399 O°C to +70°C 

Storage Temperature Range -55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics (Note 2) 

LM199/LM299 LM399 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Reverse Breakdown Voltage 0.5 mA::; I R ::; 10 mA 6.8 6.95 7.1 6.6 6.95 7.3 V 

Reverse Breakdown Voltage 0.5 mA ::; I ::; 10 mA 6 9 6 12 mV 

Change With Current 

Reverse Dynamic Impedance IR = 1 mA 0.5 1 0.5 1.5 n 
Reverse Breakdown -55°C::; TA ::; 85°C } 0.00003 0.0001 %/oC 

85°C::; T A ::; 125°C 
LM199 

%fC Temperature Coefficient 0.0005 0.0015 

-25°C::;TA ::;85°C LM299 0.00003 0.0001 %fC 

0° C ::; T A ::; 70° C LM399 0.00003 0.0002 %/oC 

RMS Noise 10 Hz::;f::; 10kHz 7 20 7 50 MV 

Long Term Stability Stabilized, 22°C::; T A ::; 28°C, 20 20 ppm 

1000 Hours, I R = 1 mA ±0.1 % 

Temperature Stabilizer TA = 25°C, Still Air, Vs = 30V 8.5 14 8.5 15 
mA 

Supply Current TA =-55°C 22 28 

Temperature Stabilizer 9 40 9 40 V 

Supply Voltage (Note 3) 

Warm·Up Time to 0.05% Vs= 30V, T A = 25°C 3 3 Seconds 

Initial Turn·on Current 9::;Vs ::;40,TA =25°C 140 200 140 200 mA 

Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either 
terminal of the reference is 40V more positive or 0.1 V more negative than the substrate. 
Note 2: These specifications apply for 30V applied to the temperature stabilizer and ~55°C ~ T A ~ +12SoC for the LM199; -25°C ~ T A ~ +85'C 
for the LM299 and 0° C ~ T A ~ + 70° C for the LM399. 
Note 3: CAUTION. If the device is operated for more than 60 seconds with heater supply voltage between 2V and 9V the heater temperature control 
circuitry is not properly biased and the device can rise to approximately +150°C. 



typical performance characteristics 
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Reverse Characteristics 

10-2 

10-3 

10-4 ~ :;:::: ~ 

I 
10-5 

6.25 

")1fABlU~ED 
{T, 090 C} I 

6.45 6.65 6.85 7.05 

REVERSE VOLTAGE (V) 

Zener Noise Voltage 
200 

150 

\ 
100 ~ STABILIZED (T) :::: 90"C) _ 

"'- TI = 25"C 

50 

10 100 lk 10k lOOk 

FREUUENCY (Hz) 

Initial Heater Current 

250 

VHI ~ 4riV 

200 

r-.. I'-. 
150 

100 

....... r--. 
I'-. 

50 

..... I-
-55 -35 -15 5 25 45 65 85 105 125 

TURN ON TEMPERATURE (OC) 

0;-
-1 .g 

.... 
:> 

!; -2 
0 

-3 

-4 

160 

140 

;; 120 .g 
.... 100 .. 
'" '" :> 

80 
u 

'" 60 
.... 
~ 40 

20 

Reverse Voltage Change 

10 

REVERSE CURRENT (mA) 

Stabilization Time 

TA ;I Z5 'C --
I I 

,~~ ~-i5C 

I I 
I 

, 
VH i 15V , 

12 16 20 

HEATER ON TIME - (SEC) 

Heater Current 

TA = 25"C 

'I'-.. f'. I/VH tJ -f-
VI VH ~20V_ f-I\-Vj \ r::: VH ~ 30V K/ VH~40V-f-

,I 1'-
f\.'N 

o 2 4 6 8 10 12 14 16 18 

TIME {SEC} 

Low'Frequency Noise Voltage 

10 

TIME (MINUTES) 

8-7 

Dynamic Impedance 
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typical applications 

Single Supply Operation 

9V TO 40V ---i~-----. 

TEMPERATURE 
STABILIZER 

6.95V 

Negative Heater Supply with 
Positive Reference 

R, 

Split Supply Operation 

+15V-,-.... -----. 

-15V 

Buffered Reference 
With Single Supply 

+15V-------..., +15V--.... ----... --------, 

-9VTO 
-J3V 

TEMPERATURE 
STABILIZER 

6.95V 

7.5k 

TEMPERATURE 
STABILIZER 

6.95V 

Positive Current Source 

7.5k 

lOVTO 40V-.... -,---... --.... ------.... -----, 

Standard Cell Replacement 

TO~~~--.... -----~~---------------, 

TEMPERATURE 
STABILIZER 

6.95.V 

7.5k 

12k 
0.1% 

20k 

2k 
0.1% 

8-8 

350 
0.1% 

9k 

OUTPUT 

10V 



typical applications. (con 't) 

Negative Current Source 

7.Sk 

300 

_25V ___ ~ ____ "" __ "" ____ "" ________ ..J 

Square Wave Voltage Reference 

+15V 

lOpF 
1.Sk SDk ~ 

.--NV---.... --.J'VII ...... - ..... ..--+'-! .-- OUTPUT 

TEMPERATURE 
STABILIZER 

6.9SV 

LM199 

tOOk 

lN457 

OTO -tOY 
INPUT 

SQUARE WAVE 

14V Reference 

TEMPERATURE 
STABILIZER 

TEMPERATURE 
STABILIZER 

6.9SV 

LM199 

G.9SV 

LM199 

Portable Calibrator* 

-L 

[ 
-12V TO 

18V--

-

lOOk 

r--

] TEMPERATURE 
STABILIZER ~ 

6.95V'.j ~ 

lM199 
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~~7 
lMt12 
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/' 

'" 1% 

3k 

[1 TRIM 

S.8k 
1% 
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5k 

·Warrn·uptimel0seconds;intermittantopetationdoesnotdegrade long term stabihty, 

Precision Clamp* 

CLAMP 
INPUT 

OUTPUT 
IOV 

+-------..... ..---OUTPUT 

+15V--.... ----., 

15k 

TEMPERATURE 
STABILIZER 

G.9SV 

lM199 lN914 

*Clamp will sink 5 rnA when input goes more positive than reference. 
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typical applications (con't) 

OV to 20V Power Reference 

25V T040V---t-----... --------------~ ..... ------__. 

TEMPERATURE 
STA81l1ZER 

6.95V 

lM199 

6k 

Bipolar Output Reference 

+15V--_ ..... -----, 

-15V 

TEMPERATURE 
STABILIZER 

6.95V 

lMlg9 

1.5k 

5O').f_--....:!.l 

8-10 

-5V 

50' 

OUTPUT t 6.9V 

-15V 30 pF 

lM195K 
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D/A-A/D Products 

NAnONAL 

LM199A/LM299A/LM399A precision reference 
general description 
The LM 199A/LM299A/LM399A are precision, tempera­
ture-stabilized monolithic zeners offering temperature 
coefficients a factor of ten better than high quality 
reference zeners. Constructed on a single monol ithic 
chip is a temperature stabilizer circuit and an active 
reference zener. The active circuitry reduces the dynamic 
impedance of the zener to about 0.5£1 and allows the 
zener to operate over 0.5 mA to 10 mA current range 
with essentially no change in voltage or temperature 
coefficient. Further, a new subsurface zener structure 
gives low noise and excellent long term stability com­
pared to ordinary monolithic zeners. The package is 
supplied with a thermal shield to minimize heater power 
and improve temperature regulation. 

The LM 199A series references are exceptionally easy to 
use and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling. Also, the 
LM 199A is free of voltage sh ifts due to stress on the 
leads. Finally, since the unit is temperature stabilized, 
warm up time is fast. 

The LM199A can be used in almost any application in 
place of ordinary zeners with improved performance. 
Some ideal applications are analog to digital converters, 

schematic diagrams 

QI 

Temperature Stabilizer 

connection diagram 

Metal Can Package 

~ 
~ 

TOP VIEW 

Order Number 
LM199AH 
LM299AH 
LM399AH 

See Package 25 

calibration standards, precision voltage or current sources 
or precision power supplies. Further in many cases the 
LM 199A can replace references in existing equipment 
with a minimum of wiring changes. 

The LM 199A series devices are packaged in a standard 
hermetic T0-46 package inside a thermal shield. The 
LM199 is rated for operation from -55°C to +125°C 
while the LM299A is rated for operation from -25°C 
to +85°C and the LM399A is rated from O°C to +70°C. 

features 

• Guaranteed 0.00005%tC temperature coefficient 

• Low dynamic impedance - 0.5£1 

• Initial tolerance on breakdown voltage - 2% 

• Sharp breakdown at 400/.lA 
• Wide operating current - 500/.lA to 10 mA 
• Wide supply range for temperature stabilizer 

• Guaranteed low noise 
• Low power for stabilization - 300 mW at 25°C 

• Long term stability - 20 ppm 

30k 

30pf 
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03 
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Reference 

2.6k 

functional block diagram 
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absolute maximum ratings 

Temperature Stabilizer Voltage 

Reverse Breakdown Current 
Forward Current 

Reference to Substrate Voltage V(RS) (Note 1) 

Operating Temperature Range 

LM199A 
LM299A 

LM399A 
,Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

electrical characteristics (Note 2) 

40V 

20mA 

1 mA 
+40V 

--{).1 V 

-55°C to +125°C 
-25°C to +85°C 

O°C to +70oe 
-55°C to +150°C 

300°C 

LM199A, LM299A 
PARAMETER CONDITIONS 

MIN TYP MAX 

Reverse Breakdown Voltage 0.5mA::;IR::;10mA 6.8 6.95 7.1 

Reverse Breakdown Voltage 0.5mA::;IR::;10mA 6 9 

Change With Current 

Reverse Dynamic Impedance IR = 1 mA 0.5 1 

Reverse Breakdown -55°C<TA <850C} 0.00002 0.00005 

85°C::; T A::; 125°C 
LM199A 

Temperature Coefficient 0.0005 0.0010 

-25°C::; T A ::; 85°C LM299A 0.00002 0.00005 

DoC::; T A :S; 70°C LM399A 

RMS Noise 10 Hz::;f::; 10kHz 7 20 

Long Term Stability Stabilized, 22°C::; T A::; 28°C, 20 

1000 Hours, I R = 1 mA ±0.1% 

Temperature Stabilizer T A = 25°C, Still Air, Vs = 30V 8.5 14 

Su pply Current TA = -55°C 22 28 

Temperature Stabilizer 9 40 

Supply Voltage (Note 3) 

Warm·Up Time to 0.05% V s = 30V, T A = 25° C 3 

Initial Turn·on Current 9::; Vs ::; 40, T A = 25°C 140 200 

LM399A 
UNITS 

MIN TYP MAX 

6.6 6.95 7.3 V 

6 12 mV 

0.5 1.5 Q 

%/oC 

%fC 

%fC 

0.00003 0.0001 %/oC 

7 50 /lV 

20 PPrl) 

8.5 15 
mA 

9 40 V 

3 Seconds 

140 200 rnA 

Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either 
terminal of the reference is 40V more positive or 0.1 V more negative than the substrate. 

Note 2: These specifications apply for 30V applied to the temperature stabilizer and -5S"C .:::; TA$ +12SoC for the LM199A; -2SoC $. TA :::; 
+85°C for the LM299A and O°C:o; TA:O; +70°C forth. LM399A. 

Note 3: CAUTION. If the device is operated for more than 60 seconds with heater supply voltage between 2V and 9V the heater temperature 
control circuitry is not properly biased and the device can rise to approximately +150° C. 

8-12 



typical performance characteristics 
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Reverse Characteristics 
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typical applications 

Single Supply Operation 

9VT040V-~~---....., 

TEMPERATURE 
STABILIZER 

6,95V 

Negative Heater ~upply with 
Positive Reference 

+15V----_---, 

-gvro 
-33V 

TEMPERATURE 
STABILIZER 

6.95V 

7.5k 

Split Supply Operation 

+15V--.... ----..., 

-15V 

TEMPERATURE 
STABILIZER 

6.95V 

Buffered Reference 
With Single Supply 

7.5k 

+15V--.... ----.... ---------. 

TEMPERATURE 
STABILIZER 

6.95V 

Positive Current Source 

7.5k 
9k 

10VT040V-.... ----.... --... _______ .... _____ , 

TEMPERATURE 
STABILIZER 

6.95V 

LM199A 

43k 

Standard Cell Replacement 

TO~~~----.-----1~-------------, 

t---.... --:--, ~~j~~; 
12k 
0.1'/;, 

10k 

lk 
01"/0 

lOOk 

8-14 

350 
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OUTPUT 
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typical applications (con't) 

Negative Current Source 

75k 

300 

-25V------'---------~----~--------~----------------~ 

Square Wave Voltage Reference 

+15V 

10lf 
7.5k !iOk ~ 

.... --NII'---.... ---vV\l"---..... ,......;+, .- OUTPUT 

TEMPERATURE 
STABILIZER 

tM199A 

lOOk 
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010 -lOY 
INPUT 

SQUARE WAVE 

14V Reference 

TEMPERATURE 
STABILIZER 

TEMPERATURE 
STABILIZER 

6,95V 

lM199A 

6.95V 

lM199 

Portable Calibrator* 
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·Warm·up time 10 seconds; Illtermittan! operation does 110t degrade lo-ng term stalJllity 

Precision Clamp* 

CLAMP 
INPUT 

OUTPUT 
IOV 

t-------------..... >--OUTPUT 

+l!iV ----,..---------, 

15k 

TEMPERATURE 
STABILIZER 

6.95V 

lM199A lN914 

·Clamp will sink 5 rnA when input goes more posItive thanleference 
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typical applications (con't) 

OV to 20V Power Reference 

25V T040V---.-----... _-------------..... p----___ --. 

TEMPERATURE 
STABILIZER 

6,95V 

lMTY9 

6k 

Bipolar Output Refer.ence 

+15V--........ -----, 

-15V 

8-16 

-5V 

50k 

OUTPUT' 6.95V 
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O/A-A/O Products 

NAT10NAL 

MM5330 4 1I2-digit panel meter logic block 

general description features 

• dc to 400 kHz operation The MM5330 is a monolithic integrated circuit which 
provides the logic circuitry to implement a 4-1/2 digit 
panel meter. The MM5330 utilizes P-channel low thres­
hold enhancement mode devices and ion-implanted 
depletion mode devices. All inputs and outputs are TTL 
compatible with BCD output for direct interface with 
various display drivers. 

• TTL compatible inputs and outputs 

• BCD outPut code 

• Overrange blanking 

• Val id sign bit during overrange 

• Standard supply voltages; +5, -15V 

connection and block diagrams 

RESET 

CLOCK -{)--<f----i 

TRANSFER 

Dual-I n-Line Package 

SSD TSO LSD RESET TRANSfeR CLOCK INT VDD 

13 11 

MSD BCD BCD BCD SGN BCD 
"1" "2" "4" "8" 

50N 

TOPVIEW 

Order Number MM5330N 
See Package 18 

8-17 

10k v~ 

LSD TSO SSO MSD 



absolute maximum ratings 

Vol tage at Any Pi n 
Operating Temperature 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

Vss + 0.3V to Vss - 25V 
O°C to +75°C 

-40°C to +125°C 
300°C 

electrical chara.cteristics 
TA within operating range, Vss = 4.75V to 5.25V, VDD = -16.5V to -13.5V unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Voltage (V 55) 

Power Supply Voltage (V DD ) 

Power Supply Current (Iss) 

Input Frequency 

Reset or Transfer Pulse Width 

No Load 

Vss = 5V, V DD =-15V 

4.75 

-16.5 

dc 

200 

5 5.25 

-15 -13.5 

30 

400 

V 

V 

mA 

kHz 

ns 

Input Voltage Levels 
Logic "1" 
Logic "0" 

Inputs Driven by TTL or Square Waves 
Inputs Driven by TTL or Square Waves 

3 
-15 

5 
0.8 

V 
V 

Clock Input Voltage Levels 
Logic "1" 
Logic "0" 

Driven by Sinewave 

Driven by Sinewave 

Output Current Levels 
Digit Output State 

Logic "1" 

Vss = 5V, V DD =-15V 

Logic "0" 
Va Forced To 4.75V 
Va Forced To 4.5V 

All Other Outputs 
Logic "1" 
Logic "0" 

Va Forced To 3V 
Va Forced To O.4V 

Delay From Digit .Output to BCD Output 

FUNCTIONAL DESCRIPTION 

Counters: The MM5330 has four ';-10 counters, one 
.;-4 counter, and one ';-2 for a_ count of 80,000 clock 
pulses. A ripple carry is provided and all counter flip­
flops are synchronous with the negative transition of 
the input clock. The last flip·flop in the divider chain 
(';-2 in the block diagram) triggers with the "0" to "1" 
transition of the_previous flip-flop. The count sequence 
is shown in the first column of the count diagram. 

Reset: All counter stages are reset to "0" and the I NT 
flip-flop (driving the INT output) is set to "1" onthe. 
first negative clock transition after a "0" is applied to 
the Reset input. The internal reset is removed on the 
first negative clock transition after the internal reset 
has occured and a "1" has been applied to the Reset 
input. This timing provides an on-chip reset at least one 
clock cycle wide and a one cycle delay to remove reset 
before counting begins. 

Transfer: Data in the counters is transferred to the 
latches when the Transfer input is at "0." If the 
Transfer input is held low the state of the counters is 
continuously displayed (see count diagram). Data will 
cease to transfer to the latches on the first positive clock 

8-18 
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transition after the first negative clock transition after a 
"1" is applied to the Transfer input. This provides a 
transfer pulse at least one half clock cycle wide and a 
half clock- cycle delay to remove the transfer signal 
before the counters change state_ 

ps 

INT: The integrate output is used to set the charge time 
on a dual slope integrator. INT is "1" from reset to the 
18,000th clock pulse, then "0" until the next reset. The 
dual slope integrator is the voltage monitoring part of 
the external circuitry needed for a DPM. It charges a­
capacitor at a rate proportional to the measured voltage 
while I NT is "1," then discharges at a rate proportional 
to a fixed reference as shown in the clual slope diagram. 
When the output of the integr~tor reaches OV a pulse is 
generated and fed into the Transfer input of the chip. 
As the dual slope diagram indicates, the number in the 
latches is proportional to the measured voltage. 

Multiplexing: The modulo 4 multiplex counter is 
triggered by the carry from the second decade counter, 
making the multiplex rate one hundredth the counting 
rate (4 kHz for a 400 kHz clock). The LSD, TSD, SSD 
and MSD (least significant, third significant, second 
significant and most significant digits) outputs indicate 
by a low level which decade latch is displayed at the 
BCD outputs. 



FUNCTIONAL DESCRIPTION (Continued) 

Overrange Blanking and Sign: The data in the latch for 
the -;-2 counter is used to detect an out-of-range voltage_ 
If this latch is "0" the BCD and 10k outputs are forced 
to all "1 's" and the SGN output is inverted. When the 
data in the overrange latch and the sign bit latch are "1" 
the sign bit generates the 9's complement of the decade 
latches and the complement of the 10k latch at the 
respective outputs. When the overrange bit is "1" and 
the sign bit is "0" true BCD of the decade latches and 
the uncomplemented 10k latch appear at the outputs. 

APPLICATIONS INFORMATION 

The MM5330 is the display and control for a modified 
dual slope system. It contains the counters and latches, 
together with a multiplexing system to provide 4 digits 
of display with one decoder driver_ It also provides a 

count diagram 
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sign digit, either plus or minus, and a ten-thousand 
counts digit for full display of ±19999. By eliminating 
the right-most digits it may also be used as a 2-112 or 
3-1/2 digit DVM chip. 

The basic modified dual slope system for which the 
MM5330 is designed, is shown in Figure 1. The integrator 
is now used in a non-inverting mode and is biased to 
integrate negatively for all voltages below V MAX. Thus 
if the maximum positive voltage at V'N is 1.9999V, then 
VMAX would be set at 2.200V. In this way, all voltages 
measured are below VMAX . This eliminates the need for 
reference switching and provides automatic polarity with 
no additional components. Also, it can be shown that 
the amplifier input bias currents which cause errors in 
conventional dual slope systems are eliminated by merely 
zeroing the display. Thus low bias current op amps are 
not necessarily required unless a high input impedance is 
desired at V'N. 

OUTPUTS WITH TRANSFER LOW 

" UJ .... 
BCD LL_ 

.0: .... 
_UJ DECADE 
.... '" 2 x OUTPUTS 2 UJ <:J := -" '" 

• 
• • 

OUTPUT 

• BLANKED 

• • 

• • 
• 

" } POSITIVE 
OVER RANGE 

• 
• 

9 9 
o 0 0 

• • 
• 9 
o 0 0 0 

• • • 9 

• • 
• 9 
o 0 

• 
• • 9 9 

o 0 

o 

9 
o 0 

• 
• • 

0 O} 
J 

DISPLAY 

ZONE 

POSITIVE 
VALUE 

NEGATIVE 
VALUE 

NEGATIVE 
OVER RANGE 

8-19 

f 
1. 

o 

o 

o 
o 

0 
0 

0 
0 

0 
0 

0 

• 
9 

• • • 0 0 
9 CONTINUOUS 

• COUNT 

• • 0 0 
0 

• 
• • 9 9 

0 

• • • 9 

• 
• • 



APPLICATIONS INFORMATION (Continued) 

Secondly, the use ofa conventional op amp for a 
comparator allows zeroing of all voltage offsets in both 
the op amp and comparator. This is achieved by zeroing 
'the voltage on the capacitor through the us~ of the 
comparator as part of a negative feedback loop. During 
the zeroing period, the non·inverting input of the 
integrator is at VREF '. As this voltage is within the active 
common·mode range of the integrator the loop will 
respond by placing the integrator and comparator in the 
active region. The voltage on the capacitor is no longer 
equal to zero, but rather to a voltage which is the sum 
of both the op amp .and comparator offset voltages. 
Because of the intrinsic nature of an integrator, this 
constant voltage remains throughout the integrating. 
cycle and serves to eliminate even large offset voltages. 

The waveforms at the output of the integrator are as 
shown. The voltage at A is the comparator threshold just 
discussed. Simultaneously, with the opening of switch A, 
V IN is connected to the input of the integrator via 
switch B. The output then slews to VIN . Integration then 
begins for the reference period, after which time the 
reference voltage is again applied to the input. The 
output again slews the difference between VREF and 
V IN and integrates for the unknown period until the 
comparator threshold is crossed. At this point, the 
accumulated counts are transferred from the counters 
to the latches and zeroing begins until the next 
conversion interval. 

It may be obvious, however, that while we hllVe 
eliminated several of the basic dual slope circuits 
disadvantages, we have created another-the number 
of counts are no longer proportional to VIN but rather 
to (VMAX-VIN)' In fact, when we short VIN to ground 
we are actually measuring our own 2.2000 VMAX • 

What is done in the MM5330 is to code convert the 
number of counts as shown in the count diagram. This 
chart shows a code conversion starting at the time of a 
reset. The first 18,000 counts are the reference period 
after which time the integrator changes slope. If a com· 

dual slope diagram 
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parator crossing is detected within the next 2000 
counts, a plus overrange condition will occur at the 
display. This condition results in a lit "+" sign; a Iit.'T' 
and four blanked rightmost digits. A transfer at 20,000 
however, will create a .reading of +1.9999, at 20,001 a 
reading of 19.998 and so on, until at 39,999 a reading 
of +0000 would be displayed. A transfer occuring at 
40,000 would cause a -{l000 display and so on until 
60,000 counts were entered at wh ich time a -1 with 
four blanked digits would be displayed indicating a 
minus overrange condition. 

A typical circuit for a low cost 4 1/2 digit DPM is 
shown in Figure 2. The display interface used is a TTL, 
7·segment decoder driver and four P·type transistors. 
The ±1 digit is driven directly by CMOS. The clocko 

synchronous reset and transfer. functions prevent any 
cyclic digit variations and present a blink·free, flicker· 
free display.CMOS analog switches are used as reference, 
zero, and input switches and used also in the comparator 
slew rate circuit. 

A problem with all dual slope systems occurs when short 
integrating times and high clock frequencies are used. 
Because of the very slow rise time of the ramp into the 
comparator, the output of the comparator will normally 
ramp at approximately 1/10. of its actual slew rate. 
Thus, a significant number of extra counts are displayed 
due to the slow rate of rise of the comparator. A 
technique to improve this consists of capacitor Cs and 
analog switch four. An unstable positive loop is created 
by this capacitor when the comparator comes out of 
saturation. This causes the output to rise at its slew rate 
to the comparator threshold. As soon as th is threshold 
is reached the analog switch opens and zeroing is initiated 
as previously discussed. 

A simplified approach to performing the modified dual 
slope function combines the MM5330 and the LF11300 
dual slope analog block as in Figure 3. The LF11300 
provides the front analog circuitry required. This 
includes a FET input amplifier, analog switches, inte· 
grator and comparator. The LF11300 provides auto 
zero, > 1000 MD. input impedance, and a ±10V analog 
range. 

NEGATIVE VALUES 

Vx IS the analo!l voltage 
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~ O/A-A/O Products 

NAnONAL 

DM2502. DM2503. DM2504 successive approximation registers 

general description 

The DM2502, DM2503 and DM2504 are 8-bit and 12-bit 
TTL registers designed for use in successive approxima­
tion AID converters. These devices contain all the logic 
and control circuits necessary in combination with a 
01 A converter to perform successive approximation 
analog-to-digital conversions. 

The DM2502 has 8 bits with serial capability and is not 
expandable. 

The DM2503 has 8 bits and is expandable without serial 
capabil ity. 

The DM2504 has 12 bits with serial capability and 
expandability. 

All three devices are available in ceramic DIP, ceramic 
flatpak, and molded Epoxy-B DIPs. The DM2502, 

log,ic diagram 

DM2503 and DM2504 operate over -55°C to +125°C; 
the DM2502C, DM2503C and DM2504C operate over 
O°C to +70°C. 

features 

• Complete logic for successive approximation AID 
converters 

• 8-bit and 12-bit registers 

• Capable of short cycle or expanded operation 

• Continuous or start-stop operation 

• Compatible with 01 A converters using any logic code 

• Active low or active high logic outputs 

• Use as general purpose serial-to-parallel converter or 
ring counter 

01 (11) 06(10) ~~~~~~1- - - ~(;:1- - - ~ no 
I I 
I I 
I I 
I I 

0.7(11) 

L ___________ J 
Notel: Cell logic is repeated for reginerstlge5. 

05 10 Q1 DM2Sll2, DM2S0] 
091001DM2504 

NOle 2: Numbers In parentheses Ire lot DM2504. 

connection diagrams (Dual-In-Line and Flat Packages) 
DM2502, DM2503 

07 06 05 04 

116 15 14 13 11 11 
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TOPVIEW 

Order Numbers 

DM2502J 
DM2502CJ 
DM2502CN 
DM2502W 

DM2502CW 

DM2503J 
DM2503CJ 
DM2503CN 
DM2503W 

DM2503CW 

See Packages 1 Bane! 22 
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absolute maximum ratings ·(Note 1) operating conditions 

MIN MAX UNITS 

Supply Voltage 7V Supply Voltage, VCC 
Input Voltage 5.5V DM2502C, DM2503C, 4.75 5.25 V 
Output Voltage 5.5V DM2504C 
Storage Temperature Range --£5°C to +150°C DM2502, DM2503, 4.5 5.5 V 
Lead Temperature (Soldering, 10 seconds) 300°C DM2504 

Temperature, T A 
DM2502C, DM2503C, 0 +70 °c 

DM2504C 

DM2502, DM2503, -55 +125 °c 

DM2504 

electrica I characteristics (Notes 2 and 3) Vee = 5.0V, TA = 25°C, CL = 15 pF, unless otherwise specified. 

PARAMETER 

Logical "1" Input Voltage (V 1H ) 

Logical "1" Input Current (lIH) 

CP Input 

D, E. Sinputs 
All Inputs 

Logi~al "0" Input Voltage (V1d 

Logical "0" Input Current (IlL) 

CP, S Inputs 
D, Elnputs 

Logical "1" Output Voltage (VOH ) 

Output Short Circuit Current 
(Note 41 (losl 

Logical "0" Output Voltage'(VOL ) 

Suppl y Current (t cd 
DM2502C 
DM2502 
DM2503C 
DM2503 
DM2504C 
DM2504 

Propagation Delay to a Logical "0" 
From CP to Any Output (tpdOJ 

Propagation Delay to a Logical "0" 
From E to 07 (all J Output (tpdol 

Propagation Delay to a Logical "1" 
From CP to Any Output (tpd1) 

Propagation Delay to a Logical "1" 
From E to 07 (all} Output (tpd,1 

Set-Up Time Data Input (ts(DII 

Set-Up Time Start Input (tsiSl) 

Minimum Low CP Width (tpwd 

Minimum High CP Width (tpwHI 

Maximum Clock Frequency (fMAx) 

CONDITIONS 

Vee =:: Min 

Vee'" Max 
V'H = 2AV 
V'H = 2AV 
V'H = 5.5V 

Vee =:: Min 

Vee::; Max 

V'L =OAV 
V 1L =:: DAV 

Vee == Min, IOH ::; -oA8 rnA 

Vee'" Max; V OUT = O.DV; 
gutput High; CP, 0, S, High; 
E Low 

Vee = Min, IOL == 9.6 rnA 

Vec = Max, All Outputs Low 

CP High, SLow 
DM2503, DM2503C. DM2504, 
DM2504C Only 

CP High, SLow 
DM2503, DM2503C, DM2504, 
DM2504C Only 

MIN 

2.0 

2A 

-10 

10 

10 

-10 

15 

TYP 

6 
6 

-1.0 
-1.0 

3.6 

-20 

0.2 

65 
65 
60 
60 
90 
90 

18 

16 

26 

13 

4 

9 

30 

17 

21 

MAX UNITS 

V 

40 VA 
80 VA 
1.0 mA 

0.8 V 

-1.6 mA 
-3.2 mA 

V 

-45 mA 

0.4 V 

95 mA 
85 mA 
90 mA 
80 mA 
124 mA 
110 mA 

28 ' ns 

24 ns 

38 ns 

19 ns 

8 ns 

16 ns 

42 ns 

24 ns 

MHz 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for <;tctual device operation. 

Note 2: Unless otherwise specified minImax limits apply across the ---55°C to +12SoC temperature range for the DM2502, DM2503 and DM2504, 
and across the O°C to +70°C range for the DM2502C, DM2503C and DM2504C. All typicals are given for VCC = 5.0V and TA = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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application information 

OPERATION 

The registers consist of a set of master latches that act 
as the control elements in the device and change state 
on the input clock high-to-Iow transition and a set of 
slave latches that hold the register data and change on 
the input clock low-to-high transition. Externally the 
device acts as a special purpose serial-to-parallel converter 
that accepts data at the D input of the register and sends 
the data to the appropriate slave latch to appear at the 
register output and the DO output on the DM2502 and 
DM2504 when the clock goes from low-to-high. There 
are no restrictions on the data input; it can change state 
at any time except during a short interval centered about 
the clock low-to-high transition. At the same time that 
data enters the register bit the next I ess significant bit 
register is set to a low ready for the next iteration. 

The register is reset by holding the S (Start) signal low 
during the clock low-to-high transition. The register 
synchronously resets to the state Q7 (11) low, and all 
the remaining register outputs high. The Qce (Conver­
sion Complete) signal is also set high at this time. The S 
signal should not be brought back high until after the 
clock low-to-high transition in order to guarantee 
correct resetting. After the clock has gone high resetting 
the register, the S signal must be removed. On the next 
clock low-to-high transition the data on the 0 input is 
set into the Q7 (11) register bit and the Q6 (10) register 
bit is set to a low ready for the next clock cycle. On the 
next clock low-to-high transition data enters the Q6 (10) 
register bit and Q5 (9) is set to a low. This operation is 
repeated for each register bit in turn until the register 
has been filled. When the data goes into QO, the Qee 
signal goes low, and the register is inhibited from further 
change until reset by a Start signal. 

The DM2502, DM2503 and DM2504 have a specially 
tailored two-phase clock generator to provide non­
overlapping two-phase clock pulses (i.e., the clock 
waveforms intersect below the thresholds of the gates 

timing diagram 

they drive). Thus, even at very slow dV /dt rates at the 
clock input (such as from relatively weak comparator 
outputs). improper logic operation will not result. 

LOGIC CODES 

All three registers can be operated with various logic 
codes. Two's complement code is used by offsetting the 
comparator 1/2 full range + 1/2 LSB and using the 
complement of the MSB (07 or (11) with a binary D/A 
converter. Offset binary is used in the same manner but 
with the MSB (Q7 or Q11). BCD D/A converters can be 
used with the addition of illegal code suppression logic. 

ACTIVE HIGH OR ACTIVE LOW LOGIC 

The register can be used with either D/A converters that 
require a low voltage level to turn on, or D/A converters 
that require a high voltage level to turn the switch on. If 
D/A converters are used which turn on with a low logic 
level, the resulting digital output from the register is 
active low. That is, a logic "1" is represented as a low 
voltage level. If D/A converters are used that turn on 
with a high logic level then the digital output is active 
high; a logic "1" is represented as a high voltage level. 

EXPANDED OPERATION 

An active low enable input, E, on the DM2503 and 
DM2504 allows registers to be connected together to 
form a longer register by connecting the clock, 0, and S 
inputs in parallel and connecting the Qee output of one 
register to the E input of the next less significant 
register. When the start signal resets the register, the E 
signal goes high, forcing the Q7 (11) bit high and 
inhibiting the register from accepting data until the 
previous register is full and its Qee goes low. If only 
one register is used the E input should be held at a low 
logic level. 

DM2502, DM2503 

n7 I I 

n6 I I L-J 
n'i I 

n'i I L-J 
n'L:::J 

OUTPUTS 
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application information (con't) 
SHORT CYCLE 

If all bits are not required, the register may be truncated i 
and conversion time .saved by using a register output' 
going low rather than the ace signal to indicate the end 
of conversion, If the register is truncated and operated 
in the continuous conversion mode, a lock-up condition 
may occur on power turn-on_ This condition can be 
avoided by making the start input the OR function of 
ace .and the appropriate register output. 

COMPARATOR BIAS 

To minimize the digital error below ±112 LSB, the 
comparator must be biased. If a D/A converter is used 
which requires a low voltage level to turn 'on, the 
comparator should be biased +1/2 LSB. If the D/A 
converter requires a high logic level to turn on, the 
comparator must be biased -1/2 LSB. 

definition of terms 
CP: The clock input of the register. 

0:' The serial data input of the register. 

DO: The serial data out. (The 0 input delayed one bit). 

E: The register enable. This input is used to expand the 
length of the register and when high forces the 07 (11) 
register output high and inhibits conversion. When not 
used for expansion the enable is held at a .Iow logic level 
(ground). 

0i i = 7 (11) to 0: The outputs of the register. 

Occ: The conversion complete output. This output 
remains high during a conversion and goes low when a 
conversion is complete. 

07 (11): The true output of the MSB of the register. 

Q7 (11): The complement output of the MSB of the 
register. 

S: The start input. If the start input is held low' for at 
least a clock period the register will be reset to 07 (11) 
low and all the remaining outputs high. A start pulse that 
is low for a shorter period of time can be used if it 
meets the set-up time requirements of the S input. 

truth table DM2502, DM2503 

TIME INPUTS 

tn 0 S E2 003 07 06 05 

0 X L L x X x x 
1 D7 H L X L H H 

2 D6 H L D7 D7 L H 

3 D5 H L D6 D7 D6 L 

4 04 H L 05 D7 D6 D5 

5 D3 H L D4 D7 D6 D5 
6 D2 H L 03 D7 D6 D5 
7 D1 H L D2 D7 D6 D5 
8 DO H L D1 D7 D6 D5 

9 X H L DO D7 D6. D5 
10 X X L X 07 06 D5 

X X H X H NC NC 

Note 1: Truth table for DM2504 is extended to include 12 outputs. 

Note 2: Truth table for DM2502 does not include E column or last line in truth table sh'own. 

Note 3: Truth table for DM2503 does not include DO column. 

typical applications 
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typical applications (con't) 

High Speed 12-Bit AID Converter 
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~ D/A-A/D Products 

NAnONAL 

MM54C905/MM74C905 12-bit successive approximation register 

general description 
The MM54C905/MM74C905 CMOS 12-bit successive • Guaranteed noise margin 1.0V 
approximation register contains all the digit con'trol and' • High noise immuriity 0.45 Vee typ 
storage necessary for successive approximation analog-

• Low power TTL fan out of 2 to-digital conversion. Because of the unique capability 
of CMOS to switch to each supply rail without any offset co~patibility driving 74L 

voltage, it can also be used in digital systems as the • Provision for register extension or truncation 
control and storage element in repetitive routines. • Operates in START/STOP or continuous conversion 

features 
mode 

• Drive ladder switches directly. For 10 bits or less 

• Wide supply voltage range 3.0V to 15V with 50k/l OOk R/2R ladder network 

connection diagram 

Dual-I n-U·ne Package 

Vee 011 NC 011 010 O. 08 07 06 NC S- OP 

1" 23 22 21 20 " 18 17 16 15 14 13 

r- l-

I 2 3 • , 6 7 8 9 10 11,.f2 
E 00 Cc on ,01 02 03 O. 0' NC o GNO 

Order Numbers 
MM54C905D 
MM74C905D 
MM74C905N 

truth t .. ble 
Se. Packages 20 and 21 

TIME INPUTS OUTPUTS 

to 0 S E DO 011 010 09 08 07 06 05 04 03 02 01 00 cc 

0 X L L X X X X x x x x x x x x x X 

1 011 H L X L H H H H H H H H H H H H 

2 010 H L 011 011 L H H H H H H H H H H H 

3 09 H L 010 011 010 L H H H H H H H H H H 

4 08 H L 09 011 010 09 L H H H H H H H H H 

5 07 H L 08 011 010 09 08 L H H H H H H H H 

6 06 H L 07 011 010 09 08 07 L H H H H H H H 

7 05 H L 06 011 010 09 08 07 06 • L H H H H H H 

8 04 H L 05 011 010 09 08 07 06 05 L H H H H H 

9 03 H L 04 011 010 09 08 07 06 05 04 L H H H H 

10 02 H L 03 011 010 09 08 07 06 D5 04 03 L H H H 

11 01 H L: 02 011 010 09 08 07 06 05 04 03 02 L H H 

12 00 H L 01 011 010 09 08 07 06 05 04 03 02 01 L H 

13 X H L DO 011 010 09 08 07 06 05 04 03 02 01 DO L 

14 X X L X 011 010 09 08 07 06 05 '04 03 02 01 DO L 

X X H X H NC NC NC NC NC NC NC NC NC 'NC NC NC 

H :: H i'gh level L"'" Low level X :: Don't care NC:: No change 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin 

Operating Temperature Range 

MM54C905 

MM74C905 

Storage Temperature Range 

Package Dissipation 

Operating Vee Range 

Absolute Maximum Vee 

Lead Temperature (Soldering, 10 seconds) 

--o.3V to Vee +0.3V 

-55°C to +125°C 

-40°C to +85°C 

-65°C to +150°C 

500 mW 

3.0V to 15V 

16V 

300°C 

de eleetriea I eha raeteristies Minimax limits apply across temperature range, unless otherwise noted. 

PARAMETER 

CMOS TO CMOS 

Logical "1" Input Voltage (V 'NI 1)) 

Logical "0" Input Voltage (V,NIOI) 

Logical "1" Output Voltage (VOUTI 1)) 

Lbgical "0" Output Voltage (VOUTIO)) 

Logical "1" Input Current iI 'N (1I) 

Logical "0" Input Current iI,NIO)) 

Supply Current (I ee) 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage (V ,NI 1)) 

MM54C905 
MM74C905 

Logical "0" Input Voltage (V,NIO)) 
MM54C905 
MM74C905 

Logical "1" Output Voltage (VOUTl1)) 

MM54C905 
MM74C905 

Logical "0" Output Voltage (VOUTIOI) 
MM54C905 
MM74C905 

CONDITIONS 

Vee ~ 5.0V 
Vee ~ 10V 

Vec ~ 5.0V 
Vee ~ 10V 

Vee ~ 5.0V, 10 ~ -laMA 
Vee ~ 10V, 10 ~ -laMA 

Vee ~ 5.0V, 10 ~ laMA 
Vee ~ 10V, 10 ~ laMA 

Vee~15V, Y'N ~ 15V 

Vee~15V, Y'N ~ OV 

Vee ~ 15V 

Vce ~ '\.5V 

Vee ~ 4.75V 

Vec ~ 4.5V 

Vee ~ 4.75V 

Vee ~ 4.5V, 10 ~ -360M A 
Vee ~ 4.75V, 10 ~ -360MA 

Vee~4.5V, 10 ~ 360MA' 
Vee ~4.75V, 10 ~ 360MA 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current (lSOURCE) Vee ~ 5.0V, VOUT ~ OV 
(P·Channel) T A ~ 25 c c 

Output Source Current (lSOURCE) Vee ~ 10V, VOUT ~ OV 
(P·Channel) 'T A ~ 25°C 

Output Sink Current (I SINK ) Vee ~ 5.0V, VOUT ~ Vce 
(N·Channel) T A ~ 25°C 

Output Sink Current (lSINK) Vee~10V, VOUT ;;:: Vee 
(N·Channel) TA ~ 25°C 

011-00 Outputs Vec ~ lOV ±5% 

RSOURCE VOUT ~ \Jee - 0.3V 

TA ~ 25°C 

RSINK Vee = 10V ±5% 
VOUT = 0.3V 
T A ~ 25°C 
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MIN TYP MAX UNITS 

3.5 V 
8.0 V 

1.5 V 
2.0 V 

4.5 V 
9.0 V 

0.5 V 
1.0 V 

0.005 1.0 MA 

-1.0 -0.005 MA 

0.05 300 MA 

Vec -1.5 V 
Vee-1.5 V 

0.8 V 
0.8 V 

2.4 V 
2.4 V 

0.4 V 
0.4 V 

-1.75 -3.3 mA 

-8.0 -15 mA 

1.75 3.6 mA 

8.0 16 mA 

150 350 rz 

80 230 rz 

[;]I 



In. 
Q 
0) 
~ 

'" .... 
:E 
:t ...... 
In 
0 en 
CJ 
~ 
It) 

:t 
:E 

ac electrical characteristics T A = 25°C, CL = 50 pF, unless otherwise specified: ., 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time From Clock Vee = 5;OV 200 350 ns 
Input To Outputs (00-011) (tpd(Q)) Vee = 10V 80 150 ns 

Propagation Delay Time From Clock· Vee = 5.0V 180 325 ns 
Input To Do (tpd(Oo)) Vee. = 10V 70 125 ns 

Propagation Delay Time From Register Vee = 5.0V 190 350 ns 
Enable (E) To Output (all) (tpd(e)) Vee = 10\1 75 150 ns 

Propagation Delay Time From Clock Vee = 5.0:-' 190 350 ns 
To CC (tpd(ee)) Vee = 10V 75 0.50 ns 

Data Input Set· Up Time (tos) Vee = 5.0V 80 ns 

Vee = lbV 30 ns 

Start Input Set· Up Time (tss) Vee = 5.0V 80 ns . 

Vee = 10V 30 ns 

Minimum Clock Pulse Width (tPWL. tPWH) Vee = 5.0V 250 125 ns 
Vee = 10V 100 50 ns 

Maximum Clock Rise and Fall Time (t" tf) Vee = 5.0V 15 J.Is 
Vee = 10V 5 J.Is 

Maximum Clock Frequency (fMAX ) Vee = 5.0V 2 4 MHz 

Vee = 10V 5 10 MHz 

Clock Input Capacitance (CeLK ) Clock Input (Note 2) 10 pF 

Input Capacitance (C IN ) Any Other Input (Note 2) 5 pF 

Power Dissipation Capacitance (Cpo) (Note 3) 100 pF 

Note 1: "Absolute Maximum Ratings'" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they a-re not meant to. imply that the devices should be operated at these limits. The table of "Electrjcal Olaracteristics" 
provides conditions for actual device operation. . 

Note 2~ Capacitance is guaranteed by periodic ·testing. 

Note 3: CpO determines the no load ac power consumption of any CMOS device. For complete explanation see 54C174C Family Ch~racteristics 
application note, AN·90. 

typical performance characteristics 

RSINK vs Temperature 

400 I-+--t-+++-+-+~-I 

0'----'-'--'--'---'---'--'---1.--1 
-55 -~5 -15 5 25 45 65 85 105 125 

TA - AMBIENT TEMPERATURE rC) 

• These points are guaranteed by automatic testing. 

§: 

~ g .. 
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RSOURCE vs Temperatur. 
600 

. ;-~cc 1 I, ±5,1 500 

~ 400 ~ ~ 

I,...:~ ra [@ ~ ~ ~ JOO 

~ ~ ~~ ~ ~ ~ ~ ~ 200 
~ ~ ~~ ~ ~ 

100 

0 
-55 cJ5 -15 ·5 25 45 65 85 105 125 

TA - AMBIENT TEMPERATURE (OC) 

• These points are guaranteed by automatic testing . 



timing diagram 

---, 
E , 

01l~~ ____________________________________________________ _ 

O,O~ 

09 =--.! 
OB~ 

07 :::.:=..J 
06 =.:::.J 
Q5~ 

04=.J 
03~ 

02==.J 
O'=-.J 
OO==.J 

CC=--.J 
00 

LJ 

switching time waveform~ 

CP 

Vco ------...... 1 

LJ 

LJ 

LJ 

LJ 

vcc-----·~+__----_+-~_+--------__.. 

Vco ------------f---' ..... __ Ipd_ r---------+-------
011 

0----·----

010 

O------------r-~ 

V,,-----------~-_+_ 

00 

;:--------{-,~r:-'O,-)-· ---...... 'L,"{\-_____ _ 
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USER NOTES FOR AID CONVERSION 

The register can be used with either current switches 
that require a low voltage level to tun; the switch ON or 
current switches that require a high.voltage level to turn 
the switch ON. If current switches are used which turn 
ON with a low logic level, the resulting digit output from 
the register is active low. That is, a logic "1" is represented 
as a low voltage level. If current switches are used which 
turn ON with a high logic level, the resulting digit 
outPut is active high. A logic "1" is represented as a high 
voltage level. 

For a maximum error of ±1/2 LSB, the comparator must 
be biased. If current switches that require a high voltage 
level to turn ON are used, the comparator should be 
biased +1/2 LSB and if the current switches require a 
low logic level to turn ON, then the comparator must be 
biased -1/2 LSB. 

The register can be used to perform 2's complement 
conversion by offsetting the comparator one half full 

typical applications 

range +1/2 LSB and using the complement of the MSB 
011 as the sign bit. 

If the register is truncated and operated in the contino 
uous conversion mode, a lock·up condition may occur 
on power-ON. This situation can be overcome by making 
the START input the "OR" function of CC and the 
appropriate register output. 

The register, by suitable selection of register ladder 
network, can be used to perform either binary or 
BCD conversion. 

The register outputs can drive the ·10 bits or less with 
50k/l00k R/2R ladder network directly for Vee ~ 10V 
or higher. In order to drive the H~-bit 50k/l00k ladder 
network and have the ±1/2 LSB resolution, the 
MM54C902/MM74C902 or MM54C904/MM74C904 is 
used as buffers, three buffers for MSB (011), two buffers 
for 010, and one buffer for 09. 

12~Bit Successive Approximation A·to·D Converter, Operating in Continuous 
Mode, Drives the 50k/l00k Ladder Network Directly 

12-Bit Successive Approximation A-to-D Converter 
Operating in c.;ontinuous a-Bit Truncated Mode 

VIIEF ~ l0v----,;:J,L ________ -+, ::;:~:-;';I4;;;"M;;:";;:C3;,l 
'E'vcc 

"::" MM54C905/MM74C905 tt SERIAL 

CLOCK CP Do DATA 

L.;Q1r:-' "i.';:,,' "",,,:·r'''''·i-' :;.',.5",:·r'''''·i-' :;·';",·;,'",:·r'....J 'UT 

JJi~~B~3~~·1 PARALLfLDA'A", 

L ____ R_.2R_L_A'_DE_R __ --'~, 1~MM54Cg09 R ~ SOk 

ANALOG INPUT~_---I 
COMPARATOR 

v'" .1Ov---,;:::::;1 _____________ -----!=:::;~-l 
E Vee 0 S-

MM54C905/MM14C905 

CLOCK CP 01\ 010 Q!I 08 111 06 05 04 Dl 

, .. 
IHRlADDER 

., D1 

"0 

ec 
no 00 

lOOk 

lOOk 

SERIAL 
DATA 
OUT 

~)I/'I4~M_M"_C_'~_'--_____________ ~ 
50k'I./ 

ANALOG INPUT--,\Mr--I 

defin ition of terms 

CP: Register clock input. 
CC: Conversion complete-this output remains at 
VOUT(l) during a conversion and goes to VOUT(O) when 
conversion is complete. 

0: Serial data input-connected to comparator output in 
A-to·D applications. 
E: Register enable-this input is used to expand the 
length of the register. When E is at VIN (l) 011 is forced 
to VOUT(lL and inhibits conversion. When not used for 
expansion E must be connected to VIN(O) (GND). 

011: True register MSB output. 
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011: Complement of register MSB output. 

Oi (j ~ 0 to 11): Register outputs. 

S: Start input-holding start input at VIN(O) for at least 
one clock period will initiate a conversion by setting 
MSB (011) at VOUT(O) and all other output (010-00) 
at VOUT(l)' If set-up time requirements are met, a con­
version may be· initiated by holding start input at VIN(O) 
for I.ess than one clock period. 

DO: Serial data output-D input delayed by one clock 
period. 
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PRE:LIMINARY DATA: MARCH 1976 

NAnONAL 

MM4357/MM5357 a-bit AID converter 

general description 

The MM4357/MM5357 is an 8-bit monolithic AID 
converter using P-channel ion-implanted MOS techno­
logy_ It contains a high input impedance comparator, 
256 series resistors and analog switches, control logic 
and output latches_ Conversion is performed using a 
successive approximation technique where the unknown 
analog voltage is compared to the resistor tie points 
using analog switches_ When the appropriate tie point 
voltage matches the unknown voltage, conversion is 
complete and the digital outputs contain an 8-bit com­
plementary binary word corresponding to the unknown. 
The binary output is TRI-STATE to permit bussing on 
common data lines. 

The MM4357 is specified over -55°C to +125°C and the 
MM5357 is specified over O°C to +70°C. 

features 
• Low cost 

• ±5V, 10V input ranges 

• No missing codes 
• High input impedance 
• Ratiometric conversion 

• TRI-STATE outputs 

• Fast 
• Contains output latches 

• TTL compatible 

key specs 

• Resolution 

• Linearity 
• Conversion speed 
• Input impedance 

• Supply voltages 

• Clock range 

connection diagram 
Dual-In-Line Package 

LSB 

typical applications 

VeD 2""5 z-' -+VAIEF 2-7 2-8 VIN CLOCK Vss 

" 11 " 15 14 13 12 11 10 

'-- I-

r- l-

I 2 3 4 • • 1 B , 
r" r3 2-2 2-1 R· STRT OUTPUT VGG EOC 

MSI NET· CONY ENABLE 
WRK 

TOP VIEW 

+15V 

"V'-+-_-. OV -12V CLOCK 

. OUTPUT ENABLE 
'sc 

'DC 

VIN range = ±5V 
TTL outputs 

3k 

8 bits 

±1/2 LSB 

40l.ts 
>100 M-Q 

+5V, -12V, GND 

5.0 kHz to 2.0 MHz 

Order Part Numbers: 

MM4357D 
MM4357BD 
,MM5351D' 
MM5357BD 
MM5357N 
MM5357BN 

See Packages 26 and 27 

OUTPUT ENABLE 

sc 
'DC 

VIN ranglt = ±5V 
TTL outputs 

General Connection -lZV High Accuracy Connection 
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, absolute maximum ratings 
Supply Voltage (Vee) Vss - 22V 

Vss - 22V 

Vss + 0.3V to Vss - 22V 

Supply Voltage (VGG ) 

Voltage at Any Input 

Operating Temper~ture 

MM4357/MM4357B 

MM5357/MM5357B 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds)' 

-55°C to +1 25°C 

O°C to +70°C 

150°C 

300°C 

electrical characteristics (Note 1 ) 

PARAMETER 

Nonlinearity (Note 2) 

Differential Nonlinearity 

Quantization Error 

Zero Error (Not Adjusted) 

Zero Error Temperature Coefficient 

Full Scale Error 

Full Scale ErrorTemperature Coefficient 

Input Impedance 

Power S~pply Rejection 

Logical "l",lnput Voltage 

Logical "0" Input Voltage 

Logical Input Le~kage 

Logical "1" Output Voltage 

Logical "0" Output Voltage 

Disabled Output Leakage 

Minimum Clock Frequency 

Maximum Clock Frequency 

Clock Pulse Width 

TRI·STATE Enable/Disable Time 

COAversion Time 

Power Supply Current 

Guaranteed Supply Range 

CONDITIONS 

_ TA = 25°C, MM4357/MM5357 

MM4357/MM5357 

TA = 25°C, MM4357B/tv1M5357B 

MM4357B/MM5357B 

MM4357/MM5357 

MM4357B/MM5357B 

TA = 25°C 

MM43571.MM5357 

MM4357B/MM5357B 

T A = 25°C 

MM4357/MM5357 

MM4357B/MM5357B 

15.:5V::; (Vss - VGGI ::; 18.5V 

All Inputs 

All Inputs 

All Inputs, T A = 25°C, V ,L = Vss-l0V 

All Outputs, IOH = 100IJ.A 

All Outputs, IOL = 1.6 mA 

All Outputs, TA = 25°C, VOL = Vss-lOV 

O°C::;TA ::;+70°C 

-S5°C::;TA ::;+125°C 

O°C::; TA -::; +70°c 

-55°::; TA ::; +125°C 

(Note 3) 

, MIN 

100 

Vss-l.5 

VGG 

2.4 

1000 

500 

500 

13 

TYP 

±1/4 

±1/2 

±1/2 

±1 

±1/8 

±1/4 

±1/2 

±1 

0,0005 

±1/2 

±1 

0.0005 

0.005 

Vss-2.5 

0.01 

4.5 

5 

10 

2000 

1000 

150 

500 

20 

10 

MAX 

±112 

±1 

±1 

±2 

±1/4 

±1/2 

±1/2 

±1 

±2 

0.001 

±1 

±2 

0.001 

0.01 

Vss+0.3 

' Vss-4.2 

0.5 

0.4 

2 

50 

100 

1000 

40 

80, 

15 

23 

21 

UNITS 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

%lc 
M[l 

%/V 

v 
V 

IJ.A 

V 

V 

IJ.A 

kHz 

kHz 

ns 

ns 

IJ.s 

IJ.s 

mA 

rnA 

V 

Note 1: These specifications apply for VSS ~ +5V. VGG = -12V, and VDD = QV; over -55·C to +125°C for the MM4357/MM4357B and over 
O°C to +70°C for the MM5357/MM5357B unless otherwise specified. ' 
Note 2: This specification is measured, with 500n potentiometers connected to pins 5 and ,15, VREF = 10.00V, and with zero error and full 
scale error corrected to.zero at TA = 2SoC. Temperature specifications apply with no readjustment made in the zero and full scale pots; 

Note,3: This specification defines the range over which functional operation is guaranteed. 

Note4: Zero error and full scale error for the MM4357/MM5357 are guaranteed to be adjustable to zero. 
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OPERATION 

The MM4357 contains a network with 256-300n 
resistors in series. Analog switch taps are made at the 
junction of each resistor and at each end of the network. 
In operation, a reference (10.00V) is applied across this 
network of 256 resistors. An analog input (V IN) is first 
compared to the center point of the ladder via the 
appropriate switch. If V,N is larger than VREF /2, the 
internal logic changes the switch points and now com· 
pares V,N and 3/4 V REF' This process, known as succes· 
sive approximation, continues until the best match of 
V,N and VREF/N is made. N now defines a specific 
tap on the resistor network. When the conversion is 
complete, the logic loads a binary word corresponding 
to this tap into the output latch and an end of conver· 
sion (EOC) logic level appears. The output latches 
hold this valid data until a new conversion is completed 
and new data is loaded into the latches. The data transfer 
occurs in about 200 ns so that valid data is present 
virtually all the time. 

REFERENCE 

The reference applied across the 256 resistor network 
determines the analog input range. VREF ; 10.00V with 
the top of the reference connected to +5V gives a 
±5V range. The reference can be level shifted between 
Vss and VGG · However, the VREF pin (pin 15) must 
not exceed V ss and the R network pin (pin 5) must 
not go below V GG + 5V. 

Other reference voltages may be used (such as ·10.24V). 
If a 5V reference is used, the analog range will be 5V 
and accuracy will be reduced by a factor of 2. Thus, for 
maximum accuracy it is desireable to operate with at 
least a 1 dv reference. 

POWER SUPPLIES 

Standard supplies are Vss .; +5V, VGG ; -12V and 
V DD ; OV. Device accuracy is dependent on stability 

timing diagram 

CLOCK 
INPUT 

+5VJUUlj 

OV 

+5V-n 

of the reference voltage and has slight sensitivity to 
Vss - VGG , typically 0.005%/V. VDD has no effect on 
accuracy. 

The output logic levels swing from Vss to VDD . Thus, 
TTL levels are generated with the standard supplies 
or CMOS levels occur with Vss ; lOV, VGG ; -7V 
and VDD ; OV. 

Maximum supply voltage, Vss - V GG, is 22V without 
damage to the device. The maximum operating voltage 
at which accuracy specs are measured is Vss - VGG ; 
18.5V. Functional operation is guaranteed over 13V to 
21V. 

CLOCK 

The MM4357 requires a TTL level (referenced to Vss ) 
clock with guaranteed minimum pulse width of 500 ns. 
Duty cycle is not critical. Conversion time is (l/f) x 40. 

ZERO AND FULL SCALE ADJUSTMENT 

In many.applications, sufficient accuracy can be obtained 
by connecting pin 15 directly to the tOP of the reference. 
If maximum accuracy is desired, 500n pots should be 
used at both ends of the network and adjusted for zero 
and full scale. 

The top and bottom resistors in the ladder are somewhat 
less than the nominal 300n used throughout the ladder. 
This permits zero and full scale adjust range with only 
one pot and no extra supplies. Common practice for 
zero adjust is to set the transition from 11111111 to 
11111110 to occur at 1/2 LSB (20 mV for a 10.24V 
scale). 

To set full scale, adjust the 500n pot on pin 15 until 
the 00000001 to 00000000 transition occurs 1 1/2 LSB 
from full scale (60 mV less than full scale for a 10.24V 
scale). 

START 
CONVERSION 

ov---1 ~~, ________________________________ _ 

EOC 

OUTPUT 
ENABLE 

DATA 

+5V, 
\-\~---40 X 11/f)----_./ 

ov 
+5V 

50% 

OV , 
+5V 

OV 

1'90% 

- - iTRi.Siiii'E'i - .... 
\'10% 

ENABLE I--DELAV-

, 

DISABLE 
DElAY-

Data is complementary binary (full scale is all "0'5" output). 
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typical applications (con't) 

+'5V 

12k 

10 

-12V 

Ratiomstric Ir,put Signal with Tracking Referen~ 

-12V 

10.00V 
VREF 

A2 
14k 

AI 
·14k 

+5V 

lk FULL SCALE 

15 10 

MM4357 

R I and R2 change the effective 
input range by IV/IO k!1. 

85 

i! . 
>-
~ .. ... 
~ 
::! 

15 

+10V 

-7V 

15 10 

MM4J57 

OV to IOV VIN Range 
OV to IOV Output Levels 

Hi-Voltage CMOS Output Levels 

Level Shifted Input Signal 
Range 

100 

Y'N (%) 

Level Shifted Zero and Full Scale for Transducer. 
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typical applications (can't) 

+15V 

10.00V 

5k 
0.1% 

5k 
0.1% 

'5V 

5k 
0.1% 

+15V -12V 

5k 
0.1% 

.5V V'N 

MM5357 

Ground Referenced I nput Signal 

typical performance characteristics 

Power Supply Current 

12.0 r-A-l-l"CO'"'UT=-P=-UT=-S-r--,---, 

AT Voo 
11.0 t----t----t---t---::;;;;ooi 

:1 10.0 t---=-::;;j;-"""+---::;;p'-~ 

o 
o 9.01-:: .... 4'--

8.0 1-----:::;j;;.-:"""':-:'::::--+----1 

16.0 11.0 18.0 

Vss - VaG (V) 

CMOS Sink Current 

6.0 

<i' 
.§ 
>- 4.0 
'" w 

VD~ ~ OV I 
r- VGG = -7.0V 

Vss =+10V 
r-TA "'25"C 

'" ~ 
~ 

2.0 ;;; 
...... V 

VGUARANTEED 

./' V ORfE-

o 
o 0.1 0.2 0.3 0.4 0.5 0.6 

VOL - Voo (V) 
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TTL Sink Current 

6.0 r---r-..,--r--,.--,---, 

<i' 
.§ 4.0 \---1--t---j--V:.A---j 
ffi 
'" ~ 
~ 2.0 t--t---t~.-r--t--t----1 
;;; 

6.0 

<i' 
.§ 

4.0 >-

~ 
13 
w 
u 2.0 
'" => 
5: 

o 

0.1 0.2 0.3 0.4 0.5 0.6 

VOL - Voo (VI 

Source Current 

Vss '" +5.DV V 
f-:- Voo '" UV 

V VGCJ= -12V 

/ 
V 

/ 
GUARAN.TEED 

T SOURCE 

/ 
CUR1ENT-

o 0.5 1.0 1.5 2.0 2.5 3.0 

Vss - VOUT (V) 
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NAnONAL 
RA07, RA08, RA12, RA13, RA14, RA15 
general description 
The RA07, RA08, RA12, RA13, RA14 and RA15 are 
arrays of 7 to 15 equal value resistors packaged in high 
reliability Epoxy B dual-in-line packages. 

Each array is manufactured using precision automatic 
laser trimming of high stability thin films. The thin film 
array is then mounted on a high power dissipation lead 
frame and molded in the same Epoxy B used for 
National's semiconductor products. Complete automatic' 
testing and inexpensive Epoxy B packages provide low 
costs unprecedented in the resistor industry. The RA07, 
RA08, RA12 and RA14 are symmetrical for goof-proof 
insertions. 

Custom resistOr arrays are also available from National. 

connection diagrams (Dual-In-Line Packages) 

RA07 RA12 

14 13 12 11 " 14 13 12 11 

R R 

TOPvtEW TOP VIEW 

RA08 RA13 

16 15 14 13 12 11 10 14 13 12 " 

R R 

R R 

TOP VIEW TOP VIEW 

ordering information 

'RA07 -10KN 

Resistor Array I I 
I 

Configuration Number 

Resistance Value 

Molded Epoxy - B DIP Package 

See Package. 17 and 18 
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Resistor Arrays 

resistor arrays 

Possible options include unequal values, different con­
figurations and tight tolerances to 0.01 %. 

Resistor array applications range from pull-up and 
pull-down networks to line terminations and LED 
current limiting. 

features 
• Low cost 
• Six configurations 

• Wide resistance range 

• Tight tolerance 
• Excellent tracking 

7 to 15 Resistors 

22n to 100 kn 

±2% or ±2n, max 

2 ppmfC 

• Four symmetrical configurations 

RA14 

" 16 15 14 13 12 11 10 

TOP VIEW 

RA15 

" 16 15 14 13 12 11 10 

.R R R 

T(lPVIEW 

Value Listings 

All of these resistance values are available in each array 
configuration. (All values if! ohms): 

22 47 100 220 470 lk 2.2k 4.7k 9.1k 20k 

24 51 110 240 510 1.1k 2.4k 5.1k 10k 22k 

27 56 120 270 560 1.2k 2.7k 5.6k 11k 33k 

30 62 130 300 620 1.3k 3k 6k 12k 47k 

33 68 150 330 680 1.5k 3.3k 6.2k 13k 68k 

36 75 160 360 750 1.6k 3.6k 6.8k 15k lOOk 

39 82 180 390 820 1.8k 3.9k 7.5k 16k 

43 91 200 430 910 2k 4.3k 8.2k 18k 

Resistance values are ±2% or ±2n, whichever is larger. 

0 



absolute maximum ratings 
~ated Voltage 
Package Power at 25°C (See curve) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

(Note 1) 

2.0 W 
-55°(; to +125°C 
-55°C to +150·C 

. 300°C 

PARAMETER CONDITIONS MIN 

Resistor Tolerance TA = 25°,C 

Resistor Matching TA = 25°C 

Absolute Tempco -55°C to +125°C 

Matching Tempco -55°C to +125°C 

Resistance Voltage Coefficie!;1t 

Ovetload Resistance Shift 2.5 x rated voltage for 
5 seconds, T A = 25°C 

Rise Time 

TYP MAX UNITS 

±1 ±2 % 
or 
±2 

0.2 % 

80 

2 

Negligible IlVN 

0.5 % 

5 ns 

Note 1: Rated voltage is determined fr~m maximum package power dissipation and res'istance (PMAX ~}.; (Vi2) 'J. Maximum power 
per resistor is 1/4 watt. Ri' 

typical performance characteristics 
Power Derating 

'.0 H-+-+++++-+-H 

1.5 H--+-+-+-'k--+--+-+-H 

1.0 H-t-t-++--i'n ,-+-+-1 

0.5 H-t-++++--I\+-H 

-50 -10 30 70 110 150 

TA - AMBIENT TEMPERATURE re) 

9-2··" 
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Resistor Arrays 

NAll0NAL 

RA24, RA28 resistor termination networks 

general description 
The RA24 and RA28 are arrays of 24 or 28 resistors 
designed for use as digital transmission line terminators. 
The RA24-3k/6.2kN and RA28-3k/6.2kN are specifi­
cally tailored for programmable instrumentation ter­
minations per I EEE specification 488-1975 for bus 
organized peripheral control. 

Each array is manufactured using precision automatic 
laser trimming of high stability thin films. The thin film 
is then mounted on a high power dissipation lead frame 
and molded in the same Epoxy B used for National's 
semiconductor products. Complete automatic testing 

connection diagrams (Dual-In-Line Packages) 

RA24 

14 13 12 11 10 

R1 RZ Rt R2 Rt RZ At Rl Rt R2 Al Rl 

R2 Rl R2 Rl R2 Rl R2 Rl R2" Rl R2 > Rl 

.- ~ ~ I-- .......... ~ 
1 2 3 4 5 6 7 

See Package 17 

ordering information 

RA24 _ 220/270N 

Resistor Array ---' I 
Configuration Number~ 
Resistance Value ____________ -1 

Molded Epoxy - B DIP Package--------...J 

9·3 

and inexpensive Epoxy B packages provide low costs 
unprecedented in the resistor industry. 

Custom resistor arrays are also available from National. 
Possible options include unequal values, different 
configurations and tight tolerances to 0.01 %. 

features 

• Low Cost 
• Excellent tracking 2 ppm/"C 

• Low inductance 

RA28 

16 15 14 13 12 11 10 

Rl Rl Rt R2 Rt R2 Rt R2 Rl 112 Rl R2 Rt A2 

R2 ~ Rl R2 Rl R2 Rl R2 Rl R2~ Rl R2 Rl R2 Rl 

~ ~ ~ ...... ......-J - ~ 

1 2 3 4 5 6 7 8 

See Package 18 

Resistance Values 

PART NUMBER Rl R2 

RA24 - 220/270N 220 270 

RA24 - 220/33QN 220 330 

RA24 - 390/500N 390 500 

RA24 - 3k/6.2kN 3k 6.2k 

RA28 - 220/270N 220 270 

RA28 ~ 220/330N 220 330 

RA28 - 390/500N 390 500 

RA28 - 3k/6.2kN 3k 6.2k 

Resistance tolerance is ±5%. 
Values are listed in ohms. 

::a » 
N 
~ 
::a » 
N 
CO 



absolute maxim".., ratings 
Rated Voltage (Note 1) 

2.0W 
-5SoC to +l25°C 

Package Power at 25°C (See curve) 
Operating Temperature Range 
Storage Temperature Rante -55°C to +l50°C 
Lead Temperature' (Soldering, 10 seconds) 300°C 

electrica I cha racteristics 

PARAMETER CONDITIONS MIIII 

Resistor Tolerance T A = 25°C 

Resistor Matching T A = 25°C 

Absolute Tempco -55°C to +125°C 

Matching Tempco -55°C to +125°C 

Re~istance Voltage Coefficient 

Overload Resistance Shift 2.5 x rated voltage for 

5 seconds, T A = 25°C 

Rise Time 

TYP 

±1 

0.2 

80 

2 

Negligible 

5 

MAX 

±5 

0.5 

UNITS 

% 

% 

ppm/"C 

ppm/"C 

/1V/V 

% 

ns 

Note 1: Rated voltage is determined from maximum package poVll8r dissipation and resistance (PMAX 2: !: (Vi2) J. Maximum power 
per resistor is 1/4 watt. , 'Ai 

typical performance characteristics 

Power Derating 

!: 

i 
2.8 

"\ ~ 1.5 .. 
\. " ~ 

:; 1.0 
\. .. = ! 

'" U.5 , '" .. 
I\. 

-58 -18 38 7iJ 111 158 

TA -AMIIENTTEMPERATURE I'CI 
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NATIONAL 

AF100 universal active filter 

general description 

The AF100 state variable active filter is a general second 
order lumped RC network. Only four external resistors 
program the AF 1 00 for specific second order functions. 
Lowpass, high pass, and bandpass functions are available 
simultaneously at separate outputs. Notch and allpass 
functions are available by summing the outputs in the 
uncommitted output summing amplifier. Higher order 
systems are realized by cascading AF100 active filters 
with appropriate programming resistors. 

Any of the classical filter configurations, such as Butter­
worth, Bessel, Cauer, and Chebyshev can be formed. 

connection diagrams 

Dual~1 n-L ine Package 

BANDPASS AMP AMP NO 
PIN 

NO 
PIN INT 1 OUTPUT -V OUTPUT - INPUT GND 

INPUT INPUT HIGHPASS +V lQWPASS AMP INT 2 
OUTPUT OUTPUT + INPUT 

TOP VIEW 

Package 24 

Order Numbers 
AF100-1CJ 
AF10Q-2CJ 

NO 
PIN 

Active Filters 

features 

• Military or commercial specifications 

• Independent 0, frequency, gain adjustments 

• Low sensitivity to external component variation 

• Separate lowpass, high pass, bandpass outputs 

• Inputs may be differential, inverting, or non-inverting 

• Allpass and notch outputs may be formed using 
uncommitted amplifier 

• Operates to 10kHz 

• Q range to 500 
• Power supply range 

• Frequency accuracy 

• Q frequency product::; 50,000 

INPUT 1 

INPUT 2 

HIGHPASS 
OUTPUT 

Metal Can Package 

INT 1 

INT 2 

TOP VIEW 

Package 6 

Order Numbers 
AF100-1CG 
AF100-1G 

AF100-2CG 
AF100-2G 

±5V to ±18V 

±1% unadjusted 

AMP 
OUTPUT 

» 
"T1 ... o 
o 
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absolute maximum ratings 
Supply'Voltage ±18V 
Power Dissipation 
Differential Input Voltage 

900 mW/Package (500 mW/Amp) 
±36V 

Output Short Circuit Duration (Note 1) 
Lead Temperature (Soldering, 10 seconds) 

Infinite 
300°C 

Operating Temperature 
AF 100-lCJ/AF 100-2CJ/AF100-1CGiAF100-2CG -25°C to +85°C 
AF100-1G, AF100·2G -55·C to +125°C 

Storage Temperature 
AF100-1G, AF100-2G, 
AF100-1CG, AF100·2CG 
AF100-1CJ, AF100-2CJ 

-65"C to +125"C 

electrical characteristics (Complete Active Filter) (Note 2) 

PARAMETER CONDITIONS 

Frequency Range fc x Q :::: 50,000 

Q Range fc x Q:::: 50,000 

fa Accuracy 

AF100·l, AF100·1C fc x Q:::: 10,000, T A = 25°c 

AF100·2, AF100·2C fcx Q:::: 10,000, T A = 25°C 

fa Temperature Coefficient 

Q Accuracy fc x Q:::: 10,000, T A = 25°C 

Q Temperature Coefficient 

Power Supply Current Vs = ±15V 

electrical characteristics (Internal Op Amp) (Note 3) 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

I nput. Bias Current 

I nput Resistance 

Large Signal Voltage Gain 

Output Voltage Swing 

Input Voltage Range 

. 

Common Mode Rejection Ratio 

Supply Voltage Rejection Ratio 

Output Short Circuit Current 

Slew Rate (Unity Gain) 

Small Signal Bandwidth 

Phase Margin 

CONDITIONS 

Rs:::: 10 kD 

RL;:O: 2k 

VOUT =±10V 

RL = 10 kD 

RL = 2 kD 

Rs:::: 10 kD 

Rs:::: 10 kD 

MIN 

MIN 

25 

±12 

±10 

±12 

70 

77 

TYP 

±50 

±300 

2.5 

TYP 

1.0 

4 

30 

2.5 

160 

±14 

±13 

90 

96 

25 

0.6 

1 

60 

MAX 

10k 

500 

±2.5 

±1.0 

±150 

±7.5 

±750 

4.5 

MAX 

6.0 

50 

200 

UNITS 

Hz 

Hz/Hz 

% 

% 

ppmtC 

% 

ppmtC 

mA 

UNITS 

mV 

nA 

nA 

MD 

V/mV 

V 

V 

V 

dB 

dB 

rnA 

V//-ls 

MHz 

Degrees 

Note 1: Any of the amplifiers can be shorted to ground indefinitely, however more than one should not be simultaneously shorted as the maximum 
junction temperature will be exceeded. 

Note 2: Specifications apply for Vs = ±15V, over _25°C to +85°C lor the AF100·1C and AF100·2C and over _55°C to +125°C for the AFrOO·l -
and AF100<;!!~, unless otherwise specified. 

Note 3: Specifications apply for Vs = ±15V, TA = 25°C: 

10·2 



applications information 

HIGHPASS BANDPASS LOWPASS AMP IN 

r .., 
IN2o-~-'~VVY--+---4-------4-------+-------+ 

IN'o-~~------~~--------~ 

,,>--.....,.--0 
+ 

....J 

AMPIN + 

FIGURE 1. AF100 Schematic 

CIRCUIT DESCRIPTION AND OPERATION 

A schematic of the AF100 is shown in Figure 1. 
A<):1plifier A 1 is a summing amplifier with inputs from 
in'tegrator A2 to the non·inverting input and integrator 
A3 to the inverting input. Amplifier A4 is an uncommitted 
amplifier. 

By adding external resistors the circuit can be used to 
generate the second order system 

T(s) 
a3s2 + a2s + a1 

s2 + b2s+ b, 

The denominator coefficients determine the complex 
" pole pair location and the quality of the poles where 

Wo = vb,' = the radian center frequency 

Wo 
Q = - = the quality of the complex pole pair 

b2 

If the output is taken from the output of A 1, numerator 
coefficients a, and a2 equal zero, and the transfer func­
tion becomes: 

(high pass) 

If the output is taken from the output of A2, numerator 
coefficients a, and a3 equal zero and the transfer func­
tion becomes: 

T(s) = ___ a...:2:...s __ _ (bandpass) 

If the output is taken from the output of A3, numerator 
coefficients a3 and a2 equal zero and the transfer func­
tion becomes: 

a1 
T(s) = --'---- (lowpass) 

10-3 

Using proper input and output connections the circuit 
can also be used to generate the transfer functions for a 
notch and all pass filter. 

I n the transfer function for a notch function a2 becomes 
zero, a, equals 1, and a3 equals Wz 2. The transfer 
function becomes: 

(notch) 

In the all pass transfer function a, = 1, a2 = -wo/Q and 
a3 = Wo 2. The transfer function becomes: 

s2 Wo 2 .- Os+ Wo 

T(s)=----- (all pass) 

COMMON CONFIGURATIONS 

The specific transfer functions for some of the most 
useful circuit configurations using the AF100 are ill­
ustrated in Figures 2 through 8. Also included are the 
gain equations for each transfer function in the fre­
quency band of interest, the Q equation, center fre­
quency equation and the Q determining resistor 
equation. 

,0> 

RO' 

'. 
HIGHPASS 

*Externaf comp(Jn~llti 

lOOk 

1000pF 
RF ,. 

" BANDPASS 

FIGURE 2. Non-inverting Input (0 > 0MIN, 
See a Tuning Section) 

1000pF 

LOWPASS 

l> 
-n 
...A 

o o 



applications information (con't) 

a) Non-inverting input (Figure 2) transfer equations are: 

e, 

e'N 

W, 

where 

2 [ 1.1 ] 
S " RIN R'IN 

1+-+-
105 RO 

(highpass) 

(bandpass) 

[ " 
W1 W 2 . (Iowpass) 

R'N "" ] 1+- + 
105 RO . 

109 109 

RFl 
W2 =-

RF2 

[ 

1.1 

105 

1,+- + 
RO 

5]Wl +0.1 W,W2 
10 

R'N 

11 

( R'N 
1+- + 

105 

1.1 

( R'N 
1+- + 105 

RIN) 
RO 

R, IN) 
RO 

( 
105 105

) 

1+;;;;;+FiQ Jo1 (~) 
1.1 W, 

1 --

lUUk 

'. ' .. 
HtGHPASS BANDPASS" 

~EKterllal component, 

" lQWPASS 

FIGURE 3. Non-Inverting Input (a < aMIN, See a Tuning Section) 
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b) Non-inverting input (Figure 3) transfer equations are: 

1.1+ Rn 

R'N ' 
1+-

eh 

" [ 'if ] 

105 

e'N Il 

where 

-SWl 

eb 

e'N 

W1 W 2 

e, 

e'N 

109 
W, 

RF1 

[ "'] Weo 

R'N 
1+-

105 

Il 

["':0] R'N 1+-
105 

Il 

109 
W2=-

RF2 

, ~'1 + RO 
[ 

1041 
105 

1+­
R'N 

104 
1.1 +­

RO 

0.1 (l+ RIN) 
\: 105 

104 
1.1 +­

RO· 

105 
1+-

~I =-~ 
elN w '" Wo 1 + RIN 

105 

(highpass) 

(bandpass) 

(Iowpass) 

-1.1 



applications information (con't) 

10k 

Ro' 

'£~tert\al tomponents 

'., 
HIGHPASS 

RF1' 

lUOk 

". 
BANDPASS 

FIGURE 4. Inverting Input 

" LQWPASS 

C) I nverting input (Figure 4) transfer function equations 
are: 

104 
-52 _ 

eh R'N -----
e'N l> 

(highpass) 

104 

sw, 
R'N eb 

e'N l> 
(bandpass) 

104 

-w, W2 

R'N e, 

e' N l> 
(Iowpass) 

109 109 
W1=-

RF, 
W2=-

RF2 

where 

[ ,if 1 1.1+ -

D.:::: 52 + S (,)1 
R'N 

105 
+ 0.1 (,)1(.)2 

1+-
RQ 

(Iowpass) 

(high pass) 

104 
( 105

) - 1+-

eb I = R'N RO 
(bandpass) 

e'N 104 

w =wo 1+-
R'N 

Wo =VO.1 (,)1(,)2 

[ >e' 1 1+-

Jo.l~ RO 
0= -------;Q4 

1.1 +-
W, 

R'N 

105 

RO= 
0 

( 10
4

) 

Jo.l~ 
1.1+- - 1 

R'N 

W, 

10·5 

10k 

Ro' 

'E~tert!il components 

'., 
HIGHPASS 

Rfl' 

lOOk 

IDOk 

'" BANDPASS 

FIGURE 5. Diff ... entiltt Input 

lono"F 

lOWPASS 

d) Differential input (Figure 5) transfer function equa· 
tions are: 

(highi>ass) 

10" 
-5(,),--

eb R'N2 

e' N l> 
(bandpass) 

104 

W'W2 --
e, R'N2 

e'N l> 
(lowp,ss) 

where 
1.1+--[ ,~ 1 '" w,w, 

D. = 52 + 5 ('), 
RIN2 

105 105 
1+- + 

RO RINl 

e, I 105 

"IN RIN2 
s->O 

"h I 10" 

"IN RIN2 
s->= 

( 105 105
) 0.1 1+--+-

"b I R,N , RO 

"IN (.1+~) w=wo 
RIN2 

0= [1+~ :}!;, 1 
11+-­

R'N2 

105 
RO= 

0 

( 10
4

) 
105 

Jol~ 1.1+-- -1--
RIN2 RIN2 W, 

» 
::!2 o 
o 
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applications information (con't) 
tOOk 

HlOilpf 10DO'pF 

R," 

lOOk 
Ro" 

+EKternaltomponents 

FIGURE 6. Output Notch Using All Four Amplifiers 

e) Output notch (Figure 6) transfer function equations 
are:, 

[ " 1 1,2+WZ2) . R'N R'N Rg 
1+~+ -

en 100 RO Rh 

·,N 
<., w, [ 

1.1 

105 
W, 1 1+- + +'0.16.)16.)2 

RO R'N 

W, 

en I 
e'N 

, -+ 0 

1.1 Rg 

( 1 + RI~ + RIN) Rh 
10 RQ 

=0 

tOOk 

'., '. 
*Ext&rnalcomponents 

FIGURE 7. Input Notch Using-Three Amplifiers 

j) Input notch (Figure 7) transfer function equations 
are: 

10-6 

W, 

Wz == Wo 

·External compo~ents 

RF2 X 10-9 

Rz Cz 

, /2 

C~:9) '/2 

Wo =VO.l W,W2 

FIGURE 8. Allpa .. 

g) Allpass (Figure 8) transfer function equations are: 

105 

2+­
RQ 

Q=--
1.1 

[ 
1.1 1 S2 - S w, --- + Wo 2 

R'N 
2+-

RO 

,2 + , w, [_1.1 1 + Wo 2 
R'N 

2+ -
RO 

f7{2 
0.1-

w, 

Wo ""va.1 W,6.)2 

20 
Time delay at wQ = - seconds 

Wo 

FREQUENCY TUNING 

To tune the AF100 two resistors are required for 
frequencies between 200 Hz and 10kHz. For lower 
frequencies "T" tuning or addition of external capacitors 



applications information (con't) 

is required. Using external capacitors allows the user to 
go as low in frequency as he desires. "T" tuning and 
external capacitors can be used together. 

Two resistor tuning for 200 Hz to 1 0 kHz 

50.33 x 106 

Rf = !1 
fo 

R, 

I, 

AFll10J 

113 I' 

FIGURE 9. Resistive Tuning 

GRAPH A. Resistive Tuning 

1000 

~ 100 w 
u 
Z 

'" in 

~ 10 

~ 

100 1k 10k 

fe-FREQUENCY (Hz) 

"T" resistive tuning for fo < 20.0 Hz 

R 2 
Rs = __ t __ 

R, - 2R t 

R < RF 
t 2 

AF100J 

RS RS 

FIGURE 10. T Tuning 

GRAPH B. "TH Tuning 

lOOk 

s 
u 

10k 
z 

RT '" 100 

~ 
~ 
~ AT "',5Dk 

.£ lk 

100 IIIIII 
10 100 

FREQUENCY (Hz) 

lk 
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RC tuning for fo < 200 Hz 

R, 

AF100J 

FIGURE 11. Low Frequency Re Tuning 

Q TUNING 

To tune the 0 of an AF100 requires one resistor from 
pins 1 or 2 to ground. The value of the 0 tuning resistor 
depends on the input connection and input resistance 
as well as.the value of the O. The 0 of the unit is 
inversely proportional to resistance to ground at pin 1 
and directly proportional to resistance to ground from 
pin 2. 

10' 

10' 

z 

'" 
10' 

10' 

GRAPH C. aMIN. 
Non-Inverting Input 

0.1 1.0 10 

For 0 > OMIN in non-inverting mode: 

RO = -----1--,050-

3.480- 1-
RIN 

o-----Wlr-.... -'-I + AF 1 00 

100 

FIGURE 12. a Tuning for a > ~IN' 
Non-Inverting Input 

» 
"T1 .... o 
o 
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applications information (con't) 
GRAPH D. a > aMIN. 
Non-I nverting Input 

lOOk l1li. 
10k 

Ik 

100 
0.1 10 100 

Q 

For 0 < OMIN in non-inverting mode: 

RO= 

0.3162 - 1.1 

R" 
o--,\Mr-",,!' + 

AF10[J 

,_2-

FIGURE 13. a Tuning for a < aMIN. 
Non-Inverting 'r:-put 

lOOk 

10k 

Ik 

100 

GRAPH E. a < aMIN. 
Non·hlVerting Input 

0.01 0.1 1.0 

Q 

For any 0 in inverting mode: 

105 

RO = ------,---:c:---

( 1.1 + 104') 

R'N 
3.160 - 1 

AF100 

~+ 

FIGURE 14. a Tuning Inverting Input 

10-8 

1M 

100k 

10k 

Ik 

GRAPH F. a Tuning. 
Inverting Input 

0.1 10 100 

a 

NOTCH TUNING 

Two methods to generate notches are the RC input and 
lowpass/highpass summing. The RC input method re­
quires adding a capacitor and resistor connected to the 
two integrator inputs. The capacitor connects to "I nt 1" 
and the resistor connects to "I nt 2." The output summing 
requires two resistors connected to the lowpass and 
highpass output. 

For input RC notch tuning: 

AF100J 
13 

OUTPUT 

R, 

INPUT 0--... -------' 

FIGURE 15. Input RC Notch 

GRAPH G. Input RC Notch 

For output notch tuning: 

(~) 
13 

HP • 

AFHIOJ r--o OUTPUT 

lP 

FIGURE 16. Output Notch 



applications information (con't) 

GRAPH H. Output Notch 10 

0'1,,_ 
0.01 LLJI:LU.WL...LilJlllLLLWllll 0.1 10 100 

TUNING TIPS 

In applications where 2 to 3% accuracy is not sufficient 
to provide the required filter response, the AF100 stages 
can be tuned by adding trim pots or trim resistors in 
series or parallel with one of the fr.equency determining 
resistors and the 0 determining resistor. 

When tuning a filter section, no matter what output 
configuration is to be used in the circuit, measurements 
are made between the input and the bandpass (pin 13) 
output. 

Before any tUlling is attempted the lowpass (pin 7) 
output should be checked to see that the output is not 
clipping. At the center frequency of the section the 
lowpass output is 10 dB higher than the bandpass output 
and 20 dB higher than the high pass. This should be kept 
in mind because if clipping occurs the results obtained 
when tuning will be incorrect. 

Frequency Tuning 

By adjusting the resistance between pins 7 and 13 the 
center frequency of a section can be adjusted. If the 
input is through pin 1 the phase shift at center frequency 
will be 180° and if the input is through pin 2 the phase 
shift at center frequency will be 0°. Adjusting center 
frequency by phase is the most accurate but tuning for 
maximum gain is also correct. 

"0" Tuning 

The "0" is tuned by adjusting the resistance between 
pin 1 or 2 and ground. Low 0 tuning resistors will 'be 
from pin 2 to ground (0 < 0.6). High 0 tuning 
resistors will be from pin 1 to ground. To tune the 0 
correctly the signal source must have an output im· 
pedance very much lower than the input resistance of 
the filter since the input resistance affects the O. The 
input must be driven through the same resistance the 
circuit will see to obtain precise adjustment. 

The lower 3 dB (45°) frequency, fL' and the upper 
3 dB (45°) frequency, fH' can be calculated by the 
following equations: 

10·9 

where f 0 = center frequency 

When adjusting the 0, set the signal source to either fH 
or fL and adjust for 45° phase change or a 3 dB gain 
change. 

Notch Tuning 

If a circuit has a jw axis zero pair the notch can be 
tuned by adjusting the ratio of the summing resistors 
(Iowpass/highpass summing) or the input resistance 
(input RC). . 

I n either case the signal is connected to the input and the 
proper resistor is adjusted for a null at the output. 

Special Cases 

When using the input RC notch the unit cannot be tuned 
through the normal input so an additional lOOk resistor 
can be added at pin 1 and the unit can be tuned 
normally. Then the lOOk' input resistor should be 
grounded and the notch tuned through the normal 
RC input. 

An alternative way of tuning is to tune using the 0 
resistor as the input. This requires the 0 resistor be 
lifted from ground and connecting the signal source to 
the normally grounded end of the 0 resistor. This has 
the problem that when the 0 resistor is grounded after 
tuning, its value is decreased by the output impedance of 
the source. This technique has the advantage of not 
requiring an additional resistor. 

TUNING PROCEDURE (See Figure 17) 

Center Frequency Tuning 

Set oscillator to center frequency desired for the filter 
section, adjust amplitude and check that clipping does 
not occur at the lowpass output pin 5 (AF100J). 

Adjust the resistance between pins 13 and 7 unti I the 
phase shift between input and bandpass output is 180°. 

OTuning 

Set oscillator to upper or lower 45° frequency (see 
tuning tips) and tune the 0 resistor until the phase 
shift is 1350 (upper 45° frequency) or 225° (lower 45° 
frequency). 

Zero Tuning 

Set the oscillator output to the zero frequency and 
tune the zero resistor for a null at the output of the 
summing amplifier. 

Gain Adjust 

Set the oscillator to any desired frequency and the gain 
can be adjusted by measuring the output of the summing 
amplifier and adjusting the feedback resistance. 



o o 
li: 
c( 

applications information (con't) 

FIGURE 17. Filter Tunin~'Setup 

v. 
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AF100J 

Rn 

V/2 (PSEUDO GROUND) 

FIGURE 18. Single Power Supply Connection Using 
Uncommitted Amplifier to Split Supply 
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lOOk 

lOOk 

lOOk 
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1.0341< 

Perf(lrm~lIce 
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0.1 dB notch width ~ 100 Hz 
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12 

FIGURE 19. Single Power Supply 
Connection Using Resistive Dividers 
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FIGURE 20. 1010 Hz Notch-Telephone Holding Tone Reject Filter 
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lOOk 

FILTER DESIGN 
Since most filter tables are in terms of a normalized 
lowpass prototype, the filter to be designed is usually 
reduced to a low pass prototype. After the lowpass 

transfer function is found, it is transformed to obtain the 
transfer function for the actual filter desired. Graph I 
shows the lowpass amplitude response which can be 
defined by four quantities. 

10-10 
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GRAPH I. Lowpass Prototype Response 

'N 

/"" 
Ie Is 

LOG FREOUENCY 

the maximum peak to peak ripple in the 
passband. 

the minimum attenuation in the stopband. 

the passband cutoff frequency. 

the stopband start frequency. 

By defining these four quantities for the lowpass 
prototype the normalized pole and zero locations and 
the Q (quality) of the poles can be determined from 
tables or by computer programs. 

To obtain the lowpass prototype for the highpass filter 
(Graph J) AM AX and AMIN are the same as for the 
lowpass case butfe = l/f2 and fs = l/f,. 

GRAPH J. Highpass Response 

To obtai n the lowpass prototype for a ban dpass fi Iter 
(Graph K) AM AX and AM IN are the same as for the 
lowpass case but 

f5' - f, 
fe = 1 fs =--

14 - f2 

where f3 = ~ = ~ i.e. geometric symmetry 

AMIN bandwidth 
Ripple bandwidth 

GRAPH K. Bandpass Response 

To obtain the lowpass prototype for the notch filter 
(Graph L) A MAX and AMIN are the same as for the 
lowpass case and 

fe = 1 

where 

10-11 
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GRAPH L. Notch Response 
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Normalized Lowpass Transformed To Un-Normalized 
Lowpass 

The normalized lowpass filter has the passband edge 
normalized to unity. The un-normalized lowpass filter 
instead' has the passband edge at fe . The normalized and 
un·normalized low pass filters are related by the trans­
formation s = sw e . This transforms the normalized 
passband edge s = j to the un·normalized passband 
edge s = jWe. 

Normalized Lowpass Transformed To Un-Normalized 
Highpass 

The transformation that can be used for lowpass to 
highpass is S = we/s. Since S is inversely proportional to 
5, the low frequency and high frequency responses are 
interchanged. The normalized lowpass 1/(S2 + S/Q+1) 
transforms to the un·normalized highpass 

s2 

Normalized Lowpass Transformed To Un-Normalized 
Bandpass 

The transformation that can be u5ed for lowpass to 
bandpass is S = .5 2 + Wo 2/BINs where Wo 2 is the center 
frequency of the desired bandpass filter and BW is the 
ripple bandwidth. 

Normalized Lowpass Transformed To Un-Normalized 
Bandstop (Or Notch) 

The bandstop filter has a reciprocal response to a 
bandpass filter. Therefore a bandstop filter can be 
obtained by first transforming the lowpass prototype 
to a highpass and then performing the bandpass 
transformation. 

SELECTION OF TRANSFER FUNCTION 

The selection of a function which approximates the 
shape of the response desired is a campi icated process. 
Except in the simplest cases it requires the use of tables 
or computer programs. The form of the transfer func­
tion desired is in terms of the pole and zero locations. 
The most common approximations found in tables are 
Butterworth, Tschebycheff, Elliptic, and Bessel. The 
decision as to which approximation to use is usually 
a function of ,the requirements and system objectives. 
Butterworth filters are the simplest but have the dis­
advantage of requiring high order transfer functions to 
obtain sharp roll-offs. 

J> 
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The Tschebycheff function is a min/max approximation 
in the passband. This approximation has the property 
that it is equiripple which means that the error oscillates 
between maximums and minimums of equal amplitude 
in the passband. The Tschebycheff approximation, be­
cause of its equiripple nature, has a much steeper tr,ans­
ition region than the Butterworth approximation. 

The elliptic filter, also known as Cauer or Zolotarev 
filters, are equiripple in the,passband and stopband and 
have a steeper transition region than the Butterworth or 
the Tschebycheff, 

For a specific lowpass filter three quantities can be used 
to determine the degree of the transfer function: the 
maximum passband ripple, the minimum stopband 
attenuation, and the transition ratio (tr. = ws/wcl, 
Decreasing AMAX , increasing AMIN , or decreasing tr 
will increase the degree of the transfer function. But 
for the same requirements the elliptic filter will require 
the lowest order transfer function. Tables and graphs 
are available in reference books such as "Reference 
Data for Radio Engineers," Howard W. Sams & Co., Inc., 
5th Edition, 1970 and Erich Christian and Egon Eisen· 
mann, "Filter Design Tables and Graphs," John Wiley 
and Sons, 1966. 

For specific transfer functions and their pole locations 
such text as Louis Weinberg, "Network Analysis and 
Synthesis," McGraw Hill Book Company, 1962 and 
Richard W. Daniels, "Approximation Methods for Elec­
tronic Filter Design," McGraw-Hili Book Company, 
1974, are available. 

DESIGN OF .CASCADED MULTISECTION FILTERS 

The first step in designing is to define the response 
required and define the performance specifications: 

1. Type of filter: 
Lowpass, highpass, bandpass, notch, all pass 

2, Attenuation and frequency response 

3. Performance 
Center frequency/corner frequency plus tolerance 
and stability 

Insertion loss/gain plus tolerance and stability 

Source impedance 

Load impedance 

Maximum output noise 

Power consumption 

Power supply voltage 

Dynamic range 

Maximum output level 

Second step is to find the pole and zero location for 
the transfer function which meet the above require­
ments. This can be done by using tables and graphs or 
network synthesis. The form of the transfer function 
which is easiest to convert to a cascaded filter is a 
product of first and second order terms in these forms: 

First Order 

K 

Ks 

Second Order 

K 

Ks 

K(S2+WZ2) 

S2 _ was + W 2 

Q ° 

(low pass) 

(high pass) 

(bandpass) 

(notch) 

(allpass) 

Each of the second order functions is realizable by 
tuning an AF100 stage. By cascading these stages the 
desired transfer function is realized. 

CASCADING SECOND ORDER STAGES 

The primary concern in cascading second order stages 
is to minimize the maximum difference in amplitude 
from input to output over the frequencies of interest. 
A computer program is probablv required in very com­
pi icated cases but some general rules that can be used 
that will usually give satisfactory results are: 

GRA~H M. Generalized Model Response 

RIPPLE _ dB (AMAXJ '1 
~====ycr~====== 

-3 dB AT H, -------

AM IN _ dB ----..-0;;:--

I II 
fo_Hz fs f4 f2_Hz 
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1. The highest "0" pole pair should be paired with 
the zero pair closest in frequency. 

2. If high pass and lowpass stages are cascaded the 
lowpass sections should be the higher frequency 
and highpass sections the lower frequency. 

Fe = 1 

Fs = 1.3 

lOUk 

3.93k 

Lowpass Elliptic Filter 

3. I n cascaded filters of more than two sections the 
first section should be the section with "0" closest 
to 0.707 and then additional stages should be 
added in order of least difference between first 
stage 0 and their O. 

R" 
77.6k 405k tOOk 

6th Order Elliptic Filter 

A MAX = 0.1 dB 

AMIN = 40 dB 

N=6 

101 = 1.0415 Q , = 7.88 IZI = 1.329 Iz/Io = 1.28 (~) , = 1.63 

10 , = 0.9165 Q, = 1.79 Iz, = 1.664 Iz/Io = 1.82 (~r 
103 = 0.649 

at 1000 Hz = Ie 

RFI = 43.3k 

Q3 = 0.625 IZ3 = 4.1285 Iz/Io = 6.36 (~r 

RF, = 54.9k 

(503.3) 
RF3 = --­

f03 x fc 

RF3=77.6k 

= 3.30 

= 40.5 

FIGURE 21. Lowpass Elliptic Filter Example 

V> 

lOOk 
INPUT O--Av ........ --~ 

AF10DJ OUTPUT 
217k 

13 

~ 
z 

50.3Jk SO.3Jk SO.J3k 50.JJk ~ 

25.1511 25.1Sk 

Gainatdt=+lldB 
Gllnl11 kHz/50DHz= IOdB 

o o 

-6 

-12 

-18 

-24 

-30 

-36 

-42 

-48 

-54 

+6 

-6 

-12 

-18 

-24 

-30 

-36 

-42 

-48 

-54 

0.01 0.1 

FREQUENCY (~H,) 

500/1000 Hz Switchable 
Butterworth Lowpass Filter 

100 

"-
'\.1\. 

I" 

1000 

FREQUENCY (Hz) 

FIGURE 22. Switch.ble Filter Example: 500 Hz/l000 Hz Butterworth Lowpa" 
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lOOk 

8.818k 

150k !50k 

-=-

TEST 

Q 

v. 

11 

AF10DJ 

131214 

HIOk 

150k 150k' 

-= 
EEG Delta Filter 

+6 

-6 

-12 

~ -18 

" -24 

~ -30 / 
-36 

-42 

-48 

-54 
10 100 1000 

FREQUENCY (Hz) 

FIGURE 23. EEG Delta Filter-3 Hz Lowpa .. 

limits and Conditions for Use with Test Circuit 

CONDITION 

'Phase Shift 180" 

Q~~ 
BW 

BW=f 45o"-f,45 

LIMIT 

503.3 Hz ±1% 

20 ±7.5% 

-10 dB ±O.15 dB 

O±O.15dB 

tl0d8±O.15dB 

o ± 0.1 dB 

DC Offset 

Measured at f c 2k load 

Measured at f c 2k load 

Measured at fc 2k load 

Measured at fc 2k load 

Input Level OV ±200 mV max 

Power Supply Current No I nput Signal 

INPUT 

POWER SUPPLY 
CURRENT 
~ 

O.O"'F~ 

10 

D.D1 JJ FT 
10k ":'" v-

100~ 

4.5 mA max 

AMP 
OUT 

AMP 
IN-

FIGURE 24. Device Test Fixture 
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FIGURE 25. Test Circuit Block Diagram 

COMPUTER AIDED DESIGN EXAMPLE* 

This design is an example of a 60 Hz notch filter. The 
response is to have the following specifications: 

Maximum passband ripple 0.1 dB 

Minimum rejection 35 dB 

0.1 dB bandwidth 15 Hz max 

-35 dB bandwidth 1.5 Hz min 

The steps in the design of this filter are: 

1. Design a lowpass "prototype" for the filt~r. 

2. Transformation of the lowpass prototype into a 
notch filter design. 

3. Using the pole and zero locations found in step 
two calculate the value of the resistors required 
to build the filter. 

4. Draw a schematic of filter using values obtained 
in step three. 

*Computer programs shown are user interactive. Unde~lined copy is user input, non-underlined copy is computer response, flnd line 
indications in parenthesis are included for easy identification of data common to several programs. 

PROGRAM NO.1 

THIS PROGRAM DESIGNS BUTTERWORTH CHEBYCHEFF OR ELLIPTIC NORMALIZED 
LOWPASS FILTERS 
WHAT TYPE OF FILTER? B-C-E 

ELLIPTIC 

DO YOU KNOW THE ORDER OF THE FILTER? YIN 
? NO 
INPUT FC,FS,AMAX,AMIN 
? 1, 10 .. 1,35 

FC 1.000 
FS 10.000 
AM AX .100 
AMIN 35.000 
N 2.000 
ATT AT FS -35.671 

IS THIS SATISFACTORY? YIN 
? YES 

F 0 

(ATTENUATION IN dB) 

1.823 (Line 1.1) .775 (Line 1.2) 

Z 
14.12~ (Line 1.3) 

10-15 
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<C 
PROGRAM NO.2 

(DETERMINES UN-NORMALIZED 

ENTER FREQUENCY SCALING FACTOR 
? 1 

POLE + ZERO LOCATIONS OF FIRST SECTION) 
ENTER THE # OF F I L TERS TO BE DESIGNED 

? 1 
(DATA ENTERED FROM PROGRAM NO.1) ENTER THE C.F. AND BW OF EACH FILTER 

? 60,15 

RUN 

FREQUENCY 

40.000 
45.000 
50.000 
55.000 
56 .. 000 
57.000 
58.000 
58.200 
58.400 
58.600 
58.800 
59.000 
59.200 
59.400 
59.600 
59.800 
60.00· 
60.200 
60.400 

RUN 
WHAT TYPE FILTER BANDPASS OR NOTCH 
? NOTCH 
ENTER # OF POLE PAIRS? 1 

ENTER # OF J'l!I AXIS ZEROS? 1 OUTPUT OF PROGRAM NO.2 

ENTER #OF REAL POLES? .Q 

ENTER #OF ZEROS AT ZERO? Q 

TRANSFORMED POLE/ZERO LOCATIONS 

ENTER #OF COMPLEX ZEROS? Q 

ENTER #OF REAL ZEROS? Q 

FIRST SECTION 

POLE LOCATIONS 
CENTER FREQ. Q 

56.93601 (From Line 2.3) 11.31813 (From Line 2.4) 
ENTER F & Q.OF EACH POLE PAIR, 63.228877 (From Line 2.5) 11.31813 (From Line 2.6) 

? 1.823 .. 775 (FROM LINE 1.1 ANO LINE 1.2) JW AXIS ZEROS 

ENTER VALUES OF JW AXIS ZEROS 
? 14.124 (FROM LINE 1.3) 

59.471339 (From Line 2. 1) 
60.533361 (From Line 22 

NOR. GAIN (DB) PHASE 

.032 347.69 

.060 342.20 

.100' 330.70 
-.795 290.54 

-2.29B 270.61 
-5.813 245.51 

-12.748 220.19 
-14.740 215.54 
-17.032 211.06 
-19.722 206.76 
-22.983 202.61 
-27.1.72 1118.60 
-33.235 194.72 
-46.300 190.94 
-42.909 7.24 
-36.897 3.60 
-35.567 360.00 
-36.887 356.41 
-42.757 352.81 

PROGRAM NO.3 

(CHECK OF FILTER RESPONSE USING 

PROGRAM NO.2 DATA BASE) 

NUMERATOR (ZEROS) 
A(I )SA 2+R(I )S+Z(I)I\ 2 

1 0 59.471339 
1 0 60.533361 

REAL POLE 

COMPLEX POLE PAl RS 

F Q 

(From Line 2. 1) 

(From Line 2.2) 

1 56.93601 11:31813 (From Lines 2.3 and 2.4) 
2 63.228877 11.31813 (From Lines 2.5 and 2.6) 

DELAY NOR. DELAY FREQUENCY NOR. GAIN (DB) 

.. 002275 5.847169 60.600 -47.102 
.004107 8.749738 60.800 -33.650 
.009983 21.268142 61.000 -27.577 
.046620 99.324027 61.200. -23.418 
.063945 136.234562 ,61.400 -20.198 
.072894 155.299278 61.600 -17.554 
.065758 140.096912 61.800 -15.308 
.063369 135.006390 62.000 -13.362 
.060979 129.914831 63.000 --6.557 . 
.058692 . 125.043324 64.000 -2.936 
.056588 120.561087 65.000 -1.215 
.054724 116.589928 66.000 -.463 
.053139 Il3.212012 67.000 -.138 
.051856 110.478482 7.0.000 .091 
.050888 108.417405 75.000 .OS5 
.050242 107.040235 80.000 .060 
.049916 106.346516 85.000 .043' 
.049907 106,326777 90.000 .032 
.050206 106.963750 

lO-1,6e, 

. PHASE. 

169.17 
165.48 
161.72 
157.87 
153.92 
149.85 
145.65 
141.33 
118.23 
95.30 
76.38 
62.43 
52.44 

·35:43 
23.44 
17.80 
14.50 
12.31 

DELAY NOR. DELAY 

.050801 108.2320~1 

.051677 110.096278 

.052809 112.508334 

.054167. 115.403169 

.055712 118.694436 

.057391 122.270086 

.059136 125.989157 

.060869 129.681062 

.065975 140.559984 

.059402 126.556312 

.045424 96.774832 

.032614 69.484716 

.023498 50.062947 

.010452 22.267368 

.004250 9.054574 

.002310 4.921727 

.001460 3.110493 

.001011 2.154297 
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}RUN 

PROGRAM NO.4 

DESIGN OF FIRST SECTION 

WHICH FILTER AF100 -J OR G? 
?1 
WHAT TYPE OF FILTER SECTION? HIGHPASS-BANDPASS-LOWPASS-NOTCH-ALLPASS 
? NOTCH 
INPUT FC AND Q VALUES 
? 56.93601. 11.31 B13 (FROM LINES 2.3 AND 2.4) 
INPUT REAL POLE AND CAPACITOR VALUES IF NONE ENTER 0 
?Q 
INPUT ZERO LOCATION 
? 59.471339 (FROM LINE 2.1) 
ARE TUNING INSTRUCTIONS REQUIRED? 
? YES 

TUNING INSTRUCTION 

PHASE SHIFT FROM INPUT TO PIN 13 SHOULD BE lBO DEG. AT 56.93601 HZ. 
IF TUNING IS REQUIRED, RF2 FROM PINS 7 TO 13SHOULD BE ADJUSTED. 
PHASE SHIFT FROM INPUTTO PIN 13SHOULD BE 135 DE(3. AT 59.506798HZ. 
OR 225 DEG. AT 54.476284 HZ. . 
IF TUNING IS REQUIRED RQ FROM 1 OR 2 TO GROUND SHOULD BE ADJUSTED 
GAINATPIN 11 AT 59.471339SHOULDBEOIFNOT 
ADJUST RHP FROM PIN 3 TO 10 FOR NULL 

FC= 56.93601 Q= 11.31813 F(L-3DB} = 54.476284 F(H-;-3DB} = 59.506798 

GAIN AT F}} FC= .OODB 

FUNCTION CONNECTION VALUE OF EXTERNAL 
FROM TO RESISTORS IN OHMS 

R IN INPUT 100000.000 

RO GND 2675.931 

RFl 3 14 883960.996 

RF2 7 13 883960.996 

RLP 5 10 100000.000 

RHP 3 10 10910.418 

RG 10 11 357910.697 

+v 4 

-V 12 

GND 9 

GND 6 

OUTPUT PIN 11 

10.17 , 
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PROGRAM NO.4 

OESIGN OF SECOND SECTION 

WHAT TYPE OF FILTER SECTION? HIGHPASS-BANDPASS-LOWPASS-NOTCH-ALLPASS 
? NOTCH 
INPUT FC AND Q VALUES 
? 63.228877,11.31813 (FROM LINES 2.5AND2.6) 
INPUT REAL POLE AND CAPACITOR VALUES IF NONE ENTER 0 
?Q 

INPUT ZERO LOCATION 
? 60.533361 (FROM LINE 2.2) 
ARE TUNING INSTRUCTIONS REQUIRED? 
? YES 

TUNING INSTRUCTION 

PHASE SHIFT FROM INPUT TO PIN 13 SHOULD BE 180 DEG. AT 63.228877 HZ. 
IF TUNING IS REQUIRED RF2 FROM PINS 7 TO 13 SHOULD BE ADJUSTED 
PHASE SHIFT FROM INPUT TO PIN 13 SHOULD BE 135 DEG. AT 66.083802 HZ. 
OR 225 DEG. AT 60.497289 HZ. 
I F TUNING IS REQUI RED RQ FROM 1 OR 2 TO GROUND SHOULD BE ADJUSTED 
GAIN AT PIN 11 AT60.533361 SHOULD BE 0 IF NOT 
ADJUST RHP FROM PIN 3 TO 10 FOR NULL 

FC= 63.228877 Q= 11.31813 F <L-3DB > = 60.497289 F <H-3DB> = 66.083802 

GAINATF«FC= .OODB 

FUNCTION CONNECTION VALUE OF EXTERNAL 

FROM TO RESISTORS IN OHMS 

RIN INPUT 100000.000 

RQ GND 2675.931 

RFl 3 14 795984.596 

RF2 7 13 795984.596 

RLP 5 10 100QOO.000 

RHP 3 10 9165.552 

RG 10 11 328044.920 

+V 4 

-V 12 

GND 9 

GND 6 

OUTPUT PIN 11 
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RHP 

RLP 

INPUT 0-..... ,."... .... ""1 

RQ 

RHP 

RLP 

1D 

OUTPUT 

·TURlngRII$ISlors 

0.1 dB bandwidth 15Hz 
-35dBb.ndwldth 1.5Hz 

4th Order 60 Hz Notch Filter 

+10 

-10 

CD -20 

'" z 
~ '-30 

-40 

-50 

-60 

\ r 
\ I 

40 50 60 70 80 90. 

FREQUENCY 1Hz) 

FIGURE 26. Implementation of a 60 Hz Notch From Computer Calculations 

TEST PROCEDURE (Ref. Figure 24) 

Center Frequency 

The center frequency is measured by adjusted the signal 
generator for a 180° phase shift and then reading the 
input frequency·on the counter. 

o 

The 0 is measured by measuring the bandwidth and 
dividing into the center frequency. To measure the band­
width, increase the frequency of the signal generator 
until the phase shift reads 180°-45° (135°) and read the 
frequency on the frequency counter. This isf-45°' 
Decrease the frequency of the signal generator until the 
phase meter reads 180° + 45 (225°) and read the fre­
quency on the frequency counter. This is f+45o. 

To calculate the 0: 

fo (center frequency) 
O~ 

f-45° - f+ 45o (BW) 

10-19 

Gain 

To measure the gain, set the amplitude of the signal 
generator to 1 V RMS (0 dBV) and set the frequency to 
the center frequency of the filter. Then read the output 
on the ac voltmeter. The output amplitude at h ighpass 
output is -10 dBV ±0.15 dB, which equals 0.316V 
±0.006V RMS. The output amplitude at bandpass 
output is 0 dB\, ±0.15 dB, which equals 1.000\1 
±0.017V RMS. The output amplitude at low pass output 
is +10 dBV ±0.15.dB, which equals 3.16V ±0.06V RMS. 
The output at the amplifier output is 0 dBV ±0.1 dB, 
which equals OV ±0.01 V RMS. 

DC Offset 

The dc offset is measured with the DVM connected to 
the lowpass output by setting the input signal level to 
zero and reading the DVM. 

PS Current 

The power supply current is measured by connecting the 
DVM across a 10n resistor in the positive power supply 
lead with the input level set to zero. The DVM should 
read less than 45 mV. 
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DEFINITION OF TERMS 

Maximum passband peak·to·peak ripple 

Minimum stopband loss 
Frequency of jw axis pair 
Frequency of complex pole pair 
Quality of pole 

Passband edge 
Stopband edge 
Gain from input to highpass output 
Gain from input to bandpass output 
Gain from input to lowpass output 
Gain from input to output of amplifier 
Pole frequency determining resistance 
Zero Frequency determining resistance 
Poie Quality determining resistance 
Frequency above center frequency at which 
the gain -decreases by ~ dB for a bandpass filter 

fL Frequency below center frequency at which 
the gain decreases by 3 dB for a bandpass filter 

BW The bandwidth of a bandpass filter 
N Order of the denominator of a transfer function 
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~ Active Filters 

NAll0NAL 

AF120 generalized impedance converter. GIC 

general description 

The AF 120 contains a pair of operational amplifiers and 
four precision thin film resistors connected as shown 
below. A gyrator may be formed by adding one external 
capacitor; or a frequency dependent negative .resistance 
FDNR may be formed by adding two external capacitors. 
In the gyrator mode, ZIN 0: jWC, which is equivalent to 
a grounded inductor. In the FDNR mode, ZIN 0: - 1/ 
w2 C1 C2. The AF120 may also be used in pairs to form 
ungrounded inductors or inductor networks. Thus, 
with appropriate transformations, the G IC makes 
possible an active realization of any low·frequency 
ladder filter network. The advantage of ladder filters 
being, of course, that they exhibit lower sensitivity 
to component variations than any other type of filter 
realization. Temperature coefficient of the internal 
resistors is equal and opposite in sign to that of poly· 

schematic and connection diagrams 

BOUT R1 
2 3 

v- +SIN R4 
& CASE 

R2 

R' 

• 

AOUT 

7 

1. L 
NC v+ 

styrene capacitors, thus RC products exhibit approxi· 
mately zero TC. 

features 

• Matched internal resistors 7500n ±0.1% 

• Resistor TC = +110 ±30 ppmfC 
• Supply voltage ±5 to ±18V 
• Input impedance 750m2 

applications 

• Gyrator, Z 0: S 
• Frequency dependent negative resistance, Z 0: 1/S2 
• Use in low-frequency active ladder filter networks 

Z1 Z3Z5 
ZIN~--­

Z2Z4 

TO·l00 
Metal Can Package 

Order Numbers AF120H, AF120CH 
See Package 10 
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absolute maximum ratings 
Supply Voltage,Vs ±18V 
Power 'Dissipation, T A ~ 25°C 500mW 

Derate 18 mWfC above 60°C 
Operating Temperature, T A 

AF120 -55°C to +125°C 
AF120C -25°C to +85°C 

Storage Temperature, TSTG -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300?C 

, 

electrical characteristics TA ~ 25°C, Vs ~ ±5 to ±15V, except as noted 

AF120 AF120C 
PARAMETER CONDITIONS . UNITS 

MIN TYP MAX MIN TYP MAX 

IZ,NI Input Impedance 7425 7500 7575 7350 7500 7650 n 
, 

e Phase (['J0te 11 
(Figure I) 

89.5 90 90.5 89 90 91 DEG. 

Vos DC Voltage measured 1 8 1 10 mV 

at Input Terminal 

Rl,R2,R3,R4 7485 7500 7515 7470 7500' 7530 n 
R21R3 0.999 1.000 1.001 0.998 1.00'0' 1.0'02 

TC Resistor Temp. Coeff. 80 110 140 50 110' 170 ppmtC 
, 

Yo· Op Amp Output Voltage Vs= ±15V, RL = 2k ±1O ±13 ±1O ±13 V 

Ise Op Amp Short·Circuit Vs =±15V 20 20 rnA 

Output Current 

Is Supply Current Vs'= ±15V 3 5.6 3 5.6 rnA 

Note 1: 90° indicates that connection actually simulates a pure inductor. 

typical performance characteristics 

Equivalent Inductance vs 
Frequency FDN R Value vs Frequency 

100 

J 
1010 

.j 
10 

Ip~ 
10' 

>: D.l,uF 
RESONANT 

~" ;S 
w I' ID' 
" s: '" ." ~.OtJ.lF '" o.oy .. 
~ 10-1 '" I 10' 

~ 1000,F ~ ." '" 10-2 
100,F- 10' 

10 p~ '" '" ""-10-3 I 
I 10 100 Ik 10k lOOk 1 10 100 lk 10k lOOk 

FREQUENCY (Hl) FREQUENCY (Hz) 

'Equivalent, Land 0 vs Capacitor Maximum Terminal ,Voltage Maximum.Terminal Voltage 
Values vs Frequency vs Frequency 

100 10-7 100 100 

CI ~ C2 / 
FDNR 

W 10'" 10 /1 / I 10 
>: / ::: 1Pi h :'-O.IP, / ~ """\ """.01p F 
;S >< 

I '" 
" 

I 10-'1 1 

I, '/OOIP~ ~ 
I 

II~ 1\ '" / 
.3 

\ .. x ... ~ x' 
~ 10-1 10-13 ~ 10-1 1'0- 1 co .. 

1 '/ Vlooor \ O~PF \ 
> 

!!! / co / 10-2 10- '5 10-2 10-2 

V 
CURVATURE DUE TO I'I/V 1 GYRfTOR STRAY CAPACITANCE 

10-3 10-17 10-;-3 10-3 

10pF 100,F 1000,F O.olpF O.M IpF I 10 loi! Ik 10k lOOk 1 10 100 Ik 10k tOOk 

CAPACITOR VALUE FREQUENCY (Hz) F.REQUENCY (Hz) 
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applications information 

The generalized impedance converter G IC is a versatile 
tool for realization of inductive components in low­
sensitivity filters. The drivi ng point impedance is 
Zi(S) = k(s) ZL (s). The input impedance of the AF120 
is 

Zl Z3Z5 

Z2Z4 

which reduces to 

ZlZ5 
Zi =--z2 

(Refer to Figure 2) 

since Z3 = R3, Z4 = R2 and R2 = R3. No more than 
one or two of Z 1, Z2 and Z5 may be external capacitors. 
Internal resistor R4 is available for use as Z5, and 
internal resistor R 1 may be used as either Zl or Z2. 
External resistors of other values may be substituted 
for R 1 or R4 if proper attention is paid to temperature 
coefficients. The TC of internal resistors is +110 

O.02iJF 
0.1% 

C2 

OUT 

VIN:S: lVrms@ 1053 Hz 

FIGURE 1. Test Circuit 

.----------1--..-------02, 
Zi = jwR1 R4C2 
where R 1 = R4 = 7500 
Rl R4 = 5.625 x 107 

R1 

RJ 

R2 

R4 

L 
C2= -­

R1R4 

FIGURE 3. Gyrat!>,.lIl1ductive Elementl 
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±30 ppmtC to compensate for the TC of polystyrene 
capacitors. 

The AF120 may be used for the following impedance 
conversions: 

Positive impedance converter (PIC) - k(s) is positive 
and real 

Z2 = Rl, Z5 = R4, k = R4/R1 = +1, 

Zj(w) = Zl (w) (trivial case) 

Positive impedance inverter (PI I) - k(s) is positive 
and real 

Zl = R1, Z5 = R4, k = R1 R4 = (7500)2 

Z;!w) = R1 R4/Z2(w) 

If Z2 is an external capacitor, then Zi (w) 
R 1 R2jwC, and Z;(s) ex (s) 

FIGURE 2. GIC Circuit 
C1 

Zl Z3Z5 

Z2Z4 

But Z3 = R3 
Z4= R2 
R2 = R3 

Z1Z5 
:.Zj""-­

Z2 

.--------II------.... ------.,.-<)z, 
-1 

Zi = -w-=2C"R-1-C-1-C-5 

1D 

R1 

.2 C1C5R1 = 0 

.4 

FIGURE 4. FONR (0 Elementl 
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applications information (con't) 

O'1~1000 
------, '1 

I '::" 
I 
I 
I 

'a} Prototype 

RJ 

O.1pF O.1pF 

R2 

lOOO 
R4 

L _______ 4 _________ ..J 

RO = 1 kn 
Ie = 1590 Hz 
we = 104 

L 
C2= -­

R1R4 

O,05H 

R1R4 

Note: C2 can be set to a standard value 
by adding resistance in series or parallel 
with R 1 andlor R4. 

{bJ Filter after Frequency and 
I mpedance Transformation 

(e) Gte Active Realization 

FIGURE 5. Third-Order Butterworth Highpass Filter 

Frequency dependent negative resistance (FDNR) 

Z2~ R1, k~ 1/R1 
Zj ~ Zl{w)Z5(w)/R1 

If Zl and Z5 are both external capacitors, then 
Zj ~ -1/Rlw2 Cl C5, and Zj{s) ex -1/s2 

G IC elements are especially useful for active simulation 
of low-sensitivity passive ladder filters. Symmetrically 
terminated ladder filters exhibit an exceptionally low 
sensitivity to changes in network element value; in fact, 
they exhibit the lowest sensitivity of any filter type. 
This means that practical realization of multistage filter 
functions may be achieved with moderate tolerance 
components, and that component sh ifts due to 
temperature variations will have minimal effect on the 
filter transfer function. Additionally, a great deal of 
ladder filter design information exists in handbook form; 
hence the value of the GIC as a network element. 
Several examples are given on the following pages for 
the realization of filters with grounded induc~ors, with 
ungrounded inductors, and with both grounded and 
ungrounded inductors. 

Highpass Filter (with Grounded Inductors) 

Figure 5 shows the development of the' GIC active 
realization of the prototype ladder filter of Figure 5(a). 
The network is first designed with normalized values 
for all components. Next, the component values are 
transformed according to the desired characteristic 
impedance and cutoff frequency of the filter. To trans­
form from prototype normalized values where RO ~ 1 
and we ~ 1, 

Multiply all Rand L by RO 1 ( R ~ RO RN 

Divide all C by RO to obtain ~ L ~ RO LN IWe 

Divide all Land C by we ~ C ~ CNlRpwc 

where N subscripts indicate original normalized values. 

low pass Filter (with Ungrounded Inductors) 

Since the simple GIC realization of an inductor results 
only in a grounded inductor, a network transformation 
is necessary in order to use the G IC in a lowpass filter. 
Figure 6 shows the frequency and impedance transfor­
mation of the prototype lowpass filter, followed by a' 
lIs impedance transformation. When this lIs transfor­
mation is made, the performance of the filter is 
unchanged, therefore the transformation is valid. The 
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applications information (con't) 
resultant circuit shown in Figure 6(c) allows the 
realization of the prototype ungrounded inductor 
circuit with a grounded D element (FDNR). To make 
the lis transformation, each impedance is multiplied 
by 1 Is so that 

each R is replaced by a C = 1/weR, 

each L is replaced by an R = we L, and 

each C is replaced by a D = Clwe. 

Examination of the GIC realization of an FDNR in 
Figure 4 will reveal that a resistive path from F DN R 
terminal 10 must exist to ground in order to supply 
bias current to the internal amplifiers. The circuit of 
Figure 6(c) is, therefore, incomplete as no resistive path 
exists from D element to ground. If a large R were 
shunted across D, that R would appear in Figure 6(b) 

(al Prototype 

(c) Filter after 1/s Transformation 

", 
20k 

1!J00 

--------
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L ______ _ 

as an inductor across the C. The solution is to place 
large R's across the C's in Figure 6(c) which appear as 
large inductors across RO of Figure 6(b), and thus do 
not significantly affect the transfer function except 
near W = O. The resultant network appears in Figure 6(d). 
The transfer fun~tion at W = 0 is T(O) = 0.5, therefore 
resistors RA and Rs must be chosen to affect this value. 
Then T(O) = 0.5 = Rs/(R A + Rs + 2RO). 

The GIC realization of the lowpass filter, complete 
with low·frequency compensation appears in Figure 
6(e). Note again, that Cl and C5 can be varied or can 
be unequal just so long as Cl C5R 1 = D. Also note 
that in the final transformation of Figure 6(c) 

D = CN/we 2RO 

R = ROLN 

C = l/weRORN 

100mH lODmH 

1000 

(b) Filter after Frequency and 
I mpedance Transformation 

RO RO 
, 1000 1000 

(d) Final Circuit with Low-Frequency 
Compensation 

1000 

RO = 1 k!1 
fe = 1590 Hz 
we = 104 

RA, RS »RO 
RS = RA + 2RO 

C5 TOoO!i16PF 

o 
C1C5= -

R1 

(e). Active Realization 

FIGURE 6. Third·Order Butt.~rth Lowpa .. Filter 
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applications infonnation (con't) 

GIC Embedding 

Ungrounded inductors may be simulated by embedding 
an ungrounded resistor between two G IC's as shown in 
Figure 7(a). Actually, the embedded element may be 
any 2 or 3·terminal network and the GIC may be given 
any of its realizable impedance transformations Z(s). 
Z(S-2), Z(S-l) or Z(S2)*. 

Bandpass Filter (with Grounded and Ungrounded 
Inductors) 

Direct RC active simulation of this filter requires the 
use of GIC embedding techniques (as described above) 
because there is no transformation which will eliminate 
all ungrounded L or D elements. Figure 8 shows the 
step·by·step realization of a 6·pole Butterworth band­
pass filter. 

The filter circuit of Figure 8(c) constructed with AF120 
and with Rand C values shown performed as indicated 

*Z{s2) is not realizable with the AF120. 

o 
Z" R1AdwC2 

(a) ,Ungrounded Inductor 

11 l3 

in the plot of Figure 9. Note that the band center and 
cutoff frequencies occur at the design points as indi­
cated by the phase measurements at O~C and ±135°C. 

The circuit of Figure 8lc) is simplified with a shorthand 
notation for the GIC's. This shorthand circuit is equiva­
lent to the GIC as shown in Figure 10. 

The final circuit for the bandpass filter of Figure 8 
contains six capacitors, one for each pole of the 6·pole 
network. This circuit then contains a minimum number 
of reactive elements to satisfy the prototype design. 
A dc path to ground exists for all G IC elements in this 
design so no additional resistors are needed for dc 
compensation. Note also that even though one and 
two percent components have been used throughout 
the circuit and the Co Cc product is in error by 3%, 
performance is as designed. It should be clear from this 
exercise that ladder networks' of virtually any com­
plexity may be realized using the AF120 GIC circuit. 

11 l3 

(b) Grounded T Network 

(c). G IC Re.lization of Complex T Network 

FIGURE 7. GIC Realization of Ungrounded Inductors ~nd T Networks 
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applications information (con't) 

(.1 Prototype 

O.11881JF 
1% 

F'00 
1% r 

I 

11 L3 

RO~ 1100n 
fa ~ 1218 Hz 
fL ~ 752.8 Hz 
fH ~ 1970.8 Hz 

1100 

(b) Filter after RO and wO Transformations 

, 

r 
I 
L 

r 
I 
I 

5~~~ L ~ 
1% 

R" 
2800 
1% 

(c) Gle Realization 

O.1188pF 
1% 

1"00 -, 1% 

I 
I -::­
I 
I 
I 
I 
I 
I 
I 

L1 

7500 RLl 

L3 

~ 3420 pF 

I 
I 
I 
I 
I 

R L3 ~ --- ~ 5600n 
7500 CA 

__ oJ 

L2 
R L2 ~ --- ~ 2800n 

7500 CA 

FIGURE 8. 6·Pole Butterworth Bandpass Filter 

135 

~10 1v 90 

~20 

~ 
~30 z 

~ 
~40 

\ ¢ 

45 ~ 

~ 

~45 i 
'" 

~50 -90 

-60 J -135 
100 1000 10k lOOk 

FREOUENCY (Hz) 

FIGURE 9. Gain and Phase Transfer functions of the Filter of Figure 8(c). 
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applications information (con't) 

(0) GIC (b) Shorthand Circuit 

FIGURE 10. Development of GIC Shorthand Circuit 
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RI OR Cl (EXT.! 

RI OR C2(EXT.) 

RJ 

R2 

R40R C5(EXT.) 

(c) Short Circuit for AF120 
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AD1200 low cost 12-bit AID converter building block 
general description features 

• Low cost The AD1200 is a 12-bit binary analog building block 
designed for use with a successive approximation register 
to build a fast AID converter. I t includes 12 precision 
current sources and switches, precision laser-trimmed 
thin film ladder network, precision reference, and high 
speed FET comparator. The AD1200 is specifically 
tailored to match the DM2502/DM2503/DM2504 or 
M M 54C905/M M7 4C905_ 

• Internal reference and FET comparator 

• TTL, DTL, CMOS logic levels 

• Standard power supplies ±15V,+5V 

The AD1200 comes in a 24-pin plastic DIP and 
24-pin metal DIP. The AD1200A and AD1200C have 
0.01% ±1/2 LSB accuracy; the AD1200B and AD1200D 
have 0.05% ± 1 12 LSB accuracy. 

key specifications 
• Resolution 12 bits 

0_01% ±1/2 LSB • Accuracy 

• Conversion speed 

block and connection diagrams 

" REF 

R13 
'Ok 

INPUT 

GAIN 
ADJUST 
13 

REF LSB MSS 
COMP 212 2-11 2- 10 2 -9 2- 8 2- 7 2 6 2--'3 2--4 2-3 2.2 2-1 

IS 

" 10.24V REF 
OUJPUT 

I ANL 
AND 
DIG 
GNO 

24 

-
-

1 

ANL 
v-

SUP 

R14 
12k 

ANL 
v' 

SUP 
-15V +15V 

23 22 

2 J 

Dual-I n-Line Package 

OFF 
REF LOG AOJ 
OUT SUP COMP AND IN 
10V '5V OUT COMP 8 

" 2. 19 18 17 

• 5 6 7 8 

+l!iV 

IN REF 
A COMP 

16 15 

9 10 

23 
-HiV 

REF REF 
IN NODE 

I. 13 

~ 

-

11 12 

212211 2'0 29 28 27 26 25 24 23 22 2' 

LSB ," MSB 
\' ,,?.... TOP VIEW 

11-1 

R16 
10k 

17) INPUTS 
16 

'---'VVIr--~ 

R17 
10k 

18 OFFSET ... --------0 A~J. & COMP 

19 COMPARATOR 
OUTPUT 

22 
+------0 '15V 

20 
... 4,.-----__<0'sv 

GNO 

» 
o 
...a 
N 
o 
o 

10 



o 
o 
N .-o 
<t 

typical application 

ANAlOO ~~~~~ ~ 
-1010+10 

1D,ODOV:J 
BUFFERED 

REFERENCE 

+5V 

lk 

OUTPUT 

A0120D 

OUTPUT &...,,......,,.....,......, ...... 

1t-4.-1 

PARALLEL DATA OUTPUT 

DM2504 
OR 

MM54C9D5 

f+-- CLOCK 

f+-- START 

L---..... CONVERSION 
~COMPLETE 

L---..... SERIAL DATA r-----..- OUTPUT 

12·Bit Successive Approximation A to 0 

physical dimensions 

r- 0.795 I 1,--·0.002---

R 
Ir= 1.370 ri .. 

·0.002 0.186 
'0.005 

,J 1 
'~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~1 

~-O.600------j 1--0.100 -II--005601A 

Metal Dual-In-Line Package (0) 

--.-
I 

0.570 

~IWm'~W~r,w,nwr,.T. w,rwm,~w~r.w.nw~,T~~,,~,~,~,-1 
! _________ 1.270 ---.~ 

~~ 
1l.125 

Cavity Plastic Dual-I n-Line Package (N) 
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NAnONAL 

AD1210 12-bit CMOS AID converter 
general description 

The AD1210 is a low power 12-bit successive approxi­
mation analog-to-digital converter. Included within the 
device are the successive approximation logic, analog 
switches, precision laser trimmed thin film R-2R ladder 
network and FET input comparator. The AD1210 will 
operate over a wide supply range, convert bipolar or 
unipolar signals, and operate in start-stop or continuous 
conversion modes. The binary outputs are directly com­
patible with CMOS logic levels. The only active external 
component required is the reference. 

The AD1210 is available in 24-pin plastic DIP or 24-pin 
metal DIP. 

features 

• Wide supply range 3V to 15V 

• Single reference voltage 

block and connection diagrams 

I 
I 

v']'" 
----2t--

I 
I 

CLOCK PULSE O--::c,,+---I c, 
D/A AND SAR lOGIC START o-":,:431--~l 

CONVERSION 0-..,;.;----11"" 
COMPLETE 141, LS-' r-",,~~-r'"T""T""T""'-MJSB 

PRELIMINARY DATA: JAN 1976 

• CMOS compatible 

• Low power consumption 

• Single supply operation for single polarity voltages 

• I nternal comparator 

• Provision for truncation 

• Start/stop or continuous conversion 

• High analog input impedance 

key specifications 

• Resolution 

• Linearity 

• Clock rate 

• Conversion rate 

• Power consumption 

12 bits 

±1/2 LSB 

up to 500 kHz 

20 kHz 

75 mW@+15V 

-------, 

2R 2R 

I 
I 

i'-- I 
r-""'1~-1-~ COMPARATOR 0 I 

V I 2R 2R 

2l 

~fl -1' 2. 3 4 1;- 6 7 , 9 10 11 t;;- - - -t;; -I;; -I;; - '6 - 15 - - iO - .J 
2'~"-~~~O~IG~'T-Al--~~2' 

OUTPUTS 

Dual-I n-Line Package 

2R 2R 2R 
TO TO TO 

CP v' 'NO v- -IN -IN "N "N 

" 23 22 21 20 19 18 17 16 

(lSB) 
2 12 2 11 2 10 2 ~ 2 8 2 7 2 G 2 5 2. <\ 

TOP VIEW 

11-3 

1R 
TO 
"N IT 

15 14 13 

10 11 12 

(MSB) 
2 3 22 2' 
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typical applications 

co 
15V" n 5 
:!J W '-cP 

Anllol'llputRange: OVlo IOV 

I 
I 

LSO 

Output: Bmary (O-15V CMOS Gomp;ltlble) 

) 

t15V 

+~ 
22 
V·~~-:----------- --, 

MSO 

ANALOG 
INPUT 
O-IOV 

I 
I 

~ ________________ -1"~:_.~"~ 

Anllog Input Range: -5V to t5V 

r­
I 

LSO 

L 
~1 

Output: Offset Binary (Q-5V CMOS ~ompatiblel 

physical dimensions 

Metal Dual-In-Line Package (D) 

22 --------, 

MSO 
2R 

12 

11·4 

15 

ANALOG 
INPUT 

I 
I 

Cavity Plastic Dual-In-Line Package (N) 
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NAll0NAL 

DA12.00 series digital to analog converter 
general description 
The DA 1200 series of digital-to-analog converters are 
a family of precision, low cost, converter building 
blocks intended to fulfill a wide range of both industrial 
and military D to A applications. These devices are 
complete functional blocks and require only the appli· 
cation of power supply voltages for operation. The design 
combines precision weighted current switches with an 
ultra-stable, very low drift, thin film resistor network. 
A precision 10.240V buffered reference voltage is 
included in the package. Input coding options include 
binary and BCD formats. Theoutput may be programmed 
for OV to 10.2375V operation, -10.000V to +10.235V 
operation, or current mode 0 to 2 mA operation. 

• Fast settling time 5/ls voltage mode 

features 

• Standard power supplies 

• TTL, DTL, CMOS compatible inputs 

• Internal 10.240V precision reference 

• Extendable to 14, 16 bits 

• 1/2 LSB linerarity 

applications 
• CRT displays 

±15V,+5V 

• Standard dual width 24 lead DIP (circuitry completely 
self·contained) • Programmable power supplies 

• Both current and voltage mode outputs • High speed data acquisition systems 

block diagram 

14 

Al' SDk 

REF 
INPUT 

GAIN 
ADJUST 

connection diagram 

LSB MSB 
2·'2 2-11 2. 10 2-9 z--a 2- 7 2. 6 2--5 2-1. 2-3 2--~ £' 

11 

10.24v REF 
OUTPUT 

Dual-In-Line Package 
ANl ANl ANl OFF 
ANO V- v+ Ref lOG ADJ 

" -15V 

OIG SUP SUP OUT SUP COMP AND IN IN REF REF REF 
GND -15V +lSV lOV +5V OUT COMP B p., COMP IN NODE 

14 " 22 11 20 19 18 17 16 15 14 " 

t-
o r-

1 2 , 4 5 6 7 . 9 10 11 12 

2- 12 2. II 2. 10 2. s 2 a 2. 7 26 2. 1) 2. ~ 2 3 2 2 2. 1 

LSB MSB 
TOPVIEW 

11-5 

'16 
17 10k 

o--'VVY---<J OFFSET 
'17 
10k 

+---'I/'>/V----o FEEOBACK 

+-____ --018 ~~~~~~T MODE 

19 VOLTAGE MODE 
OUTPUT 

12 
+-----0 +15V 

10 
+-----O+5V 

GNO 

o 
~ 
N 
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NAll0NAL 

DM7700/DM8700 one chip 2 1I2-digit panel meter 

general description 

The DM7700 contains the complete circuitry required 
to implement a 2-1/2 digit panel meter. I ncluded are an 
input amplifier, temperature compensated reference, 
on-chip clock, counting and control logic, display multi­
plex circuitry and LED digit and current controlled 
segment plus decimal point·drivers. The DM7700 employs 
a V -F conversion technique with counters and decode 
logic. Automatic polarity and overrange indication are 
provided. 

The DM7700 is specified over -20°C to +95°C; the 
DM8700 is specified over O°C to +50°C. The DM8700 is 
available in 24-pin Epoxy B and cavity DIPs;the DM7700 
is available in 24'pin cavity DIP. 

block diagram 

I 
I 

I .E:b:: I -lV . J rr: 
l-b--r--r--ii~ 

+5V -15V ANALOG !lIGITAl DECIMAL 7·SEGMENT 
GNO GNU iNPUT PLUS DECIMAL 

OUTPUT 

typical application 

Vee ...-------------------, 

V" ...---~""''''"----_I I" 
A" 

V REF 

SCALE 
ADJUST SCALE 

ADJ 

ANALOG 
GND 

RflEF 

CREF 

DM77011 
ZERO 
ADJ 

C" 

DPA ...----------...., DPA DP 

DPS .-------------1 DPB D2 

C"''lUX D1 

DIG 
GND D3 

BvpaSSillisupphes 

features 

• Complete circuitry 

• I nternal reference 

• Direct LED drive 

• Auto polarity and .overrange 

• Standard supplies +5V, -15V, GND 

key specifications 

• Analog r.ange 

• Input impedance 

• Conversion time 

• Accuracy 

connection diagram 
Dual-I n-line Package 

Vee A 

f" 13 12 11 20 19 18 17 

r-

1 2 J 4 5 6 , 8 

±1.99V 

500 kQ 

1 second 

±1% 

DIGIT ,.---....-..., 
DP 2 1 J 

" 15 14 1J 

-

9 " 11 Tz 
lEE ANlG CREF AfH'F VREf SCALE ZERO C'N OPA DPS C..,ux DIG 

GNO ADJ ADJ GND 

TOP VIEW 

display patterns 

V" DISPLAY 

-lODV - · · · -2.0nV - · · · -1.99V -/0 n n 
-/0 -/0 

NSN33 -O.n05V n n 
-oL/oL/o j ""., POINT 

Q,n05V nn 
oL/oLJo 

LOCATION 
PROGRAMMED 

1.99V I n CI 
10/0 10 

l.nnV · · · 2.99V · · · 

11-6 



physical dimensions 

I D.59D -I I 

Fir~~ O.OOB ~ 
0.012 

�----.~:~~~---I 

f----~O.625 :~:~~:--I ' 

o.on 
RAD~ 

~ 1.Z90 ---i 0.&00 

j fii1 I: -:-~gMA~B-'-' -;'-,~~.-;n 'iG~::' 

0.515 

~~~j5 

Cavity Dual-In-Line Package (J) 
Order Number DM7700J or 

DM8700J 

0.062 
RAD 

,,'I 

1 
0.540 

~~~j5 
~ TVP '0.005 

D.D75 . L ~". 
~ ~ ------!- ~~. 

1
_0.1175 __ 1 1_ 0.10°----11_ 0.018 0.125 

+[1.015 ITYP I!O.003 MIN 

Molded Dual-In-Line Package (N) 
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PRELIMINARY DATA: JAN 1976 

NAnONAL 

lF11300 dual slope AID analog building block 
MM5330 BCD dual slope AID digital building block 
MM5863 12-bit binary dual slope AID digital building block 

general description 

LFl1300 
The L F 11300 is the analog front end for a dual slope 
AID converter. It is designed for use with either the 
MM5330 BCD digital building block or the MM5863 
12·bit binary digital building block. The LFl1300 pro· 
vides a high impedance FET input, handles ± 1 OV analog 
inputs with polarity indications and has automatic offset 
correction. 

MM5330 

features 

LFl1300 
•. Auto zero and auto polarity 

• FET input 

• ± 1 OV analog range 

• Clock rate (fc) 

.' Conversion rate 

• Ratiometric inputs 

• ±15V, +5V supplies 

• 0.02% ±1 LSB accuracy 

>100 MQ impedance 

1 kHz to 500 kHz 

1O,900/fc 

The MM5330 provides multiplexed 4·1/2 digit BCD 
outputs, digit selects, polarity indicator, and overrange 
indication. It is used for 2·112, 3·1/2, or 4·112 digit 
panel meters. The L F 11300 may be used as the analog 
front end or a discrete implementation may; be used. 

• No zero or full.scale adjustments 

MM5863 
The MM5863 provides a 12·bit parallel TRI·STATE@ 
binary output or a 12·bit serial output. Overrange and 
polarity indication are also provided. A set of latches 
insures valid digital data. at all times. Thus a practical 
low cost, accurate, 12·bit converter for use with micro· 
processors can be constructed, even though conversion 
speed is 20 ~s. 

block diagram 

MM5330 

• 4·1/2 digit BCD output 

• Overrange indicator 

• Polarity indicator 

MM5863 
• 12·bit binary output 

• Parallel or serial 

• . TR I·STATE® output 

• Polarity indicator 

• Overrange indicator 

LF11300 

V,o-"-17_00H>---i 

ANALOG 18 

GND 
54 

BUFFER OA 
DUrNlT INPUT 
15 14 

so 

D' 
OUTPUT 
13 

sa 

5154 5355 S2 54 S4 S5 56 57 S8 S9 V' 

:t :t ~ up-t 
11 12 1D J 

RR PO RV DC Coe ! COC2 C=, POSITIVE 
POWER 
SUPPLY 

11·8 . 

CDM V-

J .1 
POWER NEGATIVE 
SUPPLY POWER 

GNO SUPPl y 

COMPARATOR 
OUTPUT 

3 

1D 

, 
DIGITAL 

GND 



typical applications 
+15V 

+l!iV ---~------, 

-15V 
V, 

PG +15V 

COMP J COMP OUT 
OUT 

V" 

RV 
5 RAMP UNKNOWN 

POLARITY DET 
PO 

OFFSETCORR 
oc 

lf113DD 
RAMP REF 

RR 

DO 

START A/D -------i>-------+-.J 

INPUT/OUTPUT -------i>-------+-----I 

" 24 

VGG 

26 
CQMP " 

" 21 
RV " 2' 

21 
PO " " '0 DC " MM5863 " 19 
RA ," ,,, 

18 
GND 2'2LSB 

POL 

OR 

Eoe 

PIS 

eLK 

250kHzCLOCK -------i>-------+----------------' 

" 
! 

OIGITAL 
QUTJlUTS 

PARAllELISERIAl-------i>-------+-----------------' 

+15V 

'5V 

J.3M 10k 

2110pF 

fik 

RESET 

CLQCKIN 

POLARITY 

NSN73 NSN71 

LFl1300, MM5863 12·Bit Binary AID Converter System 

FLOATED ANALOG GNe 

-15V 

MM5330 

NSN71 111511171 !IISN71 RAU7-100N 

LFl1300, MM5330 DPM Application 

11·9 

V"O----l.., 
+15V -15V 

14 

13 

1M 

002ZI.IF 
POLYSTYRENE 

DIGITAlGNO ~ 

ANALOG GND ,}, 

~AVAllABLE JULY '975 

,... 
~ 
W o 
o 
" ~ 
~ 
U'I 
W 
W 
o 
" ~ 
~ 
U'I 
00 
0') 
W 

III 



typical applications (con't) 

OHMS 

.,v 

0-199 99k~, 
TERMINALS 

NSN73 

12k 
5% 

NSN11 

+15V 

10k r ..... -'\M,-O .,v 

10k 
.-----'IN.----o .,v 

4.7M 

'-J---I--1H"O~ 
T"" 

RESET 

11I-',,_"'AN::::''-_____ -' 

I ~O!! 

.,v 
NSN71 NSN71 NSN71 OM7446 

RA07-100N 

MM5330 Discrete DPM Application 
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NAnONAL 

LM11340 quad current switch 

general description 

PRELIMINARY DATA 

features 
• TTL and CMO!, compatible 

<. 

• Wide power supply range 

• Low logic input currents 

The LM 11340 is a high speed quad current switch for· 
use in D/ A conversion. It consists of four binary weighted 
current switches and an LSB reference transistor. The 
switch current magnitudes are set by an external voltage 
source and precision resistors. The four switch currents 
are summed to produce a single output proportional to 
the binary code at the switch inputs. 

• Power dissipation unaffected by bit patterns 

The referen~e transistor is used with external circuitry 
to compensate for Beta and VBE variation due to 
temperature. 

The LMl1340 is TTL compatible. The LMl1340 logic 
levels are referenced to ground and are independent of 
any baseline voltage changes. 

The LM11340 also contains an extra baseline diode 
which prevents system latch·up when driving the base· 
line with an op amp. 

The LMl1340 comes in ·Epoxy B DIPs and cavityDIPs. 

connection and block diagrams 

• I sothermal layout 

• No system latch·up 

key specifications 
• 12·bit accuracy and linearity 

• 100 ns settling time to 12·bit 

LMl1340 

Dual-In-Line Package 

VIiIAilE 

v' BIT·' 8IT-Z BIf.3 UfII£ 

10 

LSD 2 3 22 MSB V- GND FDBK REF 
Z- 2' DIODE OUT 

INPUT 
TOP VIEW 

LM11340 Equivalent Circuit 

.11-11 
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typical application 

3.3k 

FUllSCAlE 
ADJUST 

DIGITAL INPUT 

Temperature Compensated 12·8it D/A Converter 

physical dimensions 

0.029 003) 
-· .... '0.010 0,050 

~ 0310 _ nl M", '''''' 
IDHlIT 

-- ~:~~: 
0100 

-o.mo 
0,015 
Q.019--n--

0125 

'" 
Cavity Dual-In-Line Package (0) 

I-.O.300_j 0,030 

PI!, ':",~i' 
, , 

0.009 

I i 0.015 

.. tI.02~ I 
.-:0.325 _0.015-1 

°T~r! i"~-. o,m 

~'C""5'"," M" '"f-~-]=4 
I-J 
I , ~ I !I 0.125 

0,0)5 I 0.1001 __ ~' 0,018 MIN 
±0.015-1 r- TYPr- ,r-. .0,003 

Molded Dual-In-Line Package IN) 

11>12 
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~ 
NAnONAL 

!I.730 
MAX 

GLASS 

0.280 
MAX 

,-

t '·"'] "" I 
MAX PlNNO.'~. ~.~;. 

IOENT-- . I I 
-\ -

-- ~.~~~ I - ". --o.~~ R. ~-~o.01. 
I ,I! I 0.125 

I 0325 +0.025 I 0.050_ J-- -1101 001 _11_0.015 MIN ~. -0,0151 <0.010 I '0:0101-- 0.019 
- ---~----------

Note: Devices in this package may be 
supplied in Package 1 A. 

Package 1 

14 Lead Cavity DIP (D) 

F1- "...:~I="'."~:",~~=:: =='="===~I=:l-"l-~: T IOENT V ~ 

--- ~:~~~ 

~O.325 ~~:~~~~ i~:~~~ _~ ~ ~~::~~ ~~~5 

I 0.020 f-- 0.(140 

Note: Devices in this package may be 
supplied in Package 2A. 

Package 2 

16 Lead Cavity DIP (D) 

Package 3 

If'·''' MAX 

0.004 
0.006 

I 0.020 f- O,040 
'"5 II 0.ll19---Jf--

Package 4 

Physical Dimensions 
(All dimensions are in inches.) 

---'O.II!jQ---

I •• I 

~i:::::J+ 

Package 1 A 

~i::::::] 
1 2 1 4 , 6 1 B 

_i~5: - "85 
. 

'0.0(190.035 ==L!0 
~ 
------.l 

_I L.", _11_··,,· 
±O.O(}5 TYP 

Package 2A 

I 0.020 
~'O.040 

0115jl-
0.019 

Package 5 
10 Lead Flat Package (F) 14 Lead Flat Package (F) 16 Lead Flat Package (F) 
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en 
c 
o 
en 
C 
Q) 

E 
Q 

(II 
(,) 

en 
> .c 

11. 

,---~r'.5"DIAREF-1 . 
0.110 
MAX t 
t- . =-= 

0.500 • fI.J22 

LJ~ ~ ~~ 0030 

--11- LEADS 0.011 OtA 

O.0600IATVP 

Package 6 
12 Lead TO-8 Metal Can (G) 

·0.230 FOR HYBRIDS 

0.210 
"UtEPT ii:"i65 FOR tHOll24.lH0044 

• .... STANDOFF NOT INCLUDED ON HYBRIDS. 

Package 9 

S Lead TO-5 Metal Can (H) 

Package 7 
12 Lead TO-S Metal Can (G) 

(AH2114/AH2114C only) 

36 EOUAll Y -____ 

SPACED 

Package 10 

10 Lead TO-5 Metal Can (H) 

(Low Profile) 

12-2 

~:~~:~ 1-'."'.., I 0.195_ I 

SEAl'lNGPLANE Q. J,o 
~ I 1 0.210 

- ~I~ 
o OD~ 

~:~i:---J~ 0.500 
MIN 

Package 8 

4 Lead TO-72 Metal Can (H) 

r--- c f,l--* I. 1 __ I 
I
I f--. - ~-----I 

L---...gIISEENDTEI 
~r- -t 
.022 .560 

"" on n 0 00_1 
~-II----
.1116 

f----.-:ill~ 
I .225 ..j 
I _:.!!1§ 

.1125 

I 

Dimension is 0.155/0.185 fill all pfodu£ts exc~'pl as 
fallows: n.l6n/II.29B for lHOOOtH/LH0001CH, LH0003! 
tHOO!l3CH, Hlld LHODll4flH0004CH; 0.240/0.260 for 
LH(}005AH/LH0005H/lH0005CH; 0.180/0.210 for 
MH0001H/MHOD07CH 

Package 11 

10 Lead TO-5 Metal Can (H) 



I 

0890 

I-:;;;;~I 

Package 12 

8 Lead Cavity Package (J) 

rO.a1~,~AXl 

~:~:~ ~ I~ t' TSEATINGPlANE 

___ 0.085 

0.220 II 0.100 
0.2811 ---j r-0.040 TVP 

Package 14 

8 Lead TO-3 Metal Can (K) 

PIN NO.1 IOENT-...... 0.250 

bf.~7F~r.T~~-:r' 

I 0.300 ........-.l .. 0.~30 1 0.320 MAX 

b~~ 
f --\\-- ~:~~~ 
1_0.325+0.025 I . 

~O.OI5-r 

Packag~ 16 
10 Lead Molded DIP (III) 

r----~~~~---l_f ~~: 
I ri4l rill liT 11 lU g; m I GLASS 

0.025 

RAD~ 0.280 
MAX 

'-r,-,..,.."..,..".,.:-r-r,-""..,.,.,.-J~ 

bo.'''~ 0.320 

~
.160 

GLASS 0.060 -j L--
SEAlANT\ -0.005- I ! - 0.200 

rw;@11~~h MAX 

0.OO8·~ 
0.012 

~_0385-J. 
~O.025 

I I I II 0.115 
~~: -J ~ O.IO~---j If-_ --jf-:0.!118 MIN 

BOTH ENOS I ,0.010 to.nU2 

Package 13 

14 Lead Cavity DIP (JI 

rr
--O.300 -----i 11.030 

0.320 I MAX 

rrc::t-4 
f --\\-- ~:~~: 
I 11325+0.025_11 f-. -0.015 

~
0.040--I 
TVP I 0.130 

L. -- ~' 
0.065 ~ 

'I =n;o 
J 1 1 'L 0.115 MIN 

t~:~~~ T l---l ±~:~~~ MIN 

__ .11.1110 
, TVP 

Package 15 

8 Lead Molded Mini DIP (III) 

i-~, {J.3DO __ I {I,030 

PI: 0:10 ~X 
(lao!! 

I '0.015 

~_O,325111025j 
-O,DIS' 

12-3 

0.040 
TVP -1 r- 0.130 

L~4'. (065 ~ '-I _. -
I 0.020 
ii' ----T1 , , . 'L 0.125 

0.075 ___ : I! _--j _ 0.018 MIN 
:,:0.015 110.100 '0.003 

~ TYP 

Package 17 

14 Lead Molded DIP (III) 

c 
3 
CD 
~ 
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~ 
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to.D05 
r---l3OO--j ~t 
Ir''''' '1,~x 
hL:lF .... 
U ~ao15 

~ ... ~~: '.13' . =rJ.'2D - MIN 

'T-J =r'. 
I 325+ft.D25! ~ ... Uts--l 

0.015 I ,I, 'I II 0.018 °M'I~5 
t;O.o15 t-- --frY~ ---11--±fI.DOl 

Package 18 
16 Le~ Molded DIP (N) 

,O' ... D:~ 

Package 20 
Molded Dual-In-Line Package (N) 

0.025 
'AO 

0.785 0.300 
r-------- MAX---------' MAX 
IliiiIfiill'iiIl'i3 li1tii1IiilIilI-fGlASS 

0200 

~.nr.,rr.,rr..OT.u;~.",rr.r. ~ 

Package 22 

0.200 

~ l-- --J l- 0.011 0 125 0 010 
-11.001 MIN 

16 Lead Cavity Dual-In-Line Package (J) 

·Package 19 
Metal Can Package (H) 

'-- t~' 1- TYP 

~ -i '. Q1DO 

. I 

[[]]".'" "~~"".'''': .... " 0 lOUT 

I I 

oUt Di'liD 
IIII\~ MAX 

I I 
, ~ , • I I , I I It " 11 

~JT -.J l.- ILIIO ---1 l-- GlIIII __ Jl._ .. ,,- ala 
.0,011 I' ,"'0 .DIIl MUll 

Package 21 
24 Lead Cavity Dual-In-Line Package (D) 

0.025 
RAO 

Package 23 

24 Lead Cavity Du~I-ln·Line Package (J) 



: 0.B211 
'1--------- MAX --

r 
I 

O.6aOMAX 

i 
I 
I 

'. 

D060MIN 

t~:~~~ --j 0.075 

1-0 .178-.,1 009' 
SEATING i I 0.195 II ·t 

PLANE lI=:JJr Luu-u-
000 ~T 

0012_11-- 0500 
a.ou MIN 

~~~i 
.22R 

I 
~ ___ ~'-~~1r--·~ 

1 

r !-i---O-"-O-MA-x--,-Il-:-o +" 
1- 0500 '~~~~ 

409 
MIN 

I 

~j -~ 

Package 24 
Ceramic Dual-In-Line Package (J) 

0.B70 
MAX 

Package 25 
TO-46 Metal Can Package (H) 

Thermal Shield 
(TO-46 Package Inside) 

All units shipped with thermal shield. 

0.910 1 

'-=--""-1""-'""'''-=-=-=1"''-''' -""'1~ --I 

PIN NO.1 IOENT ~~ 0.250 
to.ODS 

PIN NO.1 
tDENT 

1 
0.295 
MAX 

i--O,325 :~:~~~ __ I 

~T,T'T:1'T.rr;"'T"i~r,r~-.l. 

mmffl """ 1~,]0.005 
iUi6s- 1 

'--1 =r--' I 0,020 
~ MIN 

0.025 __ 1 ____ I 1 __ 0.100 ---11- 0.018 0.125 
to.OlS I TYP ,to.DB3 MIN 

Package 26 
lB-Lead Molded DIP (N) 

'r.-rr;r\-;,-..."".;:r-r;:r---r,M-.-n;;T -~ 

1I.05~_1 0.165 

Fa ~+-r~i: 0008 i...=F-r 
0.012; _+ 

1--.-.-0.30° __ 1 0.050 __ 1 1__ 0.100 __ 1! __ O.015.JI ____ 0.125 
I REF i to.01D I I ±1l.01D I 0.020 I MIN 

Package 27 
l8-Lead Cavity.OIP (D) 

INCHES TO MILLIMETERS CONVERSION TABLE 

INCHES MM INCHES MM INCHES MM 

.001 .0254 .010 .254 .100 2.54 

.002 .0508 .020 .508 .200 5.08 

.003 .0762 .030 .762 .300 7.62 

.004 .1016 .040 1.016 AOO 10.16 

.005 .1270 .050 1.270 .500 12.70 

.006 .1524 .060 1.524 .600 15.24 

.007 .1778 .070 1.778 .700 17.78 

.008 .2032 .080 2.032 .800 20.32 

.009 .2286 .090 2.286 .900 22.86 
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~ 
Miscellaneous, Hardware 

NAnONAL 

Following is a partial .list of sockets and heat dissipators for use wi'th various packages shown in 
this catalog. National 'assumes no responsibility for their quality or availability. 

8-Lead TO-3 Hardware 
SOCKETS 

24-Pin DIP 
SOCKETS 

Keystone 4626 or 4627 
Robinson Nugent 0002011 
Azimuth 6028 (test socket) 

HEAT SINKS 
Thermalloy 2266B (35°C/W) 
IERC LAIC3B4CB 
IERC HP1-T03-33CB (7°C/W) 

MICA WASHERS 
Keystone 4658 . 

12-Lead TO-8 Hardware 

Amphenol/Barnes 821-40012-244 
Robinson Nugent IC 246-S1 or S2 

SOCKETS, . 
. {641-30031-121} 

AmphenoliBarnes 641-01061-121' (test socket) 

Robinson Nugent MP12100S or W 
Textool 212-100-323 

HEAT SINKS 
Thermalloy 2240A (33°C/W) 
Wakefield 215CB (30°C/W) 
IERC UP-T08-48CB (15°C/W) 

. Amphenol/Barnes 
2875 S. 25th Ave. 
Broadview, Il60153 

Azimuth Electronics 
2377 S. EI Camino Real 
San CI~mente, CA 92672 

IERC 
135 W. Magnolia BI. 
Burbank, CA 91502 

Keystone Electronics Corp. 
49 Bleecker St. 
New York, NY 10012 

12-6 

Robinson Nugest Inc . 
800 E. 8th St. 

. New Albany, IN 47150 

Thllrmalloy 
P.O~ Box 34829 
Dallas, TX 75234 

Wakefield Engineering Inc. 
Wakefield, MA 01880 . 




