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Switching Characteristics (Notes 2 and 4) 

Symbol Parameter Conditions Min Typ Max Units 

tpD1 Strobe To Output Delay 1.5 3.0 6.0 ns 

tpD2 Data To Output Delay 2.5 4.5 7.5 ns 

ts Data Set-Up Time to Strobe 5.0 2.0 ns 

tH Data Hold Time 1.0 0 ns 

tpw Strobe Pulse Width 5.0 3.0 ns 

tpD3 Chip Select to Output Delay 1.0 2.5 4.0 ns 

tscs Data Set-Up Time to Chip Select 5.5 3.0 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the O·C to 75·C ambient temperature range in still air and across the specified supply variations. 
All typical values are for 25·C and nominal supply. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 

Note 4: Unless otherwise specified, all AC measurements are referenced from the 1.5V level of the TIL input and tolfrom the 50% pOint of the ECl signal and a 
50n resistor to -2V is the load. ECl input rise and fall times are 2.0 ns ±0.2 ns from 20% to 80%. TIL input characteristic is OV to 3V with tr= �t�f�~�3� ns measured 
from 10% to 90%. 

Switching Time Waveforms 
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DP8482 100k Eel to TTL level Translator with latch 

General Description 
This circuit translates Eel input levels to TTL output levels 
and provides a fall-through latch. The TRI-STATE® outputs 
are designed to drive standard 50 pF loads. The strobe and 
chip select inputs operate at Eel levels. 

Logic and Connection Diagram 

Dual-In-Line Package 

16 Vee 

00 _2+-_---4 

01_3+-_~ 

02_4+-_~ 

03 --t--+--I 

04 --t--+--I 

GND GND 

TL/F/5863-1 

Top View 
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Features 
• 16-pin flat-pack or DIP 
• TRI-STATE outputs 
• Eel control inputs 
• 8 ns typical propagation delay with 50 pF load 
• Outputs are TRI-STATE during power up/down for 

glitch free operation 

• 100k Eel input compatible 

Truth Table 

D Q STR 

H l l 

l H l 

X Q H 

X Hi-Z X 

H = high level (most positive) 

L= low level (most negative) 

X=don't care 

CS 

l 

l 

l 

H 

Order Number DP8482F, DP8482J or DP8482N 
See NS Package Number F16B, J16A or N16A 
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Absolute Maximum Ratings (Note 1) 

Specifications for Military/Aerospace products are not Storage Temperature - 65·C to + 150·C 
contained in this datasheet. Refer to the associated • Derate molded package 11.8 mW I'C above 25°C. 

reliability electrical test specifications document. 

VEE Supply Voltage -8V Recommended Operating Conditions 
Vee Supply Voltage 7V VEE Supply Voltage -4.5V±7% 

Input Voltage GNDtoVEE Vee Supply Voltage 5.0V± 10% 

Output Voltage 5.5V T A, Ambient Temperature O·Cto 85·C 

Maximum Power Dissipation* at 25·C 

Molded Package 1476mW 

Electrical Characteristics (TTL logic) (Notes 2, 3 and 4) 

Symbol Parameter Conditions Min Typ Max Units 

VOL Output low Voltage 10L =12 mA 0.5 V 

VOH Output High Voltage 10H= -10 mA Vee- 2V V 

IAV Output low Drive Current Force 2.5V 70 150 mA 

los Output High Drive Current Force OV -70 -150 -350 mA 

loz TRI-STATE Output Current -50 1 +50 ,."A 

lee Supply Current 35 mA 

Electrical Characteristics (ECl logic) (Notes 2 and 3) 

Symbol Parameter Conditions TA Min Typ Max Units 

VIL Input low Voltage VEE= -4.5V -1810 -1475 mV 

VIH Input High Voltage VEE= -4.5V -1165 -880 mV 

IlL Input low Current 50 85 ,."A 

IIH Input High Current 75 500 ,."A 

lEE Supply Current .:....50 mA 

Switching Characteristics (Notes 2 and 5) 

Symbol Parameter Conditions Min Typ Max Units 

tpD1 Strobe to Output Delay CL =50 pF 4 9 15 ns 

tpD2 Data to Output Delay CL=50 pF 3.5 8 15 ns 

ts Data Set-Up Time (Note 6) 3.0 1.0 ns 

tH Data Hold Time (Note 6) 3.0 1.0 ns 

tpw Strobe Pulse Width (Note 6) 5.0 3.0 ns 

tZE Delay from Chip Select to CL =50 pF 6 15 25 ns 

Active State from Hi-Z State 

tEZ Delay from Chip Select to Hi-Z CL =50 pF 4.5 12 22 ns 
State from Active State 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified. minImax limits apply across the O°C to 85°C ambient temperature range in still air and across the specified supply variations. 
All typical values are for T A = 25°C and nominal supply. Maximum propagation delays are specified with all outputs switching simultaneously. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground. unless 
otherwise specified. 

Note 4: When DC testing IAV or lOS, only one output should be tested at a time and the current limited to 120 mA max. 

Note 5: Unless otherwise specified, all AC measurements are referenced from the 50% level of the ECl input to the 0.8V level on negative transitions or the 2.4V 
level on positive transitions of the output. ECl input rise and fall times are 0.7 ns ± 0.1 ns from 20% to 80%. 

Note 6: Caution should be used when latching data while the outputs are switching. TTL outputs generate severe ground noise when switching. This noise can be 
sufficient to cause the ECl latch to lose data. Board mounting and good supply decoupling are desirable. The worst case conditions are with all outputs switching 
low simultaneously, the maximum capacitive loading on the outputs and the maximum Vee supply voltage applied. 
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Switching Time Waveforms 
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DP8483 TTL to 100k Eel level Translator with latch 

General Description 
This circuit translates TTL input levels to ECl output levels 
and provides a fall-through latch. The outputs are gated with 
CS providing for wire DRing of outputs. The strobe and chip 
select inputs operate at ECl levels. 

Logic and Connection Diagram 

Dual-In-line Package 

TL/F/5864-1 

Top View 

Features 
• 16-pin flat-pack or DIP 
• ECl control inputs 
• CS provided for wire DRing of output bus 
• 100k ECl lID compatible 
• 3.0 ns typical propagation delay 

Truth Table 

D Q STR 

H l l 
l H l 
X Q H 
X l X 

H = high level (most positive) 

L = low level (most negative) 

X = don't care 

CS 

H 
H 
H 
l 

Order Number DP8483F, DP8483J or DP8483N 
See NS Package Number F16B, J16A or N16A 
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Absolute Maximum Ratings (Note 1) 

Specifications for Military/Aerospace products are not Maximum Power Dissipation· at 25°C 
contained In this datasheet. Refer to the associated Molded Package 1476 mW 
reliability electrical test speCifications document. Storage Temperature - 65°C to + 150°C 
VEE Supply Voltage -8V 'Derate molded package 11.8 mW/'C above 25'C. 

VCC Supply Voltage 7V 

Input Voltage (ECL) GNDtoVEE Recommended Operating 
Input Voltage (TTL) -1Vto 5.5V Conditions 
Output Current 50mA VEE Supply Voltage -4.5V +7% 

Vcc Supply Voltage 5.0V ± 10% 

TAl Ambient Temperature O°Cto 85°C 

Electrical Characteristics (TTL Logic) (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIL Input Low Voltage 0.8 V 

VIH Input High Voltage 2.0 V 

IlL Input Low Current VIN=0.5V -25 -200 /-LA 

IIH Input High Current VIN=2.5V 1.0 40 /-LA 

VCLAMP Input Clamp Voltage IIN= -12 mA -0.9 -1.2 V 

Icc Supply Current Vcc=5.5V 10 20 mA 

Electrical Characteristics (ECL Logic) (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIL Input Low Voltage VEE= -4.5V -1810 -1475 mV 

VIH Input High Voltage VEE= -4.5V -1165 -880 mV 

IlL Input Low Current VIN= -1.8V 45 150 /-LA 

IIH Input High Current VIN= -0.8V 75 200 /-LA 

VOL Output Low Voltage VEE= -4.5V -1810 -1705 -1620 mV 

VOH Output High Voltage VEE= -4.5V -1025 -955 -880 mV 

VOlC Output Low Voltage VEE= -4.5V. -1610 mV 

VOHC Output High Voltage VEE= -4.5V -1035 mV 

lEE Supply Current VEE= -4.8V -65 -85 mA 

Switching Characteristics (Notes 2 and 4) 

Symbol Parameter Conditions Min Typ Max Units 

tpD1 Strobe To Output Delay 1.5 3.0 6.0 ns 

tpD2 Data To Output Delay 2.5 4.5 7.5 ns 

ts Data Set-Up Time to Strobe 5.0 2.0 ns 

tH Data Hold Time (Note 4) 1.0 0 ns 

tpw Strobe Pulse Width 5.0 3.0 ns 

tpD3 Chip Select to Output Delay 1.0 2.5 4.0 ns 

tscs Data Set-Up Time to Chip Select 5.5 3.0 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified, min/max limits apply across the O'C to 85'C ambient temperature range in still air and across the specified supply variations. • All typical values are for 25'C and nominal supply. 
Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 
Note 4: Unless otherwise specified, all AC measurements are referenced from the 1.5V level of the TTL input and to/from the 50% point of the ECl signal and a 
50n resistor to -2V is the load. ECl input rise and fall times are 0.7 ns ±0.1 ns from 20% to 80%. TTL input characteristics is OV to 3V with tr=tf';; 3 ns measured 
from 10% to 90%. 

7-15 



Switching Time Waveforms 
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OS1630/0S3630 Hex CMOS Compatible Buffer 

General Description Features 
• High-speed capacitive driver 

• Wide supply voltage range 
The OS1630/0S3630 is a high current buffer intended for 
use with CMOS circuits interfacing with peripherals requiring 
high drive currents. The OS1630/0S3630 features low qui­
escent power consumption (typically 50 p.W) as well as 
high-speed driving of capacitive loads such as large MOS 
memories. The design of the OS1630/0S3630 is such that 
Vee current spikes commonly found in standard CMOS cir­
cuits cannot occur. thereby. reducing the total transient and 
average power when operating at high frequencies. 

• Input/output may interface to TIL 
• Input/output CMOS compatibility 
• No internal transient Vee current spikes 

• 50 p.W typical standby power 

Equivalent Schematic and Connection Diagrams 

Vee 

14 

OUT 1 

Vee 

100 10k 
INPUT U-"'~fV.~""~fV.~"'-O OUTPUT 

Dual-In-Line Package 

OUT 6 IN 6 OUT 5 IN 5 OUT 4 

13 12 11 10 

IN 1 OUT 2 IN 2 OUT 3 IN 3 

Top View 

Order Number DS1630J, DS3630J or DS3630N 
See NS Package Number J 14A or N 14A 
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Absolute Maximum Ratings Operating Conditions 
Specifications for Military I Aerospace products are not Min Max Units 

contained In this datasheet. Refer to the associated Supply Voltage (Vee> 3 15 V 

reliability electrical test specifications document. Temperature (T A) 

Supply Voltage 16V OS1630 -55 +125 °C 

Input Voltage 16V 
OS3630 0 +70 °C 

Output Voltage 16V 

Lead Temperature (Soldering, 4 seconds) 260°C 

Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

IINH Logical "1" Input Current VIN = Vee, lOUT = -400 fLA OS1630 90 200 fLA 

OS3630 90 200 fLA 

VIN = Vee - 2.0V, lOUT = 16 mA OS1630 0.5 3.2 mA 

OS3630 0.5 1.5 mA 

IINL Logical "0" Input Current VIN = O.4V, lOUT = 16 mA OS1630 -0.15 -1 mA 

OS3630 Vee- 15O -800 fLA 

VOH Logical "1" Output Voltage VIN = Vee, lOUT = - 400,..,A OS1630 Vee - 1 Vee - 0.75 V 

OS3630 Vee - 0.9 Vee - 0.75 V 

VIN = Vee - O.4V, lOUT = -16 mA OS1630 Vee - 2.5 Vee - 2.0 V 

OS3630 Vee - 2.5 Vee - 2.0 V 

VOL Logical "0" Output Voltage VIN = OV, lOUT = 400 fLA OS1630 0.75 1 V 

OS3630 0.75 0.9 V 

VIN = OV, lOUT = 16 mA OS1630 0.95 1.3 V 

OS3630 0.95 1.3 V 

VIN = O.4V, lOUT = 16 mA OS1630 1.2 1.6 V 

OS3630 1.2 1.5 V 

Switching Characteristics Vee = 5.0V, TA = 25°C unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

tpdO Propagation Delay to a Logical "0" CL = 50 pF 30 45 ns 

CL = 250 pF 40 60 ns 

CL = 500 pF 50 75 ns 

tpd1 Propagation Delay to a Logical "1" CL = 50 pF 15 25 ns 

CL = 250 pF 35 50 ns 

CL = 500 pF 50 75 ns 

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 operating at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Unless otherwise specified min/max limits apply across the -55·C to + 125·C temperature range for the 051630 and across the O·C to + 70·C range for 
the 053630. All typicals are given for Vee = 5.0V and T A = 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. 
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Typical Applications 

CMOS to CMOS Interface 

CMOS to Transmission Line Interface 
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AC Test Circuit and Switching Time Waveforms 
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057800/058800 Dual Voltage Level Translator 

General Description 
The OS7800/0S8800 are dual voltage translators designed 
for interfacing between conventional TTL or LS voltage lev­
els and those levels associated with high impedance junc­
tion or MOS REF-type devices. The design allows the user a 
wide latitude in his selection of power supply voltages, thus 
providing custom control of the output swing. The translator 
is especially useful in analog switching; and since low power 
dissipation occurs in the "off" state, minimum system power 
is required. 

Schematic and Connection Diagrams 

Vee V, 

R3 
16K 

t-----1 ........ - OUTPUT X 

-----+--V. 
TLIF/5827-1 

Typical Applications 
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-Analog signals within the range of +BV to -BV. 
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Features 
• 31 volt (max) output swing 
• 1 mW power dissipation in normal state 
• Standard 5V power supply 
• Temperature range: 

OS7800 
OS8800 

- 55°C to + 125°C 
O°C to +70°C 

• Compatible with all MOS devices 

Metal Can Package 

Vee 

OUTPUT X 
TLIF/5827-2 

Top View 
Order Number DS7800H or DS8800H 

See NS Package Number H10C 

Bipolar to MOS Interfacing 

rJ---0 
OTl~ 
OR~ 
TTL I 051800 I 
INPUT~ 
lEVElS~ 

Lr--r 
-= -IOV 

TL/F/5827-4 

c 
en ...... 
co 
C) 
C) 
....... 
c 
en 
co co 
C) 
C) 



o 
o 
CO 
CO en c ....... 
o 
o 
CO 
r--. en c 

Absolute Maximum Ratings (Note 1) Operating Conditions 
Specifications for Military/Aerospace products are not Min Max Units 
contained In this datasheet. Refer to the associated Supply Voltage, Vee 
reliability electrical test specifications document. OS7800 4.5 5.5 V 
Vee Supply Voltage 7.0V OS8800 4.75 5.25 V 

V2 Supply Voltage -30V Temperature (T A) 

V3 Supply Voltage 30V 
OS7800 -55 +125 ·C 

OS8800 0 +70 ·C 
V3-V2 Voltage Differential 40V 

Input Voltage 5.5V 

Storage Temperature - 65·C to + 150·C 

Lead Temperature (Soldering, 4 seconds) 260°C 

Maximum Power Dissipation· at 25°C 
Metal Can (TO-5) Package 690mW 

·Oerate metal can package 4.6 mW/'C above 25'C. 

Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min 
Typ 

Max Units 
(Note 6) 

VIH Logical "1" Input Voltage Vee = Min 2.0 V 

VIL Logical "0" Input Voltage Vee = Min 0.8 V 

IIH Logical "1" Input Current Vee = Max I VIN = 2.4V 5 p,A 

I VIN = 5.5V 1 mA 

IlL Logical "0" Input Current Vee = Max, VIN = 0.4V -0.2 -0.4 mA 

IOL Output Sink Current Vee = Min, VIN = 2V, I OS7800 1.6 mA 

V3 Open I OS8800 2.3 mA 

IOH Output Leakage Voltage Vee = Max, VIN = 0.8V (Notes 4 and 7) 10 p,A 

Ro Output Collector Resistor TA = 25·C 11.5 16.0 20.0 kn 

VOL Logical "0" Output Voltage Vee = Min, VIN = 2.0V (Note 7) V2 + 2.0 V 

leC(MAX) Power Supply Current Vee = Max, VIN = 4.5V (Note 5) 
0.85 1.6 mA 

Output "ON" Per Gate 

leC(MIN) Power Supply Current Vee = Max, VIN = OV (Note 5) 
0.22 0.41 mA 

Output "OFF" Per Gate 

Switching Characteristics T A = 25°C, nominal power supplies unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpdO Transition Time to Logical T A = 25·C, C = 15 pF (Note 8) 
25 70 125 ns 

"0" Output 

tpd1 Transition Time to Logical TA = 25·C, C = 15 pF (Note 9) 
25 62 125 ns 

"1" Output 

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 actual device 
operation. 
Note 2: Unless otherwise specified minImax limits apply across the -55'C to + 125'C temperature range for the 057800 and across the O'C to +70'C range for 
the 058800. 
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: Current measured is drawn from V3 supply. 
Note 5: Current measured is drawn from Vce supply. 
Note 6: All typical values are measured at TA = 25'C with Vee = 5.0V, V2 = -22V, V3 = +8V. 
Note 7: Specification applies for all allowable values of V2 and V3. 
Note 8: Measured from 1.5V on input to 50% level on output. 
Note 9: Measured from 1.5V on input to logic "0" voltage, plus 1V. 
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Theory of Operation 
The two input diodes perform the AND function on TIL in­
put voltage levels. When at least one input voltage is a logi­
cal "0", current from Vee (nominally 5.0V) passes through 
R1 and out the input(s) which is at the low voltage. Other 
than small leakage currents, this current drawn from Vee 
through the 20 kn resistor is the only source of power dissi­
pation in the logical "1" output state. 

When both inputs are at logical "1" levels, current passes 
through R1 and diverts to transistor 01, turning it on and 
thus pulling current through R2. Current is then supplied to 
the PNP transistor, 02. The voltage losses caused by cur­
rent through 01, 03, and 02 necessitate that node P reach a 
voltage sufficient to overcome these losses before c.urrent 
begins to flow. To achieve this voltage at node P, the Inputs 
must be raised to a voltage level which is one diode poten­
tial lower than node P. Since these levels are exactly the 
same as those experienced with conventional TIL, the in­
terfacing with these types of circuits is achieved. 

Transistor 02 provides "constant current switching" to the 
output due to the common base connection of 02. When at 
least one input is at the logical "0" level, no current is deliv­
ered to 02; so that its collector supplies essentially zero 
current to the output stage. But when both inputs are raised 
to a logical "1" level current is supplied to 02. 

Selecting Power Supply Voltage 
The graph shows the boundary conditions which must be 
used for proper operation of the unit. The range of operation 
for power supply V2 is shown on the X axis. It must be 
between -25V and -8V. The allowable range for power 
supply V3 is governed by supply V2. With a value chosen for 
V2, V3 may be selected as any value along a vertical line 
passing through the V2 value and terminated by the bounda­
ries of the operating region. A voltage difference between 
power supplies of at least 5V should be maintained for ade­
quate signal swing. 

Switching Time Waveforms 

INPUT 

OUTPUT----+-_ 

___ Tpdo 

50% 
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Since this current is relatively constant, the collector of 02 
acts as a constant current source for the output stage. Logic 
inversion is performed since logical "1" input voltages 
cause current to be supplied to 02 and 03. And when 03 
turns on the output voltage drops to the logical "0" level. 

The reason for the PNP current source, 02, is so that the 
output stage can be driven from a high impedance. This 
allows voltage V2 to be adjusted in accordance with the 
application. Negative voltages to - 25V can be applied to 
V2. Since the output will neither source nor sink large 
amounts of current, the output voltage range is almost ex­
clusively dependent upon the values selected for V2 and V3. 

Maximum leakage current through the output transistor 03 
is specified at 10 /-LA under worst-case voltage between V2 
and V3. This will result in a logical "1" output voltage which 
is 0.2V below V3. Likewise the clamping action of diodes 04, 
05, and 06, prevents the logical "0" output voltage from 
falling lower than 2V above V2, thus establishing the ouput 
voltage swing at typically 2 volts less than the voltage sepa­
ration between V2 and V3. 

V3 25 
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15 

10 
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DS78L 12/DS88L 12 Hex TTL-MOS Inverter/Interface Gate 

General Description 
The DS78L 12/DS88L 12 is a low power TTL to MOS hex 
inverter element. The outputs may be "pulled up" to + 14V 
in the logical "1" state, thus providing guaranteed interface 
between TTL and MOS logic levels. The gate may also be 

Schematic and Connection Diagrams 
Vee 

500 

20K 

...... 'V\;I\t-.... -o vour 

12K 

Note: Shown is schematic for each inverter. 

Typical Applications 
TTL Interface to MOS ROM 
without Resistive Pull-Up 

+12V 

Vss 

..,..",,-------. INPUT 

ROM 

DS88L12 Veo 

-12V 

TLlF;/8584-1 

TLlF/8584-3 

operated with Vee levels up to + 14V without resistive pull­
ups at the outputs and still providing a guaranteed logical 
"1" level of Vee - 2.2V with an output current of - 200 pA 

Vee 
Dual-In-Llne Package 

Top View 

Order Number DS78L 12J, DS88L 12J, 
DS88L 12N and DS78L 12W 

GND 

TL/F/8584-2 

See NS Package Number J14A, N14A or W14B 

TTL Interface to MOS ROM 
with Resistive Pull-Up 

+12V 

+5V 

3.6K 
Vss 

~)-..... ~--t INPUT 

ROM 

DS88L12 Veo 

-12V 

TLlF/8584-4 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Specifications for Military/Aerospace products are not Min Max Units 

contained In this datasheet. Refer to the associated Supply Voltage (Vee) 

reliability electrical test specifications document. DS78l12 4.5 5.5 V 

Supply Voltage 15V DS88l12 4.75 5.25 V 

Input Voltage 5.5V Temperature (T A) 
DS78L12 -55 125 °C 

Output Voltage 15V DS88L12 0 70 °C 
Storage Temperature Range - 65°C to + 150°C 

Maximum Power Dissipation" at 25°C 
Cavity Package 1308mW 
Molded Package 1207 mW 

Lead Temperature (Soldering, 4 sec.) 260°C 
"Derate cavity package 8.72 mWrC above 25'C; derate molded package 
9.66 mWrC above 25'C. 

Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIH Logical "1" Input Voltage Vcc = 14.0V 2.0 1.3 V 

Vec = Min 2.0 1.3 V 

Vil Logical "0" Input Voltage Vee = 14.0V 1.3 0.7 V 

Vee = Min 1.3 0.7 V 

VOH Logical "1" Output Voltage VIN = 0.7V Vee = 14.0V,IOUT = -200/-LA 11.8 12.0 V 

Vee = Min,lOUT = -200/-LA 14.5 15.0 V 

VIN = OV, Vee = Min,lOUT = - 5.0 /-LA (Note 6) V 

VOL Logical "0" Output Voltage VIN = 2.0V Vee = 14.0V,IOUT = 12 mA 0.5 1.0 V 

Vee = Min, lOUT = 3.6 mA 0.2 0.4 V 

IIH Logical "1" Input Current VIN = 2.4V Vee = 14.0V <1 20 /-LA 

Vee = Max <1 10 /-LA 

VIN = 5.5V Vee = 14.0V <1 100 /-LA 

Vee = Max <1 100 /-LA 

III Logical "0" Input Current VIN = 0.4V Vee = 14.0V -320 -500 /-LA 

Vee = Max -100 -180 /-LA 

Ise Output Short Circuit Current VOUT = OV Vee = 14.0V -10 -25 -50 mA 
(Note 4) Vee = Max -3 -8 -15 mA 

leeH Supply Current-Logical "1" VIN = OV Vee = 14.0V 0.32 0.50 mA 
(Each Inverter) Vee = Max 0.11 0.16 mA 

leel Supply Current-Logical "0" VIN = 5.25V Vee = 14.0V 1.0 1.5 mA 
(Each Inverter) Vee = Max 0.3 0.5 mA 

Switching Characteristics T A = 25°C, nominal power supplies unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpdo Propagation Delay to a Logical "0" TA = 25°C Vee = 5.0V (Figure 2) 27 45 ns 
from Input to Output Vee = 14.0V (Figure 1) 11 20 ns 

tpd1 Propagation Delay to a Logical "1" TA = 25°C Vee = 5.0V (Figure 2), (Note 5) 79 100 ns 
from Input to Output Vee = 14.0V (Figure 1) 34 55 ns 

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 actual device 
operation. 
Note 2: Unless otherwise specified min/max limits apply across the - 55'C to + 125'C temperature range for the DS78L 12 and across the O'C to + 70'C range for 
the DS88L12. 
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. 
Note 5: tpdl for Vee = 5.0V is dependent upon the resistance and capacitance used. 
Note 6: VOH = Vee - 1.1V for the DS88L12 and Vee - 1.4V for the DS78L 12. 

7-25 

c en ....... 
CO 
r 
-"'" 
N 

"" C en 
CO 
CO 
r 
-"'" 
N 



N ,.... 
-I 
co 
co 
(/) 
C 
........ 
N ,.... 
-I 
co 
I'­
(/) 
C 

AC Test Circuits 

Vee' 14.0V 

V. - ~ - - - Voo, 

~ .... , 
For Vee = 14V 

TL/F 18584-5 

FIGURE 1 

Vee' 5V 

14 

+14V 

4~ 

~ 4· 4.3K 

4· 
>C)--"~-I) Your J C, ... " 

For Vee • 5.0V 

TL/F/8584-6 

FIGURE 2 
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Switching Time Waveforms 

~
--3'OV 

--1.3V--
I I 
I : 

INPUT I I 

: : 
OUTPUTi\ir: 1 

I I 

I ---50%---
I . I 

I 1 I I 
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Ipdo-I 1 ____ 1 I--Ipd' 
I I 1 I 

f = 1 MHz 

t, = tj = 10 ns 

PW = 100 ns 
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Frequency Synthesis 
Frequency synthesis is the process of generating a multi­
tude of different frequencies from one reference frequency. 
A common application where the frequency synthesis con­
cept is used is in electronically tuned radios and televisions. 

Digital tuning systems are fast replacing the conventional 
mechanical systems in AM, FM and television receivers. 
The digital approach encompasses the following operation­
al features: 
• Precise tuning of station frequencies 
• Exact digital frequency display 
• Keyboard entry of desired frequency 
• Virtually unlimited station memory 
• Up/down scanning through the band 
• Station "search" (stop on next active station) 
• Power-on to the last station 
• Easy option for time-of-day clock 
In addition, recent developments in large-scale integrated 
circuit technology and new varactor diodes for the AM band 
have made the cost-benefit picture for digital tuning very 
attractive. 

The heart of any digital tuning system is, of course, the 
phase locked loop (PLL) synthesizer. The basic subcompo­
nents of a digital system are: a voltage controlled oscillator 
(VCO), a phase comparator and some programmable and 
fixed dividers. The PLL's basic function is to take two input 
signals and match them as illustrated in Figure 1. The output 
of the phase comparator of the PLL is an error signal which 
is filtered and fed back to the VCO as a DC control voltage. 
The DC control voltage adjusts the VCO until it causes the 
phase comparator's two inputs to match one another. 

The weak point of this simple illustration is that many PLLs 
are fabricated using MOS processes which make them rela­
tively incapable of receiving high frequency signals. In fact, 

PLL 

PROGRAMMABLE 
COUNTER 

state-of-the-art microCMOS devices are usually limited to 
100 MHz operation. Even the FM band exceeds this limita­
tion. As a result, a prescaler is almost always used in PLL 
tuning applications such as FM radios, police scanning radi­
os, aircraft radios, etc. The prescaler is specifically designed 
to divide high frequency AC input signals down to a usable 
frequency for the PLL. The prescaler becomes an extension 
of the PLL's programmable counter as illustrated in Figure 
2. 

For less sophisticated tuning applications, a fixed division 
prescaler will make the VCO signal palatable to the PLL and 
be sufficient for general tuning characteristics. However, in 
some applications, a fixed division prescaler can cause sig­
nificant undesirable side effects such as: 

1. Increased channel spacing (step size) at the output of 
the PLL's counter; or 

2. A forced decrease of the fixed oscillator reference fre­
quency in order to obtain specific channel spacing 
which can lead to 

A. increased lock-on time, 

B. decreased scanning rates, and 

C. sidebands at undesirable frequencies. 

AN-335 in this section explains in detail how these two 
shortcomings of fixed division prescaling are alleviated by 
using a dual modulus prescaler. A dual modulus prescaler is 
substituted for the fixed prescaler and is controlled by pro­
grammable counters in the dual modulus PLL, as illustrated 
by the dotted line in Figure 2. 

In order to address the requirements of digital frequency 
synthesis applications, National has introduced a growing 
family of PLL synthesizers and prescalers. The OS8906, 
OS8907 and OS8908 are complete PLL synthesizers with 
features that go beyond those illustrated in Figure 2. 

C118-1 

FIGURE 1 
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Highlights 
• The 088908 integrates a reference oscillator, phase com­

parator, charge pump, operational amplifier, 120 MHz 
ECL/12L dual modulus programmable divider, and a shift 
register/latch for serial data entry. 

• The 088614, 088615, 088616, 088617, 088627, and 
088628 represent a broad family of single and dual modu­
lus prescalers for use in conjunction with other manufac-

turers' NM08 or CM08 PLLs. These low-power/high­
speed prescalers are available with division ratios ranging 
from a fixed -:- 20 up to a dual modulus -:- 64/65. This 
array of products allows for the choice of a division ratio 
which is virtually tailored to the speed and tuning require­
ments of a particular frequency synthesis application. 

PROGRAMMABLE 
COUNTER 

C118-2 

FIGURE 2 
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~ 
Frequency Synthesizers Selection Guide 

Product Type Frequency Bands Power (mA) Tuning Resolution Page No. 

PLL FREQUENCY SYNTHESIZERS 

OS8906 AM/FM 160 500 Hz/12.5 kHz 8·23 
OS8907 AM/FM 160 10 Hz/25 kHz 8·30 
OS8908 AM/FM 160 1 kHz,9 kHz,1 0 kHz, 20 kHz 8·36 
OS8911 AM/FMIVHF TV 35 FM; 10, 12.5, 25, 100 kHz 

8·44 
AM; 1, 1.25, 2.5, 10kHz 

OS8912 AM/FMIVHFTV 35 FM; 10, 12.5, 25, 100 kHz 
8·44 

AM; 0.5, 0.625, 1.25, 5 kHz 
AN·335 Oigital 

8·53 
PLL Synthesis 

Product Type Divide Modulus Power (mA) fMAX Page No. 

HIGH FREQUENCY PRESCALERS 

Single (Fixed) Modulus Dividers 

OS8627 +24 7/10 130/225 MHz 8·17 
OS8628 +20 7/10 130/225 MHz 8·17 
OS8621 +64, +256 32 275 MHz, 1.2 GHZ 8·10 

Dual-Modulus Dividers 

OS8614 +20/21 7/10 130/225 MHz 8·6 
OS8615 +32/33 7/10 130/225 MHz 8·6 
OS8616 +40/41 7/10 130/225 MHz 8·6 
OS8617 +64/65 7/10 130/225 MHz 8·6 
OS8622 + 126/128, + 252/256 32 550 MHz, 1.2 GHz 8·13 

8·5 
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DS8614/DS8615/DS8616/DS8617 130/225 MHz 
Low Power Dual Modulus Prescalers 

General Description 
The 058614 series products are low power dual modulus 
prescalers which divide by 20/21, 32/33, 40/41, and 64/65, 
respectively. The modulus control (MC) input selects divi­
sion by N when at a high TTL level and division by N + 1 
when at a low TTL level. The clock inputs are buffered, 
providing 40/100 mVrms input sensitivity. The two outputs 
provide the user the option to wire either a totem-pole or 
open-collector output structure. Additionally, the user can 
wire a resistor between the two output pins to minimize 
edge transition emissions. The outputs are designed to 
drive positive edge triggered PLLs. These products can be 
operated from either an unregulated 5.5V to 13.5V source 
or regulated 5V ± 10% source. Unregulated operation is ob­
tained by connecting Vs to the source with VREG open. 
Regulated operation is obtained by connecting both Vs and 
VREG to the supply source. 

Logic and Connection Diagrams 

The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre­
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived sepa­
rately or in conjunction with a phase-locked loop, and it can 
extend the useful range of many inexpensive frequency 
counters to 225 MHz. 

Features 
• Input frequency: 130 MHz (-4, -3); 225 MHz (-2, std) 
• Low power: 10 mA (-4, -2); 7 mA (-3, std) 
• Input sensitivity: 100 mVrms (-4, -3); 40 mVrms (-2, std) 
• Pin compatible with Motorola MC12015-17 prescalers 
• Unregulated/regulated power supply option 

Generalized -;- NIN + 1 

~~~~~~~ 1 
H= +N 0-----1 ~-------, 

l=+N+1 

elK elK 

Dual-In-Line Package 

Me Vs 

UPPER OUTPUT 

lOWER OUTPUT -INPUT 

GROUND +INPUT 

Top View 

Order Number DS8614N, DS8615N, 
DS8616N or DS8617N (-4, -3, -2) 
See NS Package Number N08E 

8-6 

2 
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3 
lOWER OUTPUT 

elK 
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Absolute Maximum Ratings (Note 1) 

Specifications for Mllitaryl Aerospace products are not Modulus Control Input Voltage 
contained In this datasheet. Refer to the associated Open-Collector Output Voltage 
reliability electrical test specifications document. 

Operating Free Air Temperature Range 
Vs, Unregulated Supply Voltage 15V 

Storage Temperature Range 
VREG, Regulated Supply Voltage 7V 

Recommended Operating Conditions 
058614·4 058614·3 058614·2 
058615·4 058615·3 058615·2 

Symbol Parameter Conditions 058616·4 058616·3 058616·2 
058617·4 058617·3 058617·2 

Min Max Min Max Min Max 

Vs' Unregulated Supply Voltage VREG = Open 6.8 13.5 6.8 13.5 5.5 13.5 

VREG Regulated Supply Voltage Vs and VREG Shorted 4.5 5.5 4.5 5.5 4.5 5.5 

fMAX Toggle Frequency VIN = 100 rnVrms 20 130 20 130 225 

VIN Input Signal Amplitude 100 300 100 300 40 300 

VSLW Slew Rate 20 20 20 

IOH High Level Output Current -400 -400 -400 

IOL Low Level Output Current 2.0 2.0 2.0 

DC Electrical Characteristics (Notes 2 and 3) 

058614·4 058614·3 058614·2 
058615·4 058615·3 058615·2 

Symbol Parameter Conditions 058616·4 058616·3 058616·2 
058617·4 058617·3 058617·2 

Min Max Min Max Min Max 

VIH High Level MC Input Vs = 13.5V, VREG = Open 
2.0 2.0 2.0 

Voltage 

VIL Low Level MC Input VREG = Vs = 4.5V 
0.8 0.8 0.8 

Voltage 

VOH High Level Output IOH = - 0.4 rnA, 
VREG -2 VREG -2 VREG -2 

Voltage Pins 2 and 3 Shorted 

ICEX Open-Collector High Lower Output = 5.5V 
100 100 100 

Level Output 

VOL Low Level Output VREG = 4.5V, IOL = 2 rnA 
0.5 0.5 0.5 

Voltage 

II Max MC Input Current Vs = 13.5V, VREG = Open, 
100 100 100 

VIH = 7V 

IIH High Level MC Input VREG = 4.5V, VIH = 2.7V 
20 20 20 

Current 

IlL Low Level MC Input Vs = 13.5V, VREG = Open, 
-200 -100 -200 

Current VIL = O.4V 

Is Supply Current, Vs = 13.5V, VREG = Open 
10 7 10 

Unregulated Mode 

IREG Supply Current, Vs = VREG = 5.5V 
10 7 10 

Regulated Mode 

8-7 

7V 

7V 

- 30·C to + 70·C 

- 65·C to + 150·C 

058612 
058615 
058616 Units 
058617 

Min Max 

5.5 13.5 V 

4.5 5.5 V 

225 MHz 

40 300 rnVrms 

20 V/IJ-s 

-400 IJ-A 

2.0 rnA 

058612 
058615 
058616 Units 
058617 

Min Max 

2.0 V 

0.8 V 

VREG -2 V 

100 IJ-A 

0.5 V 

100 IJ-A 

20 IJ-A 

-100 IJ-A 

7 rnA 

7 rnA 
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AC Electrical Characteristics Vee = 5V ±10%, TA = -30°C to +70°C 

Symbol Parameter Conditions Min Max Units 

tMODULUS Modulus Set-Up Time OS8614 55 

(Notes 4 and 5) OS8615,OS8616 65 ns 

OS8617 75 

RIN AC Input Resistance VIN = 100 MHz and 50 mVrms 1.0 kn 

CIN Input Capacitance VIN = 100 MHz and 50 mVrms 3 10 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 are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 30·C to + 70·C temperature range. 

Note 3: All currents into device pins are 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: tMODULUS = the period of time the modulus control level must be defined prior to the positive transition of the prescaler output to ensure proper modulus 
selection. 

Note 5: See Timing Diagrams. 

Timing Diagram 

OUTPUT 
WAVEFORM 

MOOULUS CONTROL 
INPUT WAVEFORM 

TLIF/5240-3 

The logical state of the modulus control input just prior to the output's rising edge will determine the modulus ratio of the device 
immediately following that rising edge. The pulse width difference of Nand N + 1 operation occurs during the output = HI conditions. 

Typical Applications 
5V 

~~I-F-4~ ___ '" 

REGULATEO 

TLIF/5240-4 TL/F/5240-5 

Schematic Diagrams 
VREG VREG VREG 

75k 

2 
UPPER OUTPUT 

TL/F/5240-7 

-~ ... """""' 
TLIF/5240-8 

TLIF/5240-6 
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Application Hints 
OPERATING NOTES 
The signal source is usually capacitively coupled to the in­
put. At higher frequencies a 0.001 J.LF input capacitor (C1) is 
usually sufficient, with larger values used at the lower fre­
quencies. If the input signal is likely to be interrupted, it may 
be desirable to connect a 100 kn resistor between one in­
put and ground to stabilize the device. In the single-ended 
mode, it is preferable to connect the resistor to the unused 
input. In the differential mode, the resistor can be connected 
to either input. The addition of the 100 kn pulldown resistor 
causes a loss of input sensitivity, but prevents circuit oscilla­
tions under no signal (open circuit) conditions. In addition, in 

8-9 

the single ended mode, a capacitor of 0.001 J.LF (C2) should 
be connected between the unused input and the ground 
plane to provide a good high frequency bypass. The capaci­
tor should be made larger for lower frequencies. 

The input waveform may be sinusoidal, but below about 
20 MHz the operation of the circuit becomes dependent on 
the slew rate of the input rather than amplitude. A square 
wave input with a slew rate of greater than 20 V / J.Ls will 
permit correct operation down to lower frequencies, provid­
ed the proper input coupling capacitor is provided. 

For regulated mode operation connect Vs to VREG to en­
sure proper operation (see Typical Application diagram). 
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PRELIMINARY 

DS8621 275 MHz/1.2 GHz VHF/UHF Prescaler 

General Description 
The OS8621 is a low power, high speed prescaler intended 
for use in frequency synthesized television tuners. The de­
vice performs division by 64 from the VHF input and division 
by 256 from the UNF input. The VHF and UHF inputs are 
buffered providing 50 mVrms sensitivity at frequencies in 
excess of 275 MHz and 1.2 GHz respectively. (The VHF and 
UHF input signals can be applied either single or double­
ended.) The TTL compatible bandswitch (BSW) input se­
lects the VHF inputs when at a low level and the UHF inputs 
when at a high level. The outputs are complementary ECl 
structures which have controlled edge-transition rates to 
minimize spurious harmonic emissions. The device operates 
from a 5V ± 10% supply source. VCC2 and GN02 power the 
VHF and UHF input stages while VCC1 and GN01 power the 
remainder of the circuit, thus limiting internal feedback. 

Logic and Connection Diagrams 

Vccz 

r- - - - -l~ ----_, 

VCC2 

VCC1 

I I 

I 

L -----r.--- 3 

GNIl2 BSW 

Dual-In-Line Package 

Top View 

14 
VHF INPUT 

13 VHF INPUT 

12 NC 

11 NC 

10 UHF INPUT 

UHF INPUT 

GNIl2 

TLlF17527-2 

I 
I 

Features 
• Broadband operation 
• High sensitivity 
• Separate VHF and UHF inputs 

• low power 
• Pin compatible with RCA (CA3179) and Motorola 

(MC12071) 

VCCI 

r---l~----, 
I I 
I I 
I I 4 

o 
5 OUTPUTS 

.....-'t.--I--oa 

Logic Truth Table 

BSW 
Input 

Modulus 
Mode 

0 VHF 64 
1 UHF 256 

Order Number DS8621N 
See NS Package Number N14A 

TLlF/7527-1 
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Absolute Maximum Ratings (Note 1) 

Specifications for Military/Aerospace products are not Input Voltage 7V 
contained in this datasheet. Refer to the associated 

Operating Free Air Temperature Range - 30°C to + 70°C reliability electrical test specifications document. 

Vee1, Supply Voltage 7V Storage Temperature Range - 65°C to + 150°C 

Vee2, Supply Voltage 7V 

Recommended Operating Conditions 
Symbol Parameter Conditions Min Max Units 

Supply Voltages 

Vee1 4.5 5.5 V 

Vee2 4.5 5.5 V 

fMAX Toggle Frequency 
VHF VIN = 100 mVrms 80 275 MHz 
UHF 80 1200 MHz 

VIN Input Signal Sensitivity 
VHF 80 MHz-275 MHz 20 500 mVrms 
UHF 80 MHz-450 MHz 100 500 mVrms 

450 MHz-1200 MHz 50 500 mVrms 

Input Slew Rate 
VHF 20 V/JJ-s 
UHF 20 V/p.s 

IOH High Level Output Current -300 p.A 

IOL Low Level Output Current 300 JJ-A 

DC Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Max Units 

VIH High Level SSW Input Voltage Vee = 5.5V 2.0 V 

VIL Low Level SSW Input Voltage Vee = 4.5V 0.8 V 

II Max High Level SSW Input Vee = 4.5V 
100 JJ-A 

Current VIH = 7V 

IIH High Level SSW Input Current Vee = 4.5V 
20 JJ-A 

VIH = 2.7V 

IlL Low Level SSW Input Current Vee = 5.5V 
-100 JJ-A 

VIL = OAV 

Output Voltage Range Refer to Output Load Diagram 0.75 1.6 Vp-p 

Ice Supply Current Vee = 5.5V 32.0 mA 

AC Electrical Characteristics Vee = 5V ±10%, TA = - 30°C to + 70°C 

Parameter I Conditions I Min I Max I Units 

Output Rise/Fall Time I Refer to Output Load Diagram I 40 I 110 I ns 

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 actual device 
operation. 
Note 2: Unless otherwise specified minImax limits apply acros the - 30'C to + 70'C temperature range. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltage referenced to ground unless otherwise noted. All values shown as 
max or min on absolute value basis. 
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TypicallnputlOutput Schematics 

Bandswitch Buffer 

VCC2 

BANDSWITCH 
INPUT 

SOk 

Output Load Diagram 

TL/F 17527-3 

VHF/UHF Input Buffers 

INPUT 1 

5V 

r------, 100 pF 

10 b.. 

INPUT 2 

~100mvrms 

:o,,~ 

PROBE o--4I~iV\"..--t 

"Includes capacitance of probes 
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Output Buffer 

VCC1 

TL/F17527-5 

TLlF17527-6 
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OS8622 500 MHz/1.2 GHz Dual Modulus 
VHF/UHF Prescaler 

General Description 
The DS8622 is a low power broadband dual modulus pre­
scaler intended for use in frequency synthesized television 
tuners. The device features separate VHF and UHF buff­
ered inputs, VHF input division by 126 or 128, UHF input 
division by 252 or 256, TTL compatible bandswitch and 
modulus control inputs, complementary ECl outputs, and 
5Voperation. 

Conditions. The outputs are internally edge-transition con­
trolled to minimize spurious harmonic emissions. The device 
operates from a standard 5V ± 10% supply source. VCC2 
and GND2 power the VHF and UHF input stages, and VCC1 
and GND1 power the remainder of the circuit, thus limiting 
internal feedback. 

The VHF and UHF inputs cover a frequency range from 80 
MHz to 1200 MHz and can be driven either single or double­
ended. The bandswitch (BSW) input selects the VHF inputs 
when at a low level and the UHF inputs when at a high level. 
The modulus control (MC) input selects division by 126 or 
252 when at a high level and division by 128 or 256 when at 
a low level. The dual modulus feature of this prescaler can 
provide frequency resolution steps of 3.9 kHz, 7.8 kHz, or 
15.6 kHz as shown in the table of Possible Operating 

Logic and Connection Diagrams 

Features 
• Broadband operation 
• Increased frequency resolution 
• High input sensitivity 
• Separate VHF and UHF inputs 

• low power 

VCC2 VCCI 

r------X------, r----t----, 
I I I I 
I I I I 

I I I 

MUX 

4 
a 

5 OUTPUTS 
AI....--+-oo 

Dual-In-Line Package 

14 
VCC2 

Top View 

VHF INPUT 

UHF INPUT 

GNDz 

TL/F17538-2 
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Logic Truth Table 

BSW Me 
Input 

Modulus 
Mode 

0 0 VHF 128 
0 1 VHF 126 
1 0 UHF 256 
1 1 UHF 252 

Order Number DS8622N 
See NS Package Number N14A 

TL/F17538-1 
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Absolute Maximum Ratings (Note 1) 

Specifications for Military/Aerospace products are not Operating Free Air Temperature Range - 30°C to + 70°C 
contained in this datasheet. Refer to the associated Storage Temperature Range - 65°C to + 150°C 
reliability electrical test specifications document. 

Vee1, Supply Voltage 7V 
VeC2, Supply Voltage 7V 
SSW, MC Input Voltage 7V 

Recommended Operating Conditions 
Symbol Parameter Conditions Min Max Units 

Supply Voltages 

Vee1 4.5 5.5 V 
Vee2 4.5 5.5 V 

fMAX Toggle Frequency VIN = 100 mVrms 
VHF 80 550 MHz 
UHF 80 1200 MHz 

VIN Input Signal Sensitivity 
VHF 80 MHz-550 MHz 50 500 mVrms 
UHF 80 MHz-550 MHz 100 500 mVrms 

550 MHz-1200 MHz 50 500 mVrms 

Input Slew Rate 
VHF 20 V/p.s 
UHF 20 V/p.s 

IOH High Level 
-300 p.A 

Output Current 

IOL Low Level 
300 p.A 

Output Current 

DC Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Max Units 

VIH High Level Input Voltage (Note 4) Vee = 5.5V 2.0 V 

VIL Low Level Input Voltage (Note 4) Vee = 4.5V 0.8 V 

II Max Input Current (Note 4) Vee = 4.5V 
100 p.A 

VIH = 7V 

IIH High Level Input Current (Note 4) Vee = 4.5V 
20 p.A 

VIH = 2.7V 

IlL Low Level Input Current (Note 4) Vee = 5.5V 
-100 p.A 

VIL = O.4V 

Output Voltage Range Refer to Output Load Diagram 0.75 1.6 Vp-p 

Icc Supply Current 32.0 mA 

AC Electrical Characteristics Vee = 5V ± 10%, T A = - 30°C to + 70°C 

Symbol Parameter Conditions Min Max Units 

tMODULUS Modulus Set-up Time 
65 ns 

(Note 5) 

tSEL SSW Select Time 20 p.s 

Output Rise/Fall Time Refer to Output Load Diagram 40 110 ns 

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 actual device 
operation. 
Note 2: Unless otherwise specified minImax limits apply across the -30'C to +70'C temperature range. 
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: Applies to SSW and MC inputs. 
Note 5: tMODULUS = the period of time the modulus control level must be defined prior to the positive transition of the pre scale output to ensure proper modulus 
selection. 
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Typicallnput/Output Schematics 

MODULUS 
CONTROL 

IN 

Modulus Control Buffer 

VHF/UHF Input Buffers 

INPUT 1 

Output Load Diagram 

5V 

TL/F/7538-3 

INPUT 2 

TL/F/7538-5 

...... ___ --, 100 pF 

10 ~l00m~m' 
~DOO~ 

PROBE o--e~N~ 

'Includes capacitance of probes. TL/F/7538-7 

8-15 

Bandswltch Buffer 

BANDSWITCH 
INPUT 

VCC2 

Output Buffer 

CAP2o-~~~~-----+----~ 

CAP 1 o---4~-4----t 

TL/F /7538-4 

TL/F/7538-6 

Possible Operating Conditions 

Reference Frequency Min Lock 
Frequency Mode Resolution Frequency· 

(kHz) (kHz) (MHz) 

15.625 VHF 31.25 124.03125 

UHF 62.5 248.0625 

7.8125 VHF 15.625 62.015625 

UHF 31.25 124.03125 

3.90625 VHF 7.8125 31.0078 

UHF 15.625 62.015625 

'Frequencies obtainable using minimum continuous N code. 

c 
en 
(X) 
en 
I\) 
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~ Timing Diagram 
tJ) 
c 

OUTPUT 
WAVEFORM 

MOOULUS CONTROL 
INPUT WAVEFORM 

(VHF) +126 (VHF)+12B 
(UHF) + 252 (UHF) + 256 

(VHF)+126 
(UHF)+252 

TL/FI753B-B 

The modulus control input level is sensed immediately prior to the output low-to-high level transition. The prescaler's modulus value will respond to the change 
in the modulus control input level immediately after that same output low-to-high level transition. 
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058627/058628 "130/225 MHz Low Power Prescalers 

General Description 
The OS8627 and OS8628 are low power fixed ratio prescal­
ers which divide by 24 and 20, respectively. The inputs can 
be driven either single or double-ended and they are buff­
ered, providing 40/100 mVrms input sensitivity. The output 
provided is open-collector and is capable of interfacing with 
TTL and CMOS. 

separately or in conjunction with a phase-locked loop, and it 
can extend the useful range of many inexpensive frequency 
counters to 225 MHz. 

Features 

The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre­
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived 

a Input frequency: 130 MHz (-4, -3); 225 mHz (-2, std) 
a Low power: 10 mA (-4, -2); 7 mA (-3, std) 
a Input sensitivity: 100 mVrms (-4, -3); 40 mVrms (-2, std) 

Logic and Connection Diagrams 

+INPUT 

-INPUT 

+INPUT 

-INPUT 

DS8627 (7 24) 

DS8628 (7 20) 

Dual-In-Line Package 

+INPUT -INPUT 

Vee NC 

NC NC 

OUTPUT GNO 

TL/F/5009-3 

Top View 
Order Number DS8627N or DS8628N (-4, -3, -2) 

See NS Package Number N08E 
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Absolute Maximum Ratings (Note 1) 

5pecifications for Military I Aerospace products are not Open-Collector Output Voltage 7V 
contained in this datasheet. Refer to the associated Operating Free Air Temperature Range - 30°C to + 70°C 
reliability electrical test specifications document. 

5torage Temperature Range - 65°C to + 150°C 
Vee Supply Voltage 7V 

VIN Input Voltage < Vee 

Recommended Operating Conditions 
058627-4 058627-3 058627-2 058627 

5ymbol Parameter Conditions 058628-4 058628-3 058628-2 058628 Units 

Min Max Min Max Min Max Min Max 

Vee Supply Voltage 4.5 5.5 4.5 5.5 4.5 ,5.5 4.5 5.5 V 

fMAX Toggle Frequency VIN = 100 mVrms 20 130 20 130 20 225 20 225 MHz 

VIN Input Signal Amplitude 100 300 100 300 40 300 40 300 mVrms 

VSLW Slew Rate 20 20 20 20 V//-Ls 

IOL Low Level Output Current 3 3 3 mA 

DC Electrical Characteristics (Notes 2 and 3) 

058627-4 058627-3 058627-2 058627 
5ymbol Parameter Conditions 058628-4 058628-3 058628-2 058628 Units 

Min Max Min Max Min Max Min Max 

leEX Open-Collector High Level Output Output = 5.5V 100 100 100 100 /-LA 

VOL Low Level Output Voltage Vee = 4.5V, 
0.4 0.4 0.4 0.4 V 

IOL = 3 mA 

lee Supply Current Vee = 5.5V 10 7 10 7 mA 

AC Electrical Characteristics Vee = 5V ±10%, TA = - 30°C to + 70°C 

Symbol Parameter Conditions Min Max Units 

RIN AC Input Resistance VIN = 100 MHz and 50 mVrms 1.0 kn 

GIN Input Capacitance 3 10 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 are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified minImax limits apply across the - 30'C to + 70'C temperature range. 

Note 3: All currents into device pins are 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. 
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Application Hints 
OPERATING NOTES 

The signal source is usually capacitively coupled to the in­
put. At higher frequencies a 0.001 JLF input capacitor is usu­
ally sufficient, with larger values used at the lower frequen­
cies. If the input signal is likely to be interrupted, it may be 
desirable to connect a 100 kn resistor between one input 
and ground to stabilize the device. In the single-ended 
mode, it is preferable to connect the resistor to the unused 
input. In the differential mode, the resistor can be connected 
to either input. The addition of the 100 kn pull-down resistor 
causes a loss of input sensitivity, but prevents circuit oscilla-

Schematic Diagrams 

1 
+INPUT 

Vee 

Typical Application 

15k 

15k 

TL/F /5009-4 

tions under no signal (open circuit) conditions. In addition, in 
the single ended mode, a capacitor of 0.001 JLF should be 
connected between the unused input and the ground plane 
to provide a good high frequency bypass. The capacitor 
should be made larger for lower frequencies. 

The input waveform may be sinusoidal, but below about 20 
MHz the operation of the circuit becomes dependent on the 
slew rate of the input rather than amplitude. A square wave 
input with a slew rate of greater than 20 V / JLs will permit 
correct operation down to lower frequencies, provided the 
proper input coupling capacitor is provided. 

OUTPUT 

-~ 
TL/F/5009-5 

c3D 
0.001 p.F 

Cl 
O.OOlP.F T 

liN 

OS8627/ 
OS8628 

r-l0UT 

5V C2 ":" 
0.1 p.F 
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058629 120 MHz Divide-by-100 Prescaler 

General Description Features 
The OS8629 is a fixed ratio counter combining ECl and low 
Power Schottky technology on a single monolithic sub­
strate. This provides high frequency capability and TTL 
compatibility. A single 5.2V ± 10% supply is needed. 

c High Frequency, dc-120 MHz-smail input amplitude 
c Sine wave input 30 MHz < fiN < 120 MHz 
c TTL compatible output 
c May be used with TTL input 
c Single supply operation 5.2V ± 10% 
c Single ended or differential input modes 
c Positive or negative-edge triggered 

The device can be operated in a single-ended or differential 
input mode, with the signal source typically capacitively cou­
pled to the input. An input amplifier is included to allow use 
of extremely small amplitude, high frequency signals. The 
output of the device is a square wave of frequency fOUT = 

flN/100 for the OS8629. The output is standard low Power 
Schottky. 

c Count down sequence avoids broadcast FM IF harmonics 

Logic and Connection Diagrams 

N = 5 OS8629 

(TTL) VCC2 

OUTPUT 

(TTL) GNO 2 

GNO 1 
(ECl/BUFFER) 

Dual-In-Line Package 

vcel (ECL/BUFFER) 

INPUT 
(NEGATIVE·EDGE TRIGGERED) 

INPUT 
(POSITIVE·EOGE TRIGGERED) 

BIAS 

Order Number DSS629N 
See NS Package Number NOSE 

Typical Applications 

"rTERM is the termination impedance 

High Frequency-Single-Ended Input 

5.2V 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Specifications for Military/Aerospace products are not Min Max Units 
contained In this datasheet. Refer to the associated Supply Voltage (Vee) 4.68 5.72 V 
reliability electrical test specifications document. Temperature (T A) 0 +70 °C 
Supply Voltage 7V 

Input Voltage 5V 

Output Voltage 5.5V 

Storage Temperature Range - 65°C to + 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIN1(p-p) Input Voltage (Peak-To-Peak) Single-Ended @ 120 MHz 200 1000 mV 

VIN2(p-p) Input Voltage (Peak-To-Peak) Differential @ 120 MHz 100 1000 mV 

fSINE Input Frequency with Sine Wave VIN = 600 mVp-p 30 120 MHz 

fTTl Input Frequency with TTL Input 0 120 MHz 

dv Minimum Slew Rate of VIN = 600 mVp-p 
100 V/JLs 

Square Wave Input 

VOH Logical "1" Output Voltage Vee = Min, 10H = -10 JLA 2.9 V 
Vee = Min,lOH = -400 JLA 2.4 V 
Vee = Min, 10H = -1.6 mA 2.0 V 

los Output Short-Circuit Current Vee = Max -10 -40 mA 

VOL Logical "0" Output Voltage Vee = Min I 10l = 8 mA DS8629 0.5 V 

Icc Supply Current Vee = Max I DS8629 90 135 mA 

liN Input Impedance VIN = 0.1 Vp_p to 1 Vp_p 100 200 350 n 
Freq. = 120 MHz 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified, min/max limits apply across the O'C to 70'C range. All typical values are for TA = 25'C and Vee = 5.2V. 
Note 3: All currents into device pins shown as positive, out of device pins negative, all voltage referenced to ground unless otherwise noted. All values shown as 
max or min on absolute value basis. 
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Application Hints 
OPERATING NOTES 

Two ground and two Vee connections are provided separat­
ing the ECl and buffer/amplifier stages from the TTL sec­
tion, isolating the noise transients inherent in the TTL struc­
ture. In most cases, shorting the two grounds externally to a 
good ground plane and the Vee's to a wide Vee bus will 
provide sufficient isolation. All components used in the cir­
cuit layout should be suitable for the frequencies involved 
and leads should be kept short to minimize stray induc­
tance. A well by-passed voltage source should be used. 

The signal source is usually capacitively coupled to the in­
put. At higher frequencies a 0.01 J.LF input capacitor (C1) is 
usually sufficient, with larger values used at the lower fre­
quencies. If the input signal is likely to be interrupted, it may 
be desirable to connect a 100 k!1 resistor between one in­
put and ground to stabilize the device. In the single-ended 
mode, it is preferable to connect the resistor to the unused 
input. In the differential mode, the resistor can be connected 
to either input. The addition of the 100 k!1 pull-down resistor 
causes a loss of input sensitivity, but prevents circuit oscilla­
tions under no signal (open circuit) conditions. In addition, in 
the single ended mode, a capacitor of 0.01 J.LF (C2) should 

Input Configuration 

be connected between the unused input and the ground 
plane to provide a good high frequency bypass. The capaci­
tor should be made larger for lower frequencies. 

The input waveform may be sinusoidal, but below about 30 
MHz the operation of the circuit becomes dependent on the 
slew rate of the input rather than amplitude. A square wave 
input with a slew rate of greater than 100 V / J.Ls will permit 
correct operation down to lower frequencies, provided the 
proper input coupling capacitor is provided. If it is desired to 
use a TTL input signal source, the unused input should have 
a 10 k!1 resistor added to ground and the input coupling 
capacitor should be eliminated with the TTL source dc cou­
pled to the input. 

The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre­
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived sepa­
rately or in conjunction with a phase-locked loop, and it can 
extend the useful range of many inexpensive frequency 
counters to 160 MHz (typically). 

Output Configuration 

vee 

1-.. -'\N\I--4 .... --o BI AS 
PIN 5 

TL/F17539-4 

TL/F/7539-5 
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DS8906 AM/FM Digital Phase-Locked Loop Synthesizer 

General Description 
The OS8906 is a Pll synthesizer designed specifically for 
use in AM/FM radios. It contains the reference oscillator, a 
phase comparator, a charge pump, a 120 MHz ECLlI2l 
dual modulus programmable divider, and a 20-bit shift regis­
ter/latch for serial data entry. The device is designed to 
operate with a serial data controller generating the neces­
sary division codes for each frequency, and logic state infor­
mation for radio function inputs/outputs. 

The Colpitts reference oscillator for the Pll operates at 4 
MHz. A chain of dividers is used to generate a 500 kHz 
clock signal for the external controller. Additional dividers 
generate a 12.5 kHz reference signal for FM and a 500 Hz 
reference signal for AM/SW. One of these reference signals 
is selected by the data from the controller for use by the 
phase comparator. Additional dividers are used to generate 
a 50 Hz timing signal used by the controller for "time-of­
day". 

Data is transferred between the frequency synthesizer and 
the controller via a 3 wire bus system. This consists of a 
data input line, an enable line and a clock line. When the 
enable line is low, data can be shifted from the controller 
into the frequency synthesizer. When the enable line is tran­
sitioned from low to high, data entry is disabled and data 
present in the shift register is latched. 

From the controller 22-bit data stream, the first 2 bits ad­
dress the device permitting other devices to share the same 
bus. Of the remaining 20-bit data word, the next 14-bits are 
used for the Pll divide code. The remaining 6 bits are con­
nected via latches to output pins. These 6 bits can be used 
to drive radio functions such as gain, mute, FM, AM, lWand 
SW only. These outputs are open collector. Bit 18 is used 
internally to select the AM or FM local oscillator input and to 
select between the 500 Hz and 12.5 kHz reference. A high 
level at bit 18 indicates FM and a low level indicates AM. 

The Pll consists of a 14-bit programmable 12l divider, an 
ECl phase comparator, an ECl dual modulus (p/p + 1) 
prescaler, and a high speed charge pump. The programma­
ble divider divides by (N + 1), N being the number loaded 
into the shift register (bits 1-14 after address). It is clocked 
by the AM input via an ECl -:- 7/8 prescaler, or through a -:-
63/64 prescaler from the FM input. The AM input will work 
at frequencies up to 8 MHz, while the FM input works up to 
120 MHz. The AM band is tuned with a frequency resolution 
of 500 Hz and the FM band is tuned with a resolution of 12.5 
kHz. The buffered AM and FM inputs are self-biased and 
can be driven directly by the VCO thru a capacitor. The ECl 
phase comparator produces very accurate resolution of the 
phase difference between the input signal and the reference 
oscillator. 

The high speed charge pump consists of a switchable con­
stant current source (- 0.3 mA) and a switchable constant 
current sink (+ 0.3 mA). If the VCO frequency is low, the 
charge pump will source current, and sink current if the VCO 
frequency is high. 

A separate VCCM pin (typically drawing 1.5 mA) powers the 
oscillator and reference chain to provide controller clocking 
frequencies when the balance of the Pll is powered down. 

Features 
• Uses inexpensive 4 MHz reference crystal 
• F,N capability greater than 120 MHz allows direct syn­

thesis at FM frequencies 

• FM resolution of 12.5 kHz allows usage of 10.7 MHz 
ceramic filter distribution 

• Serial data entry for simplified control 

• 50 Hz output for "time-of-day" reference with separate 
low power supply (VCCM) 

• 6-open collector buffered outputs for band switching 
and other radio functions 

• Separate AM and FM inputs. AM input has 15 mV (typi­
cal) hysteresis 

Connection Diagram 
Dual-In-Line Package 

BIT 19 OUT 
r------,r--"""T---., 20 BIT 18 0 UT 

BIT 20 OUT 

OATA 

CLOCK 

AMIN 

CAP 8 
BYPASS 

FMIN 

GND 

DS8906 

Top View 

FM/AM 

BIT 16 OUT 

17 
BIT 15 OUT 

16 CHARGE PUMP 
OUTPUT 

15 50 Hz OUT 

14 
500 kHz OUT 

13 OSC B 

TL/F/5775-1 

Order Number DS8906N 
See NS Package Number N20A 
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Absolute Maximum Ratings (Note 1) 

Specifications for Military I Aerospace products are not Storage Temperature Range - 65°C to + 150°C 
contained in this datasheet. Refer to the associated Lead Temperature (Soldering, 4 seconds) 260°C 
reliability electrical test specifications document. 

Supply Voltage Operating Conditions 
(VCC1) 7V Min Max Units 
(VCCM) 7V Supply Voltage, VCC 

Input Voltage 7V VCC1 4.75 5.25 V 

Output Voltage 7V VCCM 4.5 6.0 V 

Temperature, T A 0 70 °C 

DC Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIH Logical "1" Input Voltage 2.1 V 

IIH Logical "1" Input Current VIN=VCC1 0 10 IlA 

VIL Logical "0" Input Voltage 0.7 V 

IlL Logical "0" Input Current Data, Clock and ENABLE INPUTS, VIN = OV -5 -25 IlA 

IOH Logical "1" Output Current 
50 IlA 

All Bit Outputs, 50 Hz Output VOH=5.25V 

500 kHz Output VOH=2.4V, VCCM=4.5V -250 IlA 

VOL Logical "0" Output Voltage 
0.5 V 

All Bit Outputs IOL =5 mA 

50 Hz Output, 500 kHz Output IOL =250 IlA -0.5 V 

ICC1 Supply Current (V CC1) All Bit Outputs High 90 160 mA 

ICCM(STANDBY) VCCM Supply Current VCCM=6.0V, All Other Pins Open 1.5 4.0 mA 

lOUT Charge Pump Output Current 1.2V :::;;VOUT:::;;VCCM -1.2V Pump Up -0.10 -0.30 -0.6 mA 
VCCM:::;;6.0V Pump Down 0.10 0.30 0.6 mA 

TRI-STATE® 0 ±100 nA 

ICCM(OPERATE) V CCM Supply Current VCCM=6.0V, VCC1 =5.25V, 
2.5 6.0 mA 

All Other Pins Open 

AC Electrical Characteristics VCC = 5V, TA = 25°C, tr:::;; 10 ns, tf:::;; 10 ns 

Symbol Parameter Conditions Min Typ Max Units 

VIN(MIN)(F) FIN Minimum Signal Input AM and FM Inputs, O°C :::;; T A :::;; 70°C 20 100 mV(rms) 

VIN(MAX)(F) FIN Maximum Signal Input AM and FM Inputs, O°C :::;; T A :::;; 70°C 1000 1500 mV(rms) 

FOPERATE Operating Frequency Range VIN = 100 mV rms AM 0.4 8 MHz 
(Sine Wave Input) O°C:::;; TA:::;; 70°C FM 60 120 MHz 

RIN (FM) AC Input Resistance, FM 120 MHz, VIN = 100 mV rms 300 n 
RIN(AM) AC Input Resistance, AM 2 MHz, VIN = 100 mV rms 1000 n 
CIN Input Capacitance, FM and AM VIN = 120 MHz 3 6 10 pF 

tEN1 Minimum ENABLE High 
625 1250 ns 

Pulse Width 

tENo Minimum ENABLE Low 
375 750 

Pulse Width 
ns 

tCLKENO Minimum Time before ENABLE 
Goes Low that CLOCK must -50 0 ns 
be Low 

tENoCLK Minimum Time after ENABLE 
Goes Low that CLOCK must 275 550 ns 
Remain Low 

tCLKEN1 Minimum Time before ENABLE 
Goes High that Last Positive 300 600 ns 
CLOCK Edge May Occur 
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AC Electrical Characteristics Vec = 5V, TA = 25°C, tr ~ 10 ns, tf ~ 10 ns (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

tEN1CLK Minimum Time After ENABLE 
Goes High Before an Unused 175 350 ns 
Positive CLOCK Edge May Occur 

ns tCLKH Minimum CLOCK High 
275 550 

Pulse Width 

ns tCLKL Minimum CLOCK Low 
400 800 

Pulse Width 

tos Minimum OAT A Setup Time, 
Minimum Time Before CLOCK 150 300 ns 
that OAT A Must be Valid 

tOH Minimum OAT A Hold Time, 
Minimum Time After CLOCK 400 800 ns 
that DATA Must Remain Valid 

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 actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the O'C to + 70'C temperature range for the DS8906. 

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. 

Schematic Diagrams (DS8906 AM/FM PLL TypicallnputlOutput Schematics) 
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Schematic Diagrams (DS8906 AM/FM PLL TypicallnputiOutput Schematics) (Continued) 
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'Timing diagrams are not drawn to scale. Scale within anyone drawing may not be consistent, and intervals are defined positive as drawn. 
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Applications Information 
SERIAL DATA ENTRY INTO THE DS8906 

Serial information entry into the DS8906 is enabled by a low 
level on the ENABLE input. One binary bit is then accepted 
from the DATA input with each positive transition of the 
CLOCK input. The CLOCK input must be low for the speci­
fied time preceding and following the negative transition of 
the ENABLE input. 

The first 2 bits accepted following the negative transition of 
the ENABLE input are interpreted as address. If these ad­
dress bits are not 1,1, no further information will be accept­
ed from the DATA inputs, and the internal data latches will 
not be changed when ENABLE returns high. 

If these first 2 bits are 1,1, then all succeeding bits are ac­
cepted as data, and are shifted successively into the inter­
nal shift register as long as ENABLE remains low. 

Any data bits preceding the 20th to last bit will be shifted 
out, and are thus irrelevant. Data bits are counted as any 
bits following 2 valid (1,1) address bits with the ENABLE 
low. 

When the ENABLE input returns high, any further serial data 
input is inhibited. Upon this positive transition of the 
ENABLE, the data in the internal shift register is transferred 
into the internal data latches. 

8-27 

Note that until this time, the states of the internal data latch­
es have remained unchanged. 

These data bits are interpreted as follows: 

DATA BIT POSITION DATA INTERPRETATION 
Last Bit 20 Output (Pin 2) 
2nd to Last Bit 19 Output (Pin 1) 

3rd to Last Bit 18 Output (FMI AM) (Pin 20) 
4th to Last Bit 17 Output (Pin 19) 
5th to Last Bit 16 Output (Pin 18) 

6th to Last Bit 15 Output (Pin 17) 
7th to Last MSBofN (213) 
8th to Last (212) 

9th to Last (211) 

10th to Last (210) 

11th to Last (29) 

12th to Last (28) 

13th to Last (27) 
+N 

14th to Last (26) 

15th to Last (25) 

16th to Last (24) 

17th to Last (23) 

18th to Last (22) 

19th to Last (21) 

20th to Last LSB of N (20) 
Note. The actual divide code is N + 1, Le., the number loaded plus 1. 
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Logic Diagram 
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OS8907 AM/FM Digital 
Phase-Locked Loop Frequency Synthesizer 
General Description 
The OS8907 is a PLL synthesizer designed specifically for 
use in AM/FM radios. It contains the reference oscillator, a 
phase comparator, a charge pump, a 120 MHz ECLlI2L 
dual modulus programmable divider, and an 18-bit shift reg­
ister/latch for serial data entry. The device is designed to 
operate with a serial data controller generating the neces­
sary division codes for each frequency, and logic state infor­
mation for radio function inputs/outputs. 

The Colpitts reference oscillator for the PlL operates at 
4 MHz. A chain of dividers is used to generate a 500 kHz 
clock signal for the external controller. Additional dividers 
generate a 25 kHz reference signal for FM and a 10kHz 
reference signal for AM. One of these reference signals is 
selected by the data from the controller for use by the 
phase comparator. 

Data is transferred between the frequency synthesizer and 
the controller via a 3 wire bus system. This consists of a 
data input line, an enable line, and a clock line. When the 
enable line is low, data can be shifted from the controller 
into the frequency synthesizer. When the enable line is tran­
sitioned from low to high, data entry is disabled and data 
present in the shift register is latched. 

From the controller 20-bit data stream, the first 2 bits ad­
dress the device permitting other devices to share the same 
bus. Of the remaining 18-bit data word, the next 13 bits are 
used for the PLL divide code. The remaining 5 bits are con­
nected via latches to output pins. These 5 bits can be used 
to drive radio functions such as gain, mute, FM, AM and 
stereo only. These outputs are open collector. Bit 16 is used 
internally to select the AM or FM local oscillator input and to 
select between the 10kHz and 25 kHz reference. A high 
level at bit 16 indicates FM and a low level indicates AM. 

The PLl consists of a 13-bit programmable 12L divider, an 
ECl phase comparator, an ECL dual modulus (p/p+ 1) pre­
scaler, and a high speed charge pump. The programma-

ble divider divides by (N + 1), N being the number loaded 
into the shift register (bits 1-13 after address). It is clocked 
by the AM input via an ECL -;- % prescaler, or through a 
-;- 60/64 prescaler from the FM input. The AM input will work 
at frequencies up to 15 MHz, while the FM input works up to 
120 MHz. The AM band is tuned with a frequency resolution 
of 10kHz and the FM band is tuned with a resolution of 
25 kHz. The buffered AM and FM inputs are self biased and 
can be driven directly by the VCO through a capacitor. The 
ECl phase comparator produces very accurate resolution 
of the phase difference between the input signal and the 
reference oscillator. The high speed charge pump consists 
of a switchable constant current source (-0.3 mAl and a 
switchable constant current sink ( + 0.3 mAl. If the VCO fre­
quency is low, the charge pump will source current, and sink 
current if the VCO frequency is high. When using an AFC 
the charge pump output may be forced into TRI-STATE® by 
applying a low level to the charge pump enable input. 

A separate VCCM pin (typically drawing 1.5 mAl powers the 
oscillator and reference chain to provide controller clocking 
frequencies when the balance of the PlL is powered down. 

Features 
• Uses inexpensive 4 MHz reference crystal 
• FIN capability greater than 120 MHz allows direct syn­

thesis at FM frequencies 
• FM resolution of 25 kHz allows usage of 10.7 MHz ce­

ramic filter distribution 
• Serial data entry for simplified control 
• 50 Hz output for "time-of-day" reference driven from 

separate low power VCCM 
• 5-open collector buffered outputs for controlling various 

radio functions 
• Separate AM and FM inputs. AM input has 15 mV (typi­

cal) hysteresis 

Connection Diagram Dual-In-Llne Package 
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BYP~~~....!. r!!-OSC B 

FMIN...!. ~OSCE 

GNO.!.!!. ~VCCM TLfF17511-1 

Top View 
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Absolute Maximum Ratings (Note 1) Storage Temperature Range - 65·C to + 150·C 
Specifications for Military I Aerospace products are not Lead Temperature (Soldering, 4 sec.) 260·C 
contained In this datasheet. Refer to the associated 
reliability electrical test specifications document. Operating Conditions 
Supply Voltage Min Max Units 

(VCC1) 7V Supply Voltage, VCC 
(VCCM) 7V VCC1 4.75 5.25 V 

Input Voltage 7V VCCM 4.5 6.0 V 

Output Voltage 7V Temperature, T A 0 70 ·C 

DC Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIH Logical "1" Input Voltage 2.1 V 

IIH Logical "1" Input Current VIN = 2.7V 0 10 J.l-A 

VIL Logical "0" Input Voltage 0.7 V 

IlL Logical "0" Input Current Data, Clock, and ENABLE Inputs, VIN = OV -5 -25 J.l-A 

IlL Logical "0" Input Current Charge Pump Enable, VIN = OV -250 -450 J.l-A 

IOH Logical "1" Output Current VOH = 5.25V 
50 J.l-A All Bit Outputs, 50 Hz Output 

500 kHz Output VOH = 2.4V, VCCM = 4.5V -250 J.l-A 

VOL Logical "0" Output Voltage IOL = 5 mA 0.5 V 
All Bit Outputs 

50 Hz Output, 500 Hz Output IOL = 250 J.l-A 0.5 V 

ICC1 Supply Current (VCC1) All Bits Outputs High 90 160 mA 

ICCM(STANDBY) VCCM Supply Current VCCM = 6.0V, All Other Pins Open 1.5 4.0 mA 

lOUT Charge Pump Ougtput Current 1.2V ~ VOUT ~ VCCM -1.2V Pump Up -0.10 -0.30 -0.6 mA 

VCCM ~ 6.0V Pump Down 0.10 0.30 0.6 mA 

TRI-STATE 0 ±100 nA 

ICCM(OPERATE) VCCM Supply Current VCCM = 6.0V, VCC1 = 5.25V, 2.5 6.0 
mA 

All Other Pins Open 

AC Electrical Characteristics VCC = 5V, TA = 25·C, tr ~ 10 ns, tf ~ 10 ns 

Symbol Parameter Conditions Min Typ Max Units 

VIN(MIN)(F) FIN Minimum Signal Input AM and FM Inputs, O·C ~ T A ~ 70·C 20 100 mV(rms) 

VIN(MAX)(F) FIN Maximum Signal Input AM and FM Inputs, O·C ~ T A ~ 70·C 1000 1500 mV(rms) 

FOPERATE Operating Frequency Range VIN = 100 mVrms I AM 0.4 8 MHz 
(Sine Wave Input) O·C ~ TA ~ 70·C I FM 60 120 MHz 

RIN(FM) AC Input Resistance, FM 120 MHz, VIN = 100 mV rms 300 n 
RIN(AM) AC Input Resistance, AM 2 MHz, VIN = 100 mV rms 1000 n 
CIN Input Capacitance, FM and AM VIN = 120 MHz 3 6 10 pF 

lEN 1 Minimum ENABLE High 
625 1250 ns 

Pulse Width 

lENo Minimum ENABLE Low 
375 750 ns 

Pulse Width 

tCLKENO Minimum Time Before ENABLE 
Goes Low That CLOCK Must -50 0 ns 
Be Low 

lENoCLK Minimum Time After ENABLE 
Goes Low That CLOCK Must 275 550 ns 
Remain Low 

tCLKEN1 Minimum Time Before ENABLE 
Goes High That Last Positive 300 600 ns 
CLOCK Edge May Occur 
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AC Electrical Characteristics Vcc = 5V, TA = 25°C, tr ~ 10 ns, tf ~ 10 ns (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

tEN1CLK Minimum Time After ENABLE 
Goes High Before an Unused 175 350 ns 
Positive CLOCK Edge May Occur 

tCLKH Minimum CLOCK High 
275 550 ns 

Pulse Width 

tCLKL Minimum CLOCK Low 
400 800 

Pulse Width 
ns 

tos Minimum DATA Setup Time, 
Minimum Time before CLOCK 150 300 ns 
That DATA Must Be Valid 

tOH Minimum DATA Hold Time, 
Minimum Time after CLOCK 400 800 ns 
That DATA Must Remain Valid 

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 actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the -40°C to + 85°C temperature range for the 088907. 

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. 

Schematic Diagrams (058907 AM/FM PLL typicallnputlOutput Schematics) 
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Timing Diagrams* 
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"Timing diagrams are not drawn to scale. Scale within anyone drawing may not be consistent, and intervals are defined positive as drawn. 

SERIAL DATA ENTRY INTO THE DS8907 

Serial information entry into the OS8907 is enabled by a low 
level on the ENABLE input. One binary bit is then accepted 
from the DATA input with each positive transition of the 
CLOCK input. The CLOCK input must be low for the speci· 
fied time preceding and following the negative transition of 
the ENABLE input. 

The first two bits accepted following the negative transition 
of the ENABLE input are interpreted as address. If these 
address bits are not 1,1 no further information will be ac­
cepted from the DATA inputs, and the internal data latches 
will not be changed when ENABLE returns high. 

If these first two bits are 1,1, then all succeeding bits are 
accepted as data, and are shifted successively into the in­
ternal shift register as long as ENABLE remains low. 

Any data bits preceding the 18th to last bit will be shifted 
out, and thus are irrelevant. Data bits are counted as any 
bits following two valid address bits (1,1) with the ENABLE 
low. When the ENABLE input returns high, any further serial 
data entry is inhibited. Upon this positive transition, the data 
in the internal shift register is transferred into the internal 
data latches. Note that until this time, the states of the inter­
nal data latches have remained unchanged. 
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These data bits are interpreted as follows: 
Data Bit Position 
Last 
2nd to Last 
3rd to Last 
4th to Last 
5th to Last 
6th to Last 
7th to Last 
8th to Last 
9th to Last 
10th to Last 
11th to Last 
12th to Last 
13th to Last 
14th to Last 
15th to Last 
16th to Last 
17th to Last 
18th to Last 

Data Interpretation 
Bit 18 Output (Pin 2) 
Bit 17 Output (Pin 1) 
Bit 16 Output (FMI AM) (Pin 20) 
Bit 15 Output (Pin 19) 
Bit 14 Output (Pin 18) 
MSB of -+- N (212) 

(211) 
(210) 

(29) 

(28) 

(27) 

(26) -+-N 
(25) 
(24) 

(23) 
(22) 
(21) 

LSB of -+- N (20) 
Note: The actual divide code is N + 1, i.e., the number loaded plus 1. 
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Logic Diagram 
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DSS90S AM/FM Digital Phase-Locked 
Loop Frequency Synthesizer 

General Description 
The DS8908 is a Pll synthesizer designed specifically for 
use in AM/FM radios. It contains the reference oscillator, a 
phase comparator, a charge pump, an operational amplifier, 
a 120 MHz ECl/12l dual modulus programmable divider, 
and a 19-bit shift register/latch for serial data entry. The 
device is designed to operate with a serial data controller 
generating the necesary division codes for each frequency, 
and logic state information for radio function inputs/outputs. 

A 3.96 MHz pierce oscillator and divider chain generate a 
1.98 MHz external controller clock, a 20 kHz, 10kHz, 9 kHz, 
and a 1 kHz reference signals, and a 50 Hz time-of-day 
signal. The oscillator and divider chain are sourced by the 
VCCM pin thus providing a low power controller clock drive 
and time-of-day indication when the balance of the Pll is 
powered down. 

The 21-bit serial data steram is transferred between the fre­
quency synthesizer and the controller via a 3-wire bus sys­
tem comprised of a data line, a clock line, and an enable 
line. 

The first 2 bits in the serial data stream address the synthe­
sizer thus permitting other devices such as display drivers to 
share the same bus. The next 14 bits are used for the 
Pll(N + 1) divide code. The 15th bit is used internally to 
select the AM or FM local oscillator input. A high level on 
this bit enables the FM input and a low level enables the AM 
input. The 16th and 17th bits are used to select one of the 4 
reference frequencies. The 18th and 19th bits are connect­
ed via latches to open collector outputs. These outputs can 
be used to drive radio functions such as gain, mute, AM, 
FM, or charge pump current source levels. 

The Pll consists of a 14-bit programmable 12 l divider, an 
ECl phase comparator, an ECl dual modulus (p/p + 1) pre­
scaler, a high speed charge pump, and an operational am­
plifier. The programmable divider divides by (N + 1), N being 
the number loaded into the shift register. The programmable 
divider is clocked through a -;- % prescaler by the AM input 
or through a -;- 63/64 prescaler by the FM input. The AM input 
will work at frequencies up to 15 MHz, while the FM input 
works up to 120 MHz. The VCO can be tuned with a fre­
quency resolution of either 1 kHz, 9 kHz, 10kHz, or 20 kHz. 
The buffered AM and FM inputs are self-biased and can be 
driven directly by the VCO through a capacitor. The ECl 
phase comparator produces very accurate resolution of the 
phase difference between the input signal and the reference 
oscillator. The high speed charge pump consists of a 
switchable constant current source and sink. The charge 
pump can be programmed to deliver from 75 ,..,A to 750 ,..,A 
of constant current by connection of an external resistor 
from pin RpROGRAM to ground or the open collector bit out­
puts. Connection of programming resistors to the bit outputs 
enables the controller to adjust the loop gain for the particu­
lar reference frequency selected. The charge pump will 
source current if the VCO frequency is high and sink 

current if the VCO frequency is low. The low noise opera­
tional amplifier provided has a high impedance JFET input 
and a large output voltage range. The op amp's negative 
input is common with the charge pump output and its posi­
tive input is internally biased. 

Features 
• Uses inexpensive 3.96 MHz reference crystal 
• FIN capability greater than 120 MHz allows direct syn­

thesis at FM frequencies 
• FM resolution of either 10kHz or 20 kHz allows usage 

of 10.7 MHz ceramic filter distribution 
• Serial data entry for simplified control 
• 50 Hz output for time-of-day reference driven from sep­

arate low power VCCM 
• 2 open collector buffered outputs for controlling various 

radio functions or loop gain 
• Separate AM and FM inputs; AM input has 15 mV (typi­

cal) hysteresis 
• Programmable charge pump current sources enable ad­

justment of system loop gain 
• Operational amplifier provides high impedance load to 

charge pump output and a wide voltage range for the 
VCO input 

Connection Diagram 

BIT 18 OUT 

BIT 19 OUT 

DATA 

CLOCK 

VCCl 

AMIN 

CAP 8 
BYPASS 

FM IN 

GND 

Dual-In-Line Package 

DS8908 

Top View 

20 VCC2 

19 OP AMP 
GROUND 

18 OP AMP 
OUT 

17 CHARGE PUMP 
OUT 

50 Hz 

1.98 MHz 

VCCM 

TL/F/5111-1 

Order Number DSagOaN 
See NS Package Number N20A 
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Absolute Maximum Ratings (Note 1) 

Specifications for Military/Aerospace products are not Storage Temperature Range - 65°C to + 150°C 
contained In this datasheet. Refer to the associated Lead Temperature (Soldering, 4 seconds) 260°C 
reliability electrical test specifications document. 

Supply Voltage Operating Conditions 
(VCC1) (VCCM) 7V Min Max Units 
(VCC2) 17V 

VCC1 4.5 5.5 V 
Input Voltage 7V VCC2 VCC1 + 1.5 15.0 V 
Output Voltage 7V VCCM 3.5 5.5 V 

Temperature, T A -40 +85 °C 

DC Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions Min Typ Max Units 

VIH Logical "1" Input Voltage 2.0 V 

IIH Logical "1" Input Current VIN = 2.7V 0 10 /-LA 

VIL Logical "0" Input Voltage 0.8 V 

IlL Logical "0" Input Current Data, Clock, and ENABLE Inputs, VIN = OV -5 -25 /-LA 

IOH Logical "1 " Output Current 
VOH = 5.5V 50 /-LA All Bit Outputs, 50 Hz Output 

1.98 MHz Output VOH = 2.4V, VCCM = 4.5V -250 /-LA 

VOL Logical "0" Output Voltage 
IOL = 5 rnA 0.5 V 

All Bit Outputs 

50 Hz Output, 1.98 MHz Output IOL = 250/-LA 0.5 V 

1.98 MHz Output IOL = 20 /-LA, TA > 70°C 0.3 V 
IOL = 20 /-LA, TA::S:: 70°C 0.4 V 

ICC1 Supply Current (VCC1) All Bit Outputs High 160 rnA 

ICCM VCCM Supply Current VCCM = 5.5V, All Other Pins Open 2.5 4.0 rnA 

lOUT Charge Pump Ougtput Current 3.33k ::s:: RpROG ::s:: 33.3k Pump Up -20 IpROG +20 % 
lOUT Measured between 
Pin 17 and Pin 18 

Pump Down -20 IpROG +20 % 

IpROG = VCC1 /2 RpROG TRI-STATE® 0 11 nA 

ICC2 VCC2 Supply Current VCCM = 5V, VCC1 = 5.5V, VCC2 = 15V 6.7 11 
rnA 

All Other Pins Open 

OPVOH Op Amp Minimum High Level VCC1 = 4.5V, IOH = -750/-LA VCC2 -0.4 V 

OPVOL Op Amp Maximum Low Level VCC1 = 5.5V, IOL = 750/-LA 0.6 V 

CPOs lAS Charge Pump Bias Voltage CPO Shorted to Op Amp Output 
Delta CPO = TRI-STATE 100 mV 

Op Amp IOL: 750 /-LA vs - 750 /-LA 

AC Electrical Characteristics VCC = 5V, TA = 25°C, tr::s:: 10 ns, tf::S:: 10 ns 

Symbol Parameter Conditions Min Typ Max Units 

VIN(MIN)(F) FIN Minimum Signal Input AM and FM Inputs, -40°C ::s:: T A ::s:: 85°C 20 100 mV(rms) 

VIN(MAX)(F) FIN Maximum Signal Input AM and FM Inputs, -40°C ::s:: T A ::s:: 85°C 1000 1500 mV(rms) 

FOPERATE Operating Frequency Range VIN = 100 mV rms I AM 0.5 15 MHz 
(Sine Wave Input) -40°C ::s:: TA ::s:: 85°C I FM 80 120 MHz 

RIN(FM) AC Input Resistance, FM 120 MHz, VIN = 100 mV rms 600 n 
RIN(AM) AC Input Resistance, AM 15 MHz, VIN = 100 mV rms 1000 n 
CIN Input Capacitance, FM and AM VIN = 120 MHz (FM), 15 MHz (AM) 3 6 10 pF 

tEN1 Minimum ENABLE High 
625 1250 ns 

Pulse Width 
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AC Electrical Characteristics VCC = 5V, TA = 25°C, tr ~ 10 ns, tf ~ 10 ns (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

tENo Minimum ENABLE Low 
375 750 

Pulse Width 
ns 

tCLKENO Minimum Time before ENABLE 
Goes Low That CLOCK Must -50 a ns 
BeLow 

tENOCLK Minimum Time after ENABLE 
Goes Low That CLOCK Must 275 550 ns 
Remain Low 

tCLKEN1 Minimum Time before ENABLE 
Goes High That Last Positive 300 600 ns 
CLOCK Edge May Occur 

tEN1CLK Minimum Time after ENABLE 
Goes High before an Unused 175 350 ns 
Positive CLOCK Edge May Occur 

tCLKH Minimum CLOCK High 
275 550 ns 

Pulse Width 

tCLKL Minimum CLOCK Low 
400 800 

Pulse Width 
ns 

tDS Minimum DATA Set-Up Time, 
Minimum Time before CLOCK 150 300 ns 
That DATA Must Be Valid 

tDH Minimum OAT A Hold Time, 
Minimum Time after CLOCK 400 800 ns 
That DATA Must Remain Valid 

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 actual device 
operation. 
Note 2: Unless otherwise specified min/max limits apply across the -40'C to + 85'C temperature range for the DS8908. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltage referenced to ground unless otherwise noted. All values shown as 
max or min on absolute value basis. 

Schematic Diagrams (DS8908 AM/FM PLL TypicallnputlOutput Schematics) 
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~ -=-
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Schematic Diagrams (Continued) 
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~ Schematic Diagrams (Continued) 
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Timing Diagrams* 
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Timing Diagrams* 

AM/FM Frequency Synthesizer (Scan Mode) 

ENABLE---'~ ________________________ ~(~, __________________ ~r--

DATAIN~ ~ B\'""' ___ ~t~ U \L 
CLOCK ----' 

CLOCK PULSE 

"--t--' 
PLL ADDRESS 

1,1 

t 
NEGATIVE TRANSITION ON 
ENABLE CLEARS PREVIOUS 
AODRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 

• • 14 15 

DATA BITS 
BITS 1-14. -oN CODE (LSB FIRST) 

BIT 15. AM/FM SELECT BIT 

• 16 • • • 17 18 19 

BITS 16-17, REFERENCE FREQUENCY SELECT BITS t 
BITS 18-19. OUTPUT BITS 

POSITIVE TRANSITION ON 
ENABLE LATCHES IN NEW 
CODE IF PLL IS ADDRESSED. 

'Timing diagrams are not drawn to scale. Scale within anyone drawing may not be consistent, and intervals are defined positive as drawn. 

SERIAL DATA ENTRY INTO THE DS8908 These data bits are interpreted as follows: 

TLIF/5111-12 

Serial information entry into the DS8908 is enabled by a low 
level on the ENABLE input. One binary bit is then accepted 
from the DATA input with each positive transition of the 
CLOCK input. The CLOCK input must be low for the speci­
fied time preceding and following the negative transition of 
the ENABLE input. 

Data Bit Position Data Interpretation 

The first two bits accepted following the negative transition 
of the ENABLE input are interpreted as address. If these 
address bits are not 1,1 no further information will be ac­
cepted fromt he DATA inputs, and the internal data latches 
will not be changed when ENABLE returns high. 

If these first two bits are 1,1, then all succeeding bits are 
accepted as data, and are shifted successively into the in­
ternal shift register as long as ENABLE remains low. 

Any data bits preceding the 19th to last bit will be shifted 
out, and thus are irrelevant. Data bits are counted as any 
bits following two valid address bits (1,1) with the ENABLE 
low. When the ENABLE input returns high, any further serial 
data entry is inhibited. Upon this positive transition, the data 
in the internal shift register is transferred into the internal 
data latches. Note that until this time, the states of the inter­
nal data latches have remained unchanged. 

Truth Table 

Last Bit 19 Output (Pin 2) 
2nd to Last Bit 18 Output (Pin 1) 
3rd to Last Ref. Freq. Select Bit(l) 17 
4th to Last Ref. Freq. Select Bit(1)16 
5th to Last AM/FM Select Bit 15 
6th to Last (213) 
7th to Last (212) 
8th to Last (211) 
9th to Last (210) 
10th to Last (29) 

11 th to Last (28) 

12th to Last (27) 
13th to Last (26) 
14th to Last (25) 

15th to Last (24) 
16th to Last (23) 
17th to Last (22) 
18th to Last (21) 
19th to Last LSB of -:- N(20) 
Note 1: See Reference Frequency Select Truth Table. 

Note 2: The actual divide code is N + 1, ie., the number loaded plus 1. 

Reference Frequency Selection Truth Table 

Serial Data 
Reference 
Frequency 

Bit 16 Bit 17 (kHz) 

1 1 20 
1 0 10 
0 1 9 
0 0 1 
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~ Typical Application Additional application notes are located at the back of section 11. 
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0) 

PRELIMINARY 

~ OS8911/0S8912 AM/FM/TV Sound 
Up-Conversion Frequency Synthesizers 

General Description 
The 088911 and 088912 are digital Phase-Locked Loop 
(PLL) frequency synthesizers intended for use as Local Os­
cillators (LO) in electronically tuned radios. The devices are 
used in conjunction with a serial data controller, a loop filter, 
some varactor diodes and several passive elements to pro­
vide the local oscillator function for both AM and FM tuning. 

The conventional superheterodyne AM receiver utilizes a 
low IF or down conversion tuning approach whereby the IF 
is chosen to be below the frequencies to be received. The 
088911 and 088912 PLL's on the other hand, utilize an up­
conversion technique in the AM mode whereby the first IF 
frequency is chosen to be well above the RF frequency 
range to be tuned. This approach eliminates the need for 
tuned circuits in the AM frontend since the image, half IF, 
and other spurious responses occur far beyond the range of 
frequencies to be tuned. 8ufficient selectivity and second IF 
image protection is provided by a crystal filter at the output 
of the first mixer. 

A significant cost savings can be realized utilizing this up­
conversion approach to tuning. Removal of the AM tuned 
circuits eliminates the cost of expensive matched varactor 
diodes and reduces the amount of labor required for align­
ment down from 6 adjustments to 2. Additional cost savings 
are realized because up-conversion enables both the AM 
and FM bands to be tuned using a single Voltage Controlled 
Oscillator (VCO) operating between 98 and 120 MHz. (The 
2 to 1 LO tuning range found in conventional AM down con­
version radios is reduced to a 10% tuning range; 9.94 MHz 
to 11.02 MHz). 

Up-conversion AM tuning is accomplished by first dividing 
the VCO signal down by a modulus 10 (088911) or 20 
(088912) to obtain the LO signal. This LO in turn is mixed 
on chip with the RF signal to obtain a first IF at the MIXER 
output pins. This first IF after crystal filtering is mixed (exter­
nally) with a reference frequency provided by the PLL to 
obtain a 450 kHz second IF frequency. The 088911 derives 
the 450 kHz second IF by mixing an 11.55 MHz first IF with 
a 12.00 MHz reference frequency. The 088912 derives 

the 450 kHz second IF by mixing a 4.45 MHz first IF with a 
4.00 MHz reference frequency. 

FM and WB (weather band) tuning is done using the con­
ventional down conversion approach. Here the VCO signal 
is buffered to produce the LO signal and then mixed on chip 
with the RF signal to obtain an IF frequency at the MIXER 
output pins. This IF frequency is typically chosen to be 10.7 
MHz although placement at 11.50 MHz can further enhance 
AM mode performance and minimize IF circuitry. 

The 088911 was designed to utilize an 11.55 MHz crystal 
filter because of its superior phase noise and temperature 
drift characteristics. The 088912 on the other hand was 
designed to utilize a 4.45 MHz ceramic filter for cost savings 
in applications not requiring high performance. 

Both PLLs provide phase comparator reference frequencies 
of 10, 12.5, 25, and 100 kHz. The tuning resolutions result­
ing from these reference frequencies are determined by di­
viding the reference by the premix modulus. Table II shows 
the tuning resolutions possible. 

The 088911 and 088912 contain the following logic ele­
ments: a voltage controlled oscillator, a reference oscillator, 
a 14-bit programmable dual-modulus counter, a reference 
frequency divider chain, a premix divider, a mixer, a phase 
comparator, a charge pump, an operational amplifier, and 
control circuitry for latched serial data entry. 

Features 
• Oirect synthesis of LW, MW, 8W, FM, and WB 

frequencies 
• 8erial data entry for simplified processor control 
• 10, 12.5, 25, and 100 kHz reference frequencies 
• 8 possible tuning resolutions (see Table II) 
• An op amp with high impedance inputs for loop filtering 
• Programmable mixer with high dynamic range 
• Fast-lock feature for Automatic Road Information (ARI) 

systems 
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Connection Diagrams 
SO and Plastic Chip Carrier 

Dual-In-Line Packages 
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Top View Top View 

Order Number DS8911M, DS8911N, DS8911V, DS8912M, DS8912N or DS8912V 
See NS Package Number M24B, N24C or V28A 

Note: Device pins marked with an asterisk (0) are not guaranteed to meet the NSC standard requirement for Electrostatic Discharge (ESD) protection of 2000 volts. 
The functional requirements of the application prohibit the additional resistive or capacitive components required for ESD protection on these pins. 

Pin Descriptions 
VCC1: The VCC1 pin provides a 5V supply source for all 
circuitry except the reference divider chain, op amp and mix­
er sections of the die. 

VCC2: The VCC2 pin provides a 12V supply source for the 
Op amp. 

VCCL: The VCCL pin provides an isolated 5V supply source 
for the premix divider and mixer functions. 

VCCM: The VCCM pin provides a 5V supply source for the 
reference oscillator and divider chain down through the 50 
Hz output, thus enabling low standby current for time-of-day 
clock applications. 

GND1, GND2, GNDL and GNDM: Provide isolated circuit 
ground for the various sections of the device. 

DATA and CLOCK: The DATA and CLOCK inputs are for 
serial data entry from a controller. They are CMOS inputs 
with TTL logic thresholds. The 24-bit data stream is loaded 
into the PLL on the positive transition of the CLOCK. The 
first 14 bits of the data stream select PLL divide code in 
binary form MSB first. The 15th through 24th bits select the 
premix modulus, the reference frequency, the loop re­
sponse mode, the bit output status, and the test/operate 
modes as shown in Tables I through V. 

ENABLE: The ENABLE input is a CMOS input with a TTL 
logic threshold. The ENABLE input enables data when at a 
logic "one" and latches data on the transition to a logic 
"zero". 

BIT Outputs: The open-collector BIT outputs provide either 
the status of shift register bits 22, 23, and 24 or enable 
access to key internal circuit test nodes. The mode for the 
bit outputs is controlled by shift register bits 20 and 21. In 
operation, the bit outputs are intended to drive radio func­
tions such as gain, mute, and AM/FM status. These outputs 
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can also be used to program the loop gain by connection of 
an external resistor to IPROG. Bit 24 output can also be 
used as a 300 millisecond timer under control of shift regis­
ter bit 19. During service testing, these pins can be used for 
the purpose of either monitoring or driving internal logic 
points as indicated in the TEST MODES description under 
Table V. 

VCOb and VCOe: The Voltage Controlled Oscillator inputs 
drive the 14-bit programmable counter and the premix divid­
er. These inputs are the base and emitter leads of a transis­
tor which require connection of a coil, varactor, and several 
capacitors to function as a Colpitts oscillator. The VCO is 
designed to operate up to 225 MHz. The VCO's minimum 
operating frequency may be limited by the choice of refer­
ence frequency and the 961 minimum modulus constraint of 
the 31/32 dual modulus counter. 

RF + and RF -: The Radio Frequency inputs are fed differ­
entially into the mixer. 

IMXR: The bias current for the mixer is programmed by con­
nection of external resistors. 

MIXER and MIXER: The MIXER outputs are the collectors 
of the double balanced pair mixer transistors. They are in­
tended to operate at voltages greater than VCC1. 

OSCb and OSCc: The Reference Oscillator inputs are part 
of an on-chip Pierce oscillator designed to work in conjunc­
tion with 2 capacitors and a crystal resonator. The DS8911 
requires a 12 MHz crystal, while the DS8912 requires a 4 
MHz crystal. 

The OSC input signal is mixed externally with the 1 st AM IF 
output to obtain a 450 kHz 2nd IF frequency in the AM 
mode. 

2 MHz: The 2 MHz output is provided to drive a controller's 
clock input. 
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Pin Descriptions (Continued) 

50 Hz: The 50 Hz output is provided as a time reference for 
radios with time-of-day clocks . 

IPROG: The IPROG pin enables the charge pump to be 
programmed from .5 mA to 1.5 mA by connection of an 
extenal resistor to ground. 

CPO: The Charge Pump Output circuit sources current if the 
VCO frequency is high and sinks current if the VCO frequen­
cy is low. The CPO is wired directly to the negative input of 
the loop filter op amp. 

OP AMP: The OP AMP output is provided for loop filtering. 
The op amp has high impedance PMOS gate inputs and is 
wired as a transconductance amplifier/filter. The op amp's 
positive input is internally referenced while it's negative in­
put is common with the CPO output. 

Reference Tables OS8911 (OS8912) 

TABLE I 

Bit 15 Premix Modulus 

0 +1 

1 +10 (+20) 

TABLE II 

Bit Reference Tuning Resolution 

16 17 Frequency + 1 Premix + 10 (+ 20) Premix 

0 0 10 kHz 10 kHz 1 (.5) kHz 

0 1 12.5 kHz 12.5 kHz 1.25 (.625) kHz 

1 0 25 kHz 25 kHz 2.5 (1.25) kHz 

1 1 100 kHz 100 kHz 10 (5) kHz 

TABLE III 

Bit 18 Loop Response 

0 Normal Lock 

1 Fast Lock 

FAST LOCK OPERATION 

The fast lock mode provides a means of moving from one 
frequency selection to another frequency selection any­
where on the band in a very short time frame. This is ac­
complished by setting a bit in the microprocessor serial data 
stream when loading a new frequency. When fast lock is 
activated the charge pump output (CPO) is latched into the 
pump up or down state, which drives the CPO at the maxi­
mum rate to correct the VCO frequency. The PLL mean­
while operates in a frequency lock mode, constantly com­
paring the frequencies and reducing any phase discrepan­
cies. When the VCO passes beyond the desired lock fre­
quency the CPO unlatches and reverts back to the phase 
lock mode of operation. The frequency lock mode of opera­
tion (during CPO latch up) ensures that the phases are al­
ways close and will quickly settle into phase lock once the 
CPO unlatches. 
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TABLE IV 

Bit 19 Timer 

0 Bit 24 Status 

1 Bit 24 for 300 ms 

TIMER OPERATION 

The timer function is provided for use as a retriggerable 
"one shot" to enable muting for approximately 300 millisec­
onds after station changes. The timer is enabled at bit 24's 
output if the normal operating mode is selected (shift regis­
ter bits 20 and 21 = "LOW") and shift register bit 19 data is 
latched as a "HI". The timer's output state will invert imme­
diately upon latching bit 19 "HI" and remain inverted for 
approximately 300 milliseconds. If the user readdresses the 
device with bit 19 data "LOW" before the timer finishes its 
cycle the timer's BIT 24 output will finish out the 300 ms 
pulse. Readdressing the device with bit 19 "HI" before the 
timer finishes its cycle will extend the BIT 24 output pulse 
width by 300 ms. Addressing should be performed immedi­
ately after the 50 Hz output transitions "HI". BIT 24's output 
state is not guaranteed during the first 300 ms after VCC1 
power up as a result of a timer reset in progress. 

TABLE V 

Bit FUNCTION OF 

20 21 PINS 3, 4, &5 

0 0 Status of Bits 22-24 

0 1 Test mode 1 

1 0 Test mode 2 

1 1 Test mode 3 

TEST MODE OPERATION 

Test Mode 1: Enables the BIT output pins to edge trigger 
the phase comparator inputs and monitor an internal lock 
detector. BIT 22 negative edge triggers the reference divid­
er input of the phase comparator if the reference divider 
state is low. BIT 23 provides the open collector ORing of the 
phase comparator's pump up and down outputs. BIT 24 
negative edge triggers the N counter input of the phase 
comparator if the N counter state is preconditioned low. 

Test Mode 2: Enables the BIT outputs to clock the pro­
grammable N counter, monitor its output, and force either its 
load or count condition. BIT 22 provides the N counter out­
put which negative edge triggers the phase comparator and 
which appears low one N counter clock pulse before it re­
loads. BIT 23 positive edge triggers the N counter's clock 
input if the prescaler's output is preconditioned HI. BIT 24 
clears the N counter output so that loading will occur on the 
next N counter clock edge. 

Test Mode 3: Enables the BIT outputs to clock the 50 Hz 
and 10kHz reference dividers, monitor the reference divider 
input to the phase comparator, and reset the fast lock latch. 
BIT 22 positive edge clocks the 10kHz reference divider 
chain if the 10kHz output is preconditioned HI. BIT 22 also 
positive edge clears the fast lock latch condition. Bit 23 pos­
itive edge clocks the 50 Hz divider chain. BIT 24 is the refer­
ence divider negative edge trigger input to the phase com­
parator. 



Absolute Maximum Ratings (Note 1) 

Specifications for Military/Aerospace products are not Storage Temperature Range - 65°C to + 150°C 
contained in this datasheet. Refer to the associated Lead Temp. (Soldering, 10 seconds) 300°C 
reliability electrical test specifications document. 

Supply Voltage Operating Conditions 
VCCM 7V Min Max Units 
VCC1 7V 

VCCM 3.5 5.5 V 
VCC2 15V 

VCC1 4.5 5.5 V 
Input Voltage 7V 

VCC2 7.0 12.0 V 
Output Voltage Temperature, T A -40 +85 °C 

Logic 7V 
Op Amp and Mixer Outputs 15V 

DC Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Test Conditions Min Typ Max Units 

VIH Logic "1" Input Voltage 2.0 V 

Vil Logic "0" Input Voltage 0.8 V 

IIH Logic "1" Input Current VIN = 5.5V 10 J-tA 

III Logic "0" Input Current Data, Clock and Enable Inputs, VIN = OV -10 J-tA 

VOH Logic "1" 2 MHz IOH = -20 J-tA VCCM-0.3 V 
Output Voltage 

IOH = -400 J-tA VCCM-2 V 

OpAmp IOH = -1.5 mA VCC2-1.5 V 

VOL Logic "0" 2MHz IOl = 20 J-tA 0.3 V 
Output Voltage 

IOL = 400 J-tA 0.4 V 

50 Hz IOL = 250 J-tA 0.3 V 

Bit Outputs IOl = 1 mA 0.3 V 

OpAmp IOl = 1.5 mA 1.5 V 

VSIAS Op Amp Input V/:,. Op Amp 1/0 Shorted, VCC1 = 5.5V, VCC2 = 12V, 150 mV 
CPO = TRI-STATE®, Op Amp IOH vs. IOL Applied 

ICEX High Level Bit Outputs VCC1 = 4.5V, Vo = 8.8V 100 J-tA 
Output Current 

50 Hz VCCM = 3.5V, Vo = 5.5V 10 J-tA 

Mixers VCCL = VCC1 = 4.5V, Vo = 8.8V 100 J-tA 

IcPO Charge Pump Program 0.5 mA < IcPO < 1.5 mA Pump-up -20 21pAOG +20 % 
Current 21PROG = VCC1/RpROG, Pump-down -20 21PAOG +20 % Measured IpAOG to CPO 

TRI-STATE 0 100 nA 

ICCM VCCM Supply Current VCCM = 5.5V 0.5 1.0 mA 

ICC1 + VCC1 + VCCl VCC = 5.5V, Bits Hi, IMXA and IpROG Open 25 35 mA 
ICCl Supply Current 

ICC2 VCC2 Supply Current VCC2 = 12V 1.5 2.5 mA 

RIN Mixer Input Impedance IMXA = 2.5 mA TBD n 
IMXA = 7.5 mA TBD n 

ROUT Mixer Output Impedance IMXA = 2.5 mA TBD n 
IMXA = 7.5 mA TBD n 

gm Mixer Transconductance IMXR = 2.5 mA TBD mhos 
IMXR = 7.5 mA TBD mhos 

NF Noise Figure IMXR = 2.5 mA, Rs = 50n TBD dB 
IMXR = 7.5 mA, Rs = 10n TBD dB 

XMOD Cross Modulation IMXR = 2.5 mA TBD mVRms 
IMXA = 7.5 mA TBD mVRms 

IMXA Mixer Current VCC1 = 5.5V 1 7.5 mA 

VCOMAX VCOMAX frequency 225 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 device should be operated at these limits. 

Note 2: Unless otherwise specified. minImax limits apply across the -40'C to + 85'C temperature range for 088911 and 088912. 
Note 3: All currents into device pins are shown as positive. out of device pins as negative, all voltage referenced to ground unless otherwise noted. All values 
shown as maximum or minimum on absolute value basis. 
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AC Electrical Characteristics (Note 2) 

Symbol Parameter Conditions Min Max Units 

tr 20%-80% Rise Time 200 ns 

t, 80%-20% Fall Time 200 ns 

DATAsu Data Setup Time 100 ns 

DATAH Data Hold Time 

ENsu Enable Setup Time 

ns 

ns 

100 
VCC1 = 4.5V to 5.5V 

100 

ENH Enable Hold Time 100 ns 

ENpw+ Enable Positive Pulse Width 200 ns 

CLKpw+ Clock Positive Pulse Width 200 ns 

CLKpw- Clock Negative Pulse Width 200 ns 
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 device should be operated at these limits. 

Note 2: Unless otherwise specified, minimax limits apply across the -40'C to + 85'C temperature range for 088911 and 088912. 

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

Timing Diagram 

Veel ENABLE l.SV :::f1
NPW+ 

OV ----------------EN-
H
- -E-Ns-u-~----------I~--C-L-K-pw--------11------'-'-C-LK-p-w+---

VI _I I_I 
ee CLOCK I.SV ""-________ ,,1

1 
~I f- ~,'--__ 

OV ---'I, - , ,-
Veel 

OV 

DATA ---I-.S-?",W'R.' tDAT~r-*_A_TA_H ________ ___ 

TLlFI739B-l0 

MICROWIRETM Bus Format 

DATA ~ 1 0 1 0 a I 1 1 I a a 1 a a 
~----------------

CLOCK -I1.lL 

ENABLE 

-----------------------~ 

BIT 22 OUTPUT 
----------~----~--~--~~--~--~--~~ 

BIT 23 OUTPUT 

------~--~--~-~--~--~-~-~-----

BIT 24 OUTPUT 

-------~--~--~-~--~--~-~~ 
BIT POSITION 11 2 ••• 13 14 115 

j6 17 J8 T9 La 21 ~2 23 24 MSB + N CODE LSB 

PREMIX SELECT BIT OUTPUTS 
REFERENCE FREQUENCY SELECT TEST MODE CONTROLS 

LOOP RESPONSE TIMER CONTROL 
TLlF1739B-19 
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TABLE VI. OS8911 Tuning Characteristics 

IF Tuning VCO 
Premix 

Reference Tuning 
Image Mode Frequency Range Range Frequency Resolution 

(MHz) (MHz) (MHz) Modulus (kHz) (kHz) 
(MHz) 

LW 11.55/.450 .145-.290 112.4-114.1 10 10 1 22-23 

MW 11.55/.450 .515-1.61 99.4-110.2 10 10,12.5,25,100 1, 1.25, 2.5, 10 21-23 

SW 11.55/.450 5.94-6.2 53.5 to 56.1 10 10,12.5,25 1,1.25,2.5 28-30 

FM 10.7 87.4-108.1 98.1-118.8 1 10,12.5,25,100 10,12.5,25,100 109-130 

WB 10.7 162.4-162.6 151-152 1 12.5,25 12.5,25 140-142 

TV1 10.7 59.75-87.75 70.45-98.45 1 25 25 81-109 

TV2 10.7 179.75-215.75 169.1-205.1 1 25 25 158-194 

TABLE VII. OS8912 Tuning Characteristics 

IF Tuning VCO 
Premix 

Reference Tuning 
Image 

Mode Frequency Range Range 
Modulus 

Frequency Resolution 
(MHz) 

(MHz) (MHz) (MHz) (kHz) (kHz) 

LW 4.45/.450 .145-.290 91.9-94.8 20 10 .5 13-14 

MW 4.45/.450 .515-1.61 99.6-121.2 20 10,12.5,25,100 .5, .625, 1.25, 5 14-17 

SW 4.45/.450 5.94-6.2 207.9-213.1 20 25,100 1.25,5 14-16 

FM 10.7 87.4-108.1 98.1-118.8 1 10,12.5,25,100 10,12.5,25,100 109-130 

WB 10.7 162.4-162.6 151-152 1 12.5,25 12.5,25 140-142 

Input and Output Schematics 

qJ "IX" 
IF OUTPUTS 

"IX" c;:J 

¥ 21 Veel 

.~ t ~20kvJ 
veOB 

PREMIX 26 ~ 
~~ 

r-; ~r 
veo 

It,lXR PREMIX ,. '-;f-

V f-
4 veOE 27 

)J ~~~:1000 MIXER 5k.o. : 5k.o. 

22 GNDI 

> 100.0. INPUTS • 
TL/F/7398-12 

200.0. 

2 GNDL 

TL/F17398-11 
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Input and Output Schematics (Continued) 

----4 ...... --1 14 VCCM - --............ 

2 MHz 
OUTPUT 
BUFFER 

2MHz 
OUT 

TL/F/7398-13 

----..... --+-1 22 Vee l 

PIN 9 ENABLE 
PIN 10 CLOCK 
PIN 11 DATA 

INPUT 
BUFFERS 
(ONE OF THREE) - ..... -.-.----~--1 22 GNDI 

TL/F/7398-1S 

vcc10--..... ------. 

PU - ---+---1 

P6-

CRYSTAL --~----4""" 
OSCILLATOR 

TLlF/7398-14 

--+---~---I 22 Vee 1 

PIN 18 BIT 22 
PIN 19 BIT 23 
PIN 20 BIT 24 

(ONE OF THREE) 

GNDI 

TL/F/7398-16 

GNDl 221----................. L..-____ ~_I 1 GND2 

TL/F/7398-17 
TL/F17398-18 
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CD 

~ 

VCOb 

VCOe 

RF+ 
RF-

IMXR 

MIXER MIXER 

VCCM VCC1 GND 

cbcbl 

LOAD/COUNT 

DATA eLK EN 

Note 1: Logic labels (in parentheses) pertain to the DS8912 option. 

DS8911 (DS8912) PLL Synthesizer 

OSCb OSCe 

BIT BIT BIT 
22 23 24 

TJ 

2 MHz 

o VCC2 

OP AMP 
OUTPUT 

~----""OCPO 

'---------0 IpROG 

50HZ 

r­o 
CO 
n' 
o 
oi' 

CO ., 
Q) 

3 

TL/F17398-4 

Note 2: The 14 bit programmable N counter is a dual modulus counter with 31/32 prescaler. The minimum continuous modulus of the N counter is 961. (There are a limited number of valid modulus codes below 961.) 

~~68saH ~68sa 
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Typical Application 

ANTENNA 

~ 
Lf>.d3 

AM/FM ETR Radio Application 

DS8911 
(DS8912) 

PLL 
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Digital PLL Synthesis 

I. System concepts 
INTRODUCTION 

Digital tuning systems are fast replacing the conventional 
mechanical systems in AM/FM and television receivers. 
The desirability of the digital approach is mainly due to the 
following features: 
• Precise tuning of station frequencies 
• Exact digital frequency display 
• Keyboard entry of desired frequency 
• Virtually unlimited station memory 
• Up/down scanning through the band 
• Station "search" (stop on next active station) 
• Power on to the last station 
• Easy option for time-of-day clock 

In addition, recent developments in large scale integrated 
circuit technology and new varactor diodes for the AM band 
have made the cost-benefit picture for digital tuning very 
attractive. System partitioning is extremely important in opti­
mizing this cost-benefit picture, as will be discussed. 

National Semiconductor Corp. 
Application Note 335 
Craig Davis 
Tom Mills 
Keith Mueller 

SYSTEM DESCRIPTION 

A simplified block diagram of a typical digitally tuned receiv­
er is shown in Figure 1. Notice this receiver could be one for 
AM, FM, marine radio, or television; it makes no difference. 
The frequency synthesizer block generates the local oscilla­
tor frequency for the receiver, just as a conventional me­
chanical tuner would. However, the phase-locked-loop 
(PLL) acts as an integral frequency multiplier of an accurate 
crystal controlled reference frequency while the mechanical 
type provides a continuously variable frequency output with 
no reference. Some method of controlling the value of the 
multiplier for channel tuning must be provided. The other 
RF, IF, and audiolvideo circuitry will be the same as in the 
mechanical tuning method. 

There are many different ways to partition the frequency 
synthesizer system to perform the digital tuning function. 

TLlF/5269-1 

FIGURE 1. Block Diagram of a Digitally Tuned Receiver 
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PROGRAMMABLE CONTROLLER FUNCTION 

The most cost-effective application of different IC process 
technologies is shown in Figure 2. The controller is separate 
from the PLL. The controller can be as simple as a mask 
programmable microcontroller* or as complicated as a high­
powered microprocessor system. It can be done most eco­
nomically with NMOS technology because of the logic den­
sity possible and the small size of the RAM/ROM memory 
cells. It could also be CMOS for extremely low power con­
sumption in standby mode. 

BASIC PHASE-LOCKED-LOOP FUNCTION 

The DS890617/8 series of PLLs utilize a dual-modulus fre­
quency synthesis technique. The reasons for this and the 
PLL itself will now be discussed. 

Figure 3 is a diagram of the most simple phase-locked-loop. 
A particular reference frequency is generated by a crystal 
oscillator and some fixed divider, and this goes into one side 
·Such as National's COPTM lamily. 

I 
I 
I 
I L __ 

STATION 

of a digital phase comparator. A voltage controlled oscillator 
(VCO) feeds directly into the other input of the phase com­
parator. The output of the phase comparator is an error sig­
nal which is filtered and fed back to the VCO as a DC con­
trol voltage. 

In lock, the phase error must be zero, so fiN equals fREF. 
This system provides only one output frequency, that being 
equal to the reference frequency. 

Figure 4 is basically the same but now a programmable di­
vide-by-N counter is between the VCO and the phase com­
parator. The input to the phase comparator (fIN) now be­
comes the output frequency of the VCO (fOUT) divided by N, 
where N is the division code loaded into the programmable 
counter. This means fOUT/N must equal fREF. Thus, the 
VCO output frequency becomes N x fREF' and fOUT can 
now be changed in integral steps of fREF by merely chang­
ing N. 

DETECT ... -----.. 

FIGURE 2. System Block Diagram 

FIGURE 3. Basic Phase-Lacked-Loop 

FIGURE 4. Basic PLL Frequency Synthesizer 
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liN = IREF 

I - lOUT 
IN- N 

lOUT N= IREF 

lOUT = N X tREF ... ISTEP 
= IREF 
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In applications where the output frequency desired exceeds 
the maximum clock frequency of available programmable 
dividers, a common solution is to add a prescaler preceding 
the programmable divider, as shown in Figure 5. In this case 
fOUT = N (M x fREF) and so the output frequency step size 
becomes M X fREF. So, while this technique allows higher 
frequency operation, it does so at the expense of either 
increased channel spacing for a given reference frequency, 
or decreased reference frequency if a specific channel 
spacing is required. This latter limitation is often undesirable 
as it can cause increased lock-on time, decreased scanning 
rates, and sidebands at undesirable frequencies. 

Figure 6 shows the basic dual-modulus scheme. Here, a 
dual-modulus prescaler is substituted for the fixed prescaler 
and the modulus is controlled by programmable counters. 
The advantage to this approach is that the step size is again 
equal to the reference frequency while the prescaling still 
allows the programmable counters to operate at lower fre­
quencies. As in the fixed prescale technique, only the pre­
scaler needs to be high speed. The DS890617 /8 prescale 
by 7/8 for AM and in a similar fashion by 63/64 in FM. 

liN = IREF 

I - lOUT 
IN - N x M 

lOUT 
N X M = IREF 

lOUT = (N x M) IREF 

TLIF/5269-5 lOUT = N (M x IREF) -+ ISTEP = M X IREF 

FIGURE 5. PLL Frequency Synthesizer with Fixed Prescaler 

FIGURE 6. Basic Dual-Modulus Frequency Synthesizer 
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II. Application Hints 
VOLTAGE CONTROLLED OSCILLATORS 

In all radio and television applications, the voltage con­
trolled oscillator (VCO) is a varactor tuned, LC type of cir­
cuit. The LC circuit is used over the various RC current con­
trolled circuits because of their superior noise characteris­
tics. Figure 7 shows a collection of popular VCOs used in 
radio and television tuners. The AM VCO is a Hartley design 
chosen for wide tuning range. Commonly used varactors will 
show a capacitance change of 350 pF at 1 V to 20 pF at 8V, 
which if used in a low capacitance oscillator circuit, can pro­
duce a tuning range approaching 3 to 1. 

In the higher frequency ranges, above 50 MHz, Colpitts os­
cillators are used because stray circuit capacitance will be in 
parallel with desired feedback capacitance and not cause 
undesirable spurious resonances that might occur with the 
tapped coil Hartley design. The FM VCO shown is a g.round­
ed base design with feedback from collector to emitter. A 
UHF television oscillator is also shown. It too is a grounded 
base oscillator, but using a transmission line as the reso­
nant element instead of a coil. The transmission line and 
tuning capacitors are arranged in 7T network which ~ffe~s 
improved noise characteristics over a parallel tuned circuIt. 
This circuit will tune over almost an octave. 

Hartley Oscillator 

TUNING 

VO~lT'" q 
100k 

0.002 

~-+-H--1~'" 

0.02 

SV321 

20 ,'-300 " ! 

TUNING 
VOLTAGE 

Colpitts Oscillator 

B+ 

"0" fl.) t--PF +---e 

BB609 

3"-20"! 
PROCESS 43 

50 MHz - 300 MHz veo 

Tuning range"" 2:1 

1000 pF 

J 

50 kHz - 15 MHzVeO 

Tuning range"" 3:1 

5.6k 

5.6k 

TL/F/5269-8 

B+ 

2N4416 

5.6k 

TLIF/5269-7 

Colpitts Oscillator 

TUNING 
B+ VOLTAGE 

560 T
7.5PF 

PROCESS 43 

500 MHz - 1000 MHz veo 

Tuning range"" 1.8:1 

TLIF/5269-9 

FIGURE 7. Typical VCO Circuits (Typical Values Shown) 
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PLL LOOP FILTER CALCULATIONS 

Andrzej Przedpelski, in two articles published in Electronic 
Design (#19, Sept. 13, 1978 and #10, May 10, 1978) ex­
plains how to calculate the three time constants associated 
with a third order type 2 loop which is typically used with the 
05890617 /8 series. Figure 8 explains his method and 
shows a sample calculation. His articles illustrate how to 
calculate three time constants, and plot open loop gain and 
phase, and closed loop noise response. 

It should be noted that VCO gain, Kv, is in terms of radians 
per second per volt, and phase detector gain, KD, is in terms 
of amps per radian. The phase detector gain for the 
OS890617 /8 series is ± lOUT divided by 47T. 

REFERENCE 

Cl 
Rl 

C2 10 
ev 

Agure 9 illustrates an example calculation of time con­
stants, and a plot of open loop gain and phase based on the 
preceding analysis. 

REFERENCES 

1. Manassewitsch V., "Frequency Synthesizers" (Wiley, 
New York, 1976) 

2. Rohde, A. L., "Digital PLL Frequency Synthesizers" 
(Prentice Hall, Englewood Cliffs, 1983) 

3. Egan, W. F., "Frequency Synthesis By Phase Lock" (Wi­
ley, New York, 1981) 

T1 = R1C1 

T1 = R1C2 

~ 1+ST1 

10 SC1 (1+ST2) 

G(S) KD Kv (1 + ST1 ) 
= NS2C1 1 + ST2 

T2 
1-tan q, cos q, 

wocos q, 

T1 
1 

= w02T2 

C1 = KD Kv ( - wO T1 -1 ) 
Nw02 woT2+1 

where (J = desired phase margin 

wo = loop natural frequency 

;::: closed loop bandwidth 

TL/F/5269-10 Note: DS8909 op amp required C3 ;::: 1000 pF for compensation. 

FIGURE 8. Third Order Type 2 Loop 

100 r-- VHF loop, running at 100 MHz, ref = 10 kHz 

80 

~~ 
~ I-- 180 Kv = 2.S MHzlV = lS.7 Mrad/seclV 

60 ~~ 
400 ,.,.A 

'-- 160 ~ 
KD = ~ = 31.8 ,.,.A/radian 

'" 40 f- I-- .,, ~ 'CO 140 100 MHz 
z ~ j 

N = 10 kHz = 10,000, wO = 27T X 100 Hz 
< 20 - 120 (:I 

() = 4S0 (desired phase margin) 

I-- - ~~ T2 = 6.6 x 10-4 sec 

-20 I-- - I-- T1 = 3.84 x 10-3 sec 

C1 = 0.3).1F 
-40 _...J -..I '-- so R1 = Tl/C1 = 13 k!1 

1 10 100 1000 

Wo 
C2 = T2/Rl = O.OS ,.,.F 

TLIF/5269-11 

FIGURE 9. Example of Gain and Phase Calculation 
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DUAL-MODULUS COUNTING RANGE LIMITATIONS 

• Minimum count limitations 

• Maximum count limitations 

The OS890617 /8 series PLLs utilize a dual-modulus count­
ing scheme internally based on a 63/64 prescale modulus 
in FM mode in order that all of the U.S. FM frequency as­
signments could be reached using a 25 kHz reference. The 
counter modulus N = 64A + 8 where 8 is the 6 least 
significant bits of N and A is the 7th and greater significant 
bits of N. 

N = 64A + 8 
N = 64A + 63 - 8 (8 = 63 - 8) 

1 + N = 64A + 63 + 1 - 648 + 638 
1 + N = 64(A + 1 - 8) + 638 

Loaded Value 
of N 

3906 
3905 
3904 
3903 

• 
• 
• 

3843 
3842 
3841 
3840 
3839 

• 

• 
3780 
3779 
3778 
3777 
3776 
3775 

• 

• 
3717 
3716 
3715 
3714 
3713 
3712 
3711 

A 

61 
61 
61 
60 

• 

• 
60 
60 
60 
60 
59 

• 

• 
59 
59 
59 
59 
59 
58 

• 
• 

58 
58 
58 
58 
58 
58 
57 

• 
• 
• 

B 

61 
62 
63 
0 

• 
• 
• 

60 
61 
62 
63 
0 

• 
• 

59 
60 
61 
62 
63 
0 

• 

• 
58 
59 
59 
60 
61 
63 
0 

• 
• 
• 

The last equation is in the final form used internally by the 
OS890617 /8. The equation indicates that, if N is loaded into 
the device, it will solve for N + 1. 

The minimum continuous N modulus (code) the equation 
dictates should occur when A = 8. 8 maximum = 63 im­
plies A = 62, 8 = 63 should be an illegal N + 1 code (N + 
1 = 3969). However, because this is just inside the lower 
FM band limits, extra circuitry was added to enable this par­
ticular code's operation. The actual minimum N + 1 ~de 
for these PLLs thus becomes the case when A = 61, 8 = 

61, N + 1 minimum = 3907. There are legitimate N + 1 
codes below this 3907 value, however, they are not continu­
ous. (Le., Starting at 3907 and counting down, one addition­
al code is in error every 63 codes. Thereafter, these errone­
ous codes are the cases where A < 8.) The sequence of 
illegal codes is shown in Figure 10. 

Status 
Actual Locked 

N + 1 Value 

OK 3907 
illegal 3907 
illegal 3907 

OK 3904 

• • 
• • 

OK 3844 
illegal 3844 
illegal 3844 
illegal 3844 

OK 3840 

• 
• 

OK 3781 
illegal 3781 
illegal 3781 
illegal 3781 
illegal 3781 

OK 3776 

• 
• • 
• 

OK 3718 
illegal 3718 
illegal 3718 
illegal 3718 
illegal 3718 
illegal 3718 

OK 3712 

• • 
• 

• • 
FIGURE 10. FM Mode Dual.Modulus Counting Below the Minimum Continuous N Code of 3906 
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Maximum code limits for these dual-modulus PLLs are de­
termined by the N code bit length. The OS8906 and OS8908 
have a 14-bit N counter allowing 16,383 counts. The 
OS8907 has a 13-bit N node length, allowing a maximum N 
count of 8,191. See Figure 11 for table operating ranges of 
the OS8906, OS8907 and OS8908 PLLs. 

the marketplace. Figure 12 shows the block diagram of 
such a radio. In this application the following performance 
relating to the PLL tuning system is realized. 

CONCLUSION 

PLL Loop Bandwidth 

Reference Frequency Sidebands 

Signal-to-Noise Ratio 
AM: 30% modulation 

The major application for the OS890617 /8 PLLs are synthe­
sizers for AM-FM radios, and have been widely accepted in 

FM: 22.5 kHz deviation 

Switching Speed (one channel) 

Product Input Ref fiN (Hz) 

(Hz) Min· Max 

OS8906 AM 500 24.5k 8.193M 

FM 12.5k 48.8375M 120M 

OS8907 AM 10k 490k 15M 

FM 25k 97.675M 120M 

OS8908 AM 1k 49k 15M 

9k 441k 15M 

10k 490k 15M 

20k 980k 15M 

FM 1k 3.907M 15M 

9k 35.163M 120M 

10k 39.07M 120M 

20k 78.14M 120M 

"The minimum frequency shown is obtained when the minimum continuous N code is 
utilized and it assumes the edge rates > 20V / IJ.s. 

FIGURE 11. Product Operating Frequency Range 

r-----, MM5450 LED 
COPS470 VF 
MM5445 

__ .,...._ ... COPS472 LCD 

MM5452 

FIGURE 12. AM-FM Digitally Tuned Radio System 
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Safe Operating Areas for Peripheral Drivers 

Transmission Line Drivers and Receivers for EIA Standards RS-422 
and RS-423 

Summary of Electrical Characteristics of Some Well Known Digital 
Interface Standards 

Graphics/Alphanumerics Systems Using DP8350 

DS3662 The Bus Optimizer 

Software Design for a 38.4 kBaud Data Terminal 

Digital PLL Synthesis 

Understanding Integrated Circuit Package Power Capabilities 

Reducing Noise on Microcomputer Busses 

Transceivers and Repeaters Meeting the EIA RS-485 Interface 
Standard 

Low Power RS-232C Driver and Receiver in CMOS 

Small Outline (S.O.) Package Surface Mounting Methods­
Parameters and their Effect on Product Reliability 

High Speed, Low Skew RS-422 Drivers and Receivers Solve Critical 
System Timing Problems 

The Proposed IEEE 896 Futurebus a Solution to the Bus Driving 
Problem 
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Technical Terms and Definitions 
CURRENT 

High-Level Input Current, IIH 

The current into· an input when a high-level voltage is ap­
plied to that input. 

Input Current at Maximum Input Voltage, II 

The current into· an input when maximum specified input 
voltage is applied. 

Low-Level Input Current, III 

The current into· an input when a lOW-level voltage is ap­
plied to that input. 

Low-Level Input Current HiZ, IILZ 

The current into· an input when a low-level voltage is ap­
plied to the input with the device in the TRI-STATE condi­
tion. 

High-Level Output Current, 10H 

The current into· an output with input conditions applied 
that, according to the product specification, will establish a 
logic high level at the output. 

Low-Level Output Current, 10l 

The current into· an output with input conditions applied 
that, according to the product specification, will establish a 
logic low level at the output. 

Off-State Output Current, 10 (lCEX) 

The current flowing into· an output with input conditions 
applied that, according to the, product specification, will 
cause the output switching element to be in the off state. 
NOTE: This parameter is usually specified for open-collector outputs intend-

ed to drive devices other than logic circuits at a specified voltage 
usually greater then the Vee supply. 

Output Current of a TRI-STATE Device, loz 

The current into· a TRI-STATE output having input condi­
tions applied that, according to the product specification, 
will establish the high-impedance state at the output. 

Short-Circuit Output Current, los 

The current into· an output when that output is short-circuit­
ed to ground or any other specified potential, with input con­
ditions applied to establish the output logic level farthest 
from ground potential or any other specified potential. 

Supply Current, ICCH 

The current into· the Vee supply terminal of an integrated 
circuit when the outputs are in a logic high state. 

Supply Current, ICCl 

The current into· the Vee supply terminal of an integrated 
circuit when the outputs are in a logic low state. 

VOLTAGE 

High-Level Input Voltage, VIH 

An input voltage within the more positive (less negative) of 
the two ranges of values used to represent the binary vari­
ables. 
NOTE: A minimum is specified that is the least positive value of high-level 

input voltage for which operation of the logic element within specifi­
cation limits is guaranteed. 

·Current out of a terminal is given as a negative value. 
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Low-Level Input Voltage, Vil 

An input voltage level within the less positive (more nega­
tive) of the two ranges of values used to represent the bina­
ry variables. 
NOTE: A maximum is specified that is the .nost positive value of low-level 

input voltage for which operation of the logic element within specifi­
cation limits is guaranteed. 

Positive-Going Threshold Voltage, VTH 

The voltage level at a transition-operated input that, causes 
operation of the logic element according to specification, as 
the input voltage rises from a level below the negative-going 
threshold voltage, VTL-

Negative-Going Threshold Voltage, VTl 

The voltage level at a transition-operated input that, causes 
operation of the logic element according to specification, as 
the input voltage falls from a level above the positive-going 
threshold voltage, VTH. 

Hysteresis, VHYS 

The absolute difference in voltage value between the posi­
ti'/e going threshold and negative going threshold. 

Input Clamp Voltage, VIK 

An input voltage in a region of relatively low differential re­
sistance that serves to limit the input voltage swing. 

High-Level Output Voltage, VOH 

The voltage at an output terminal with input conditions ap­
plied that, according to the product specification, will estab­
lish a logic high level at the output. 

Low-Level Output Voltage, VOL 

The voltage at an output terminal with input conditions ap­
plied that, according to the product specification, will estab­
lish a logic low level at the output. 

Off-State Output Voltage, VO(off) 

The voltage at an output terminal with input conditions ap­
plied that, according to the product specification, will cause 
the output switching element to be in the off state. 
NOTE: This characteristic is usually specified only for the outputs not having 

internal pull-up elements. 

On-State Output Voltage, VO(on) 

The voltage at an output terminal with input conditions ap­
plied that, according to the product specification, will cause 
the output switching element to be in the on-state. 

Output Clamp Voltage, VOK 

An output voltage in a region of low differential resistance 
that serves to limit the voltage swing. 

PROPAGATION TIME 

Propagation Delay Time, tpD 

The time between the specified reference points on the in­
put and output voltage waveforms with the output changing 
from one logic level (high or low) to the other logic level. 



Technical Terms and Definitions (Continued) 

Propagation Delay Time, Low-to-Hlgh-Level Output, 
tpLH 
The time between the specified reference points on the in­
put and output voltage waveforms with the output changing 
from the logic low level to the logic high level. 

Propagation Delay Time, High-to-Low-Level Output, 
tpHL 
The time between the specified reference points on the in­
put and output voltage waveforms with the output changing 
from the logic high level to the logic low level. 

Transition Time LOW to HIGH, tTLH 

The time between two specified reference points on a 
waveform, normally specified between the 10% and 90% 
points, that is changing from LOW to HIGH. 

Transition Time HIGH to LOW, tTHL 

The time between two specified reference points on a 
waveform, normalfy specified between the 90% and 10% 
points, that is changing from HIGH to LOW. 

TRI-STATE DELAYS 

Output Enable Time, tpZL 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
TRI-STATE output changing from a high-impedance (off) 
state to the logic low level. 

Output Enable Time, tpZH 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
TRI-STATE output changing from a high-impedance (off) 
state to the logic high level. 

Output Disable Time, tpLZ 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
TRI-STATE output changing from the logic low level to a 
high-impedance (off) state. 

Output Disable Time, tpHz 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
TRI-STATE output changing from the logic high level to a 
high-impedance (off) state. 

CLOCK FREQUENCY 

Maximum Clock Frequency, fMAX 

The highest rate at which the clock input of a bistable circuit 
can be driven through its required sequence while maintain­
ing stable transitions of logic level at the output with input 
conditions established that should cause changes of output 
logic level in accordance with the specification. 

PULSE WIDTH 

Pulse Width, tw 

The time interval between specified reference points on the 
leading and trailing edges of the pulse waveform. 
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SETUP AND HOLD TIME 

Setup Time, tsu 

The time interval between the application of a signal that is 
maintained at a specified input terminal prior to a consecu­
tive active transition at another specified input terminal. 
Note 1: The setup time is defined as the time between two events and may 

be insufficient to accomplish the setup. A minimum value is speci· 
fied that is the shortest interval for which proper operation of the 
logic element is guaranteed. 

Note 2: The setup time may have a negative value in which case the mini· 
mum limit defines the longest interval of time between the active 
transition and the application of the other signal for which proper 
operation of the logic element is guaranteed. 

Hold Time, th 

The interval during which a signal is maintained at a speci­
fied input terminal after an active transition occurs at anoth­
er specified input terminal. 
Note 1: The hold time is defined as the time between two events and may 

be insufficient to accomplish the intended result. A minimum value is 
specified that is the shortest interval of time for which proper opera­
tion of the logic element is guaranteed. 

Note 2: The hold time may have a negative value in which case the mini· 
mum limit defines the longest interval of time between the release of 
data and the active transition on the specified input for which proper 
operation of the logic element is guaranteed. 

TRUTH TABLE EXPLANATIONS 

Symbols generally associated with Functional Truth Tables. 

H = Logic high level (steady-state) 

L = Logic low level (steady-state) 

J" = Transition from a logic low to high level 

"-- = Transition from a logic high to low level 

X = irrelevant (any input, including transitions) 

Z = off state (high-impedance) of a TRI-STATE 
output 

a .. h = the level of steady-state inputs at inputs A 
through H respectively 

Qo = level of Q before the indicated steady-state 
input conditions were established 

00 = complement of QO or level of 0 before the 
indicated steady-state input conditions were 
established 

Qn = level of Q before the most recent active tran­
sition indicated by J" or "-

NOTE: If, in the input columns, a row contains only the symbols H, L, and/or 
X, this means the indicated output is valid whenever the input config· 
uration is achieved and regardless of the event sequence. The out­
put logic state persists so long as the input configuration is main­
tained. 

If, in the input columns, a row contains (H, L, and/or X) together with 
..r and/or __ this means the output is valid whenever the input 
configuration is achieved. However, the transition(s) must occur fol· 
lowing the application of the steady-state levels. If the output is 
shown as a level (H, L, 00 or (0), it will be maintained so long as the 
steady-state input levels and the levels that terminate the defined 
transitions are maintained. Unless otherwise specified, input tran­
sitions in the oppOSite direction to those shown have no effect on the 
steady state output. 



Interface Cross Reference Guide ~ National Semiconductor 

Device National's National's 

Designation Direct Closest 
Replacement Replacement 

AMD 

AM26LS30DC DS3691J 
AM26LS30PC DS3691N 
AM26LS31DC DS26LS31CJ 
AM26LS31PC DS26LS31CN 
AM26LS32DC DS26LS32ACJ DS26LS32CJ 
AM26LS32PC DS26LS32ACN DS26LS32CN 
AM26LS33DC DS26LS33ACJ DS26LS33CJ 
AM26LS33PC DS26LS33ACN DS26LS33CN 

AM26S10DC DS26S10J 
AM26S10PC DS26S10N 
AM26S11DC DS26S11J 
AM26S11PC DS26S11N 
AM26S12DC DS8838J 
AM26S12PC DS8838N 

AM2965DC DP84240J 
AM2965PC DP84240N 
AM2966DC DP84244J 
AM2966PC DP84244N 

N8T26AB DS8T26AN 
N8T26AF DS8T26AJ 
N8T28F DS8T28J 
N8T28N DS8T28N 

D8212 DP8212J 
P8212 DP8212N 
D8216 DP8216J 
P8216 DP8216N 

D8224 DP8224J 
AM8224PC DP8224N 
D8226 DP8226J 
P8226 DP8226N 

AM8228PC DP8228N 
D8228 DP8228J 
AM8238PC DP8238N 
D8238 DP8238J 
DP8303J DP8303J 
DP8303N DP8303N 
DP8304BJ DP8304BJ 
DP8304BN DP8304BN 
DP8307J DP8307J 
DP8307N DP8307N 
DP8308J DP8308J 
DP8308N DP8308N 

DS8838J DS8838J 
DS8838N DS8838N 

The manufacturer's most current data sheets take precedence over this guide. 
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Interface Cross Reference Guide(continued) 

Device 
National's National's 

Device 
Designation 

Direct Closest 
Designation 

Replacement Replacement 

FAIRCHILD 

JlA1488DC DS1488J 9636ARC 
JlA1488PC DS1488N 9636ATC 
JlA1489ADC DS1489AJ 9637ARC 
JlA1489APC DS1489AN 9637ATC 
JlA1489DC DS1489J 9640DC 
JlA1489PC DS1489N 9640PC 
JlA3680DC DS3680J 9643PC 
JlA3680PC DS3680N 9643TC 

75107ADC DS75107J 9645DC 

75107APC DS75107N 9645PC 

75107BDC DS75107J 
75107BPC DS75107N 
75108ADC DS75108J 
75108APC DS75108N 
75108BDC DS75108J 
75108BPC DS75108N 

75150RC DS75150J·8 
75150TC DS75150N 
75154DC DS75154J 
75154PC DS75154N 

75450BDC DS75450J 
75450BPC DS75450N 

75451ARC DS75451J·8 
75451ATC DS75451N 
75451BRC DS75451J·8 
75451BTC DS75451N 

75452ARC DS75452J·8 
75452ATC DS75452N 
75452BRC DS75452J·8 
75452BTC DS75452N 

75453ARC DS75453J·8 
75453ATC DS75453N 
75453BRC DS75453J·8 
75453BTC DS75453N 

75461RC DS75461J·8 
75461TC DS75461N 
75462RC DS75462J·8 
75462TC DS75462N 

75471TC DS3611N 
75472TC DS3612N 

75491 PC DS75491N 
75492PC DS75492N 
75492APC DS75492N 

JlA8T26ADC DS8T26AJ 
JlA8T26APC DS8T26AN 
JlA8T28DC DS8T28J 
JlA8T28PC DS8T28N 

9614DC DS75114J 
9614PC DS75114N 
9615DC DS75115J 
9615PC DS75115N 
9616DC DS1488J 
9616PC DS1488N 
9617DC DS1489AJ 
9617DC DS1489J 
9617PC DS75154N 

The manufacturer's most current data sheets take precedence over this guide. 
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~ National Semiconductor 
National's 

Direct 
Replacement 

DS26S10J 
DS26S10N 

National's 
Closest 

Replacement 

DS3691J 
DS3691N 
DS3486J 
DS3486N 

DS75322N 
DS75322N 
DS3245J 
DS3245N 



Interface Cross Reference Guide (Continued) ~ National Semiconductor 

Device 
National's National's 

Designation 
Direct Closest 

Replacement Replacement 

MMI 

74S408N DP8408N ' 
74S409N DP8409N 
74S780N DP8400N 

The manufacturer's most current data sheets take precedence over this guide. 
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Interface Cross Reference Guide (Continued) ~ National Semiconductor 

Device National's National's 

Designation Direct Closest 
Replacement Replacement 

INTEL 

03245 OS3245J 

08212 OP8212J 
P8212 OP8212N 
08216 OP8216J 
P8216 OP8216N 

08224 OP8224J 
08224 OP8224N 
08226 OP8226J 
P8226 OP8226N 

08228 OP8228J 
08228 OP8228N 
08238 OP8238J 
P8238 OP8238N 

08286 OP8304BJ 
P8286 OP8304BN 
08287 OP8303J 
P8287 OP8303N 

The manufacturer's most current data sheets take precedence over this guide. 
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Interface Cross Reference Guide (Continued) 

Device 
National's National's 

Device 
Direct Closest 

Designation 
Replacement Replacement 

Designation 

MOTOROLA 

MMH0026CG DS0026CH DS0026CG MC75125P 
MMH0026CL DS0026CJ MC75127L 
MMH0026CN DS0026CN MC75127P 
MMH0026CP1 DS0026CN MC75128L 
MMH0026G DS0026H MC75128P 
MMH0026L DS0026J MC75129L 

MC12015P DS8615N MC75129P 

MC12016P DS8616N MC75325L 
MC12017P DS8617N MC75491P 
MC12071P DS8621 N MC75492P 
MC1472P1 DS3612N 

MC8T13L 
MC1472P1 DS3632N MC8T13P 
MC1472U DS3612J-8 MC8T14L 
MC1472U DS3632J-8 MC8T14P 
MC1488L DS1488J MC8T23L 
MC1488P DS1488N MC8T23P 
MC1489AL DS1489AJ MC8T24L 
MC1489AP DS1489AN MC8T24P 
MC1489L DS1489J 

MC8T26AL 
MC1489P DS1489N 

MC8T26AP 
AM26LS31DC DS26LS31CJ MC8T28L 
AM26LS31PC DS26LS31CN MC8T28P 

MC26S10L DS26S10J DS8641N 
MC26S10P DS26S10N DS8641J 

MC3430L DS3651J 
MC3430P DS3651N 
MC3431L DS3651J 
MC3431P DS3651N 
MC3432L DS3653J 
MC3432P DS3653N 
MC3433L DS3653J 
MC3433P DS3653N 
MC3437L DS8837J 
MC3437P DS8837N 
MC3438L DS8838J 
MC3438P DS8838N 

MC3450L DS3650J 
MC3450P DS3650N 
MC3451P DS3451N 
MC3452P DS3652N 

MC3486L DS3486J 
MC3486P DS3486N 
MC3487L DS3487J 
MC3487P DS3487N 

MC3490P DS8887N 
MC3491P DS8889N 
MC3494P DS8897N 

MC6880AL DS8T26AJ 
MC6880AP DS8T26AN 

MC6889L DS8T28J 
MC6889P DS8T28N 

MC75107L DS75107J 
MC75107P DS75107N 
MC75108L DS75108J 
MC75108P DS75108N 
MC75125L DS75125J 

The manufacturer's most current data sheets take precedence over this guide. 
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~ National Semiconductor 
National's 

Direct 
Replacement 

DS75125N 
DS75127J 
DS75127N 
DS75128J 
DS75128N 
DS75129J 
DS75129N 

DS75325J 

DS75491N 
DS75492N 

DS75121J 
DS75121 N 
DS75122J 
DS75122N 
DS75123J 
DS75123N 
DS75124J 
DS75124N 

DS8T26AJ 
DS8T26AN 
DS8T28J 
DS8T28N 

DS8641N 
DS8641N 

National's 
Closest 

Replacement 

DS8834J 
DS8834N 



Interface Cross Reference Guide (Continued) ~ National Semiconductor 

Device 
National's National's 

Designation 
Direct Closest 

Replacement Replacement 

SIGNETICS 

MC1488F DS1488J 
MC1488N DS1488N 
MC1489AN DS1489AN 
MC1489AF DS1489AJ 
MC1489F DS1489J 
MC1489N DS1489N 

NE582F DS75494J 
NE582N DS75494N 

75S107F DS75107J 
75S107N DS75107N 
75S108F DS75108J 
75S108N DS75108N 
75S207F DS75207J 
75S207N DS75207N 
75S208F DS75208J 
75S208N DS75208N 

N8T13F DS75121J 
N8T13N DS75121N 
N8T14F DS75122J 
N8T14N DS75122N 
N8T15F DS75150J·8 
N8T15N DS75150N 

N8T23F DS75123J 
N8T23N DS75123N 
N8T24F DS75124J 
N8T24N DS75124N 
N8T26AF DS8T26AJ 
N8T26AN DS8T26AN 
N8T28F DS8T28J 
N8T28N DS8T28N 

N8T34F DS8834J 
N8T34N DS8834N 
N8T37F DS8837J 
N8T37N DS8837N 
N8T38F DS8838J 
N8T38N DS8838N 
N8T380F DS8836J DS8640J 
N8T380N DS8836N DS8640N 

* DS8820AF DS8820AJ 
* DS8820AN DS8820AN 
* DS8820F DS8820J 
* DS8820N DS8820N 

* DS8830F DS8830J 
*DS8830N DS8830N 

* DS8880F DS8880J 
* DS8880N DS8880N 

The manufacturer's most current data sheets take precedence over this guide. 

* Signetics has announced plans to obsolete these products. 
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Interface Cross Reference Guide (Continued) ~ National Semiconductor 

Device 
National's National's 

Designation 
Direct Closest 

Replacement Replacement 

SPRAGUE 

UDN3611H DS3611J·8 
UDN3611M DS3611N 

UDN3612H DS3612J·8 
UDN3612M DS3612N 

UDN3613H DS3613J·8 
UDN3613M DS3613N 

UDN3614H DS3614J·8 
UDN3614M DS3614N 

The manufacturer's most current data sheets take precedence over this guide. 
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Interface Cross Reference Guide (Continued) ~ National Semiconductor 
National's National's 

Device 
National's National's 

Device 
Direct Closest Direct Closest 

Designation 
Replacement Replacement 

Designation 
Replacement Replacement 

TEXAS INSTRUMENTS 

MC1488J DS1488J SN75188N DS1488N 
MC1488N DS1488N SN75189AJ DS1489AJ 
MC1489AJ DS1489AJ SN75189AN DS1489AN 
MC1489AN DS1489AN SN75189J DS1489J 
MC1489J DS1489J SN75189N DS1489N 
MC1489N DS1489N 

SN75207BN DS75207N 
AM26LS31CJ DS26LS31CJ SN75207J DS75207J 
AM26LS31CN DS26LS31CN SN75208BJ DS75208J 
AM26LS32ACJ DS26 LS32ACJ DS26 LS32CJ SN75208J DS75208J 
AM26LS32ACN DS26LS32ACN DS26LS32CN SN75208N DS75208N 
AM26LS33AJ DS26LS33ACJ DS26LS33CJ 

SN75325J DS75325J 
AM26LS33AN DS26LS33ACN DS26LS33CN 

SN75325N DS75325N 
AM26S10CJ DS26S10J SN75361AJG DS75361J-8 
AM26S10CN DS26S10N 

SN75361AP DS75361N 
AM26S11CJ DS26S11J SN75365J DS75365J 
AM26S11CN DS26S11N SN75365N DS75365N 
MC3486J DS3486J SN75369J DSOO26CJ-8 
MC3486N DS3486N SN75369N DSOO26CN 
MC3487J DS3487J 

SN75437ANE DS3658N 
MC3487N DS3487N 

SN75437NE DS3658N 
SN74LS424J DP8224J SN75438NE DS3658N 
SN74LS424N DP8224N SN75450BJ DS75450J 

SN74S412J DP8212J SN75450BN DS75450N 

SN74S412N DP8212N SN75451BJG DS75451J-8 

SN74S428N DP8228N SN75451BP DS75451N 

SN74S436N DS36149N SN75452BJG DS75452J-8 

SN74S437N DS36179N SN75452BP DS75452N 

SN74S438N DP8238N SN75453BJG DS75453J-8 

SN75107AJ DS75107J 
SN75453BP DS75453N 
SN75454BJG DS75454J-8 

SN75107AN DS75107N SN75454BP DS75454N 
SN75107BJ DS75107J 
SN75107BN DS75107N SN75461JG DS75461J-8 

SN75108AJ DS75108J SN75461P DS75461N 

SN75108AN DS75108N SN75462JG DS75462J-8 

SN75108BJ DS75108J SN75462P DS75462N 

SN75108BN DS75108N SN75463JG DS75463J-8 

DS75113J 
SN75463P DS75463N 

SN75113J SN75464JG DS75464J-8 
SN75113N DS75113N SN75464P DS75464N 
SN75114J DS75114J 
SN75114N DS75114N SN75471JG DS3611J-8 

SN75115J DS75115J SN75471P DS3611N 

SN75115N DS75115N SN75472JG DS3612J-8 

DS75121J 
SN75472P DS3612N 

SN75121J SN75473JG DS3613J-8 
SN75121N DS75121N SN75473P DS3613N 
SN75122J DS75122J SN75474JG DS3614J-8 
SN75122N DS75122N SN75474P DS3614N 
SN75123J DS75123J SN75477JG DS3612J-8 
SN75123N DS75123N SN75477P DS3612N 
SN75124J DS75124J 
SN75124N DS75124N SN75480N DS8880N 

SN75125J DS75125J SN75491AN DS75491N 
SN75125N DS75125N SN75491N DS75491N 
SN75127J DS75127J SN75492AN DS75492N 
SN75127N DS75127N SN75492J DS75492J 
SN75128J DS75128J SN75492N DS75492N 
SN75128N DS75128N SN75494N DS75494N 
SN75129J DS75129J 

N8T13J DS75121J 
SN75129N DS75129N 

N8T13N DS75121N 
SN75150J DS75150J-8 N8T14J DS75122J 
SN75150N DS75150N N8T14N DS75122N 
SN75154J DS75154J 

N8T23J DS75123J 
SN75154N DS75154N 

N8T23N DS75123N 
SN75160N DS75160AN N8T24J DS75124J 
SN75160AN DS75160AN N8T24N DS75124N 
SN75161N DS75161AN N8T26AJ DS8T26AJ 
SN75161AN DS75161AN N8T26AN DS8T26AN 
SN75162N DS75162AN 

DS8820AJ DS8820AJ 
SN75162AN DS75162AN 
SN75176A DS75176A DS8820AN DS8820AN 

SN75176A DS3695 DS8830J DS8830J 
SN75182J DS8820AJ DS8830N DS8830N 
SN75182N DS8820AN 

SN75183J DS8830J DS8831J DS8831J 

SN75183N DS8830N DS8831N DS8831N 

SN75188J DS1488J DS8832J DS8832J 
The manufacturer's most current data sheets take precedence over this guide. DS8832N DS8832N 
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Military Aerospace Programs 
from National Semiconductor 
This appendix is intended to provide a brief overview of mili­
tary products available from National Semiconductor. For 
further information, refer to our 1986 Reliability Handbook 
which is expected to be available by mid 1986. 

MIL-M-38S10 
The MIL-M-38510 Program, which is sometimes called the 
JAN IC Program, is administered by the Defense Electronics 
Supply Center (DESC). The purpose of this program is to 
provide the military community with standardized products 
that have been manufactured and screened to government­
controlled specifications in government certified facilities. 
All 38510 manufacturers must be formally qualified and their 
products listed on DESC's Qualified Products List (QPL) be­
fore devices can be marked and shipped as JAN product. 

There are two processing levels specified within MIL-M-
38510: Classes Sand B. Class S is typically specified for 
space flight applications, while Class B is used for aircraft 
and ground systems. National is a major supplier of both 
classes of devices. Screening requirements are outlined in 
Table III. 

Tables I and II explain the JAN device marking system. 

Copies of MIL-M-38510, the QPL, and other related docu­
ments may be obtained from: 

Naval Publications and Forms Center 
5801 Tabor Avenue 
Philadelphia, PA 19120 
(212) 697-2179 

DESC Specifications 
DESC specifications are issued to provide standardized ver­
sions of devices which are not yet available as JAN product. 
MIL-STD-883 Class B screening is coupled with tightly con­
trolled electrical specifications which have been written to 
allow a manufacturer to use his standard electrical tests. A 
current listing of National's DESC specification offerings can 
be obtained from our franchised distributors, sales repre­
sentatives, or DESC. DESC is located in Dayton, Ohio. 
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M IL-STD-883 
Although originally intended to establish uniform test meth­
ods and procedures, MIL-STD-883 has also become the 
general specification for non-JAN military product. Revision 
C of this document defines the minimum requirements for a 
device to be marked and advertised as 883-compliant. In­
cluded are design and construction criteria, documentation 
controls, electrical and mechanical screening requirements, 
and quality control procedures. Details can be found in par­
agraph 1.2.1 of MIL-STD-883. 

National offers both 883 Class Band 883 Class S product. 
The screening requirements for both classes of product are 
outlined in Table III. 

As with DESC specifications, a manufacturer is allowed to 
use his standard electrical tests provided that all critical pa­
rameters are tested. Also, the electrical test parameters, 
test conditions, test limits, and test temperatures must be 
clearly documented. At National Semiconductor, this infor­
mation is available via our RETS (Reliability Electrical Test 
Specification Program). The RETS document is a complete 
description of the electrical tests performed and is con­
trolled by our QA department. Individual copies are available 
upon request. 

Some of National's older products are not completely com­
pliant with MIL-STD-883, but are still required for use in mili­
tary systems. These devices are screened to the same 
stringent requirements as 883 product, but are marked 
"-MIL". 

Military Screening Program (MSP) 
National's Military Screening Program was developed to 
make screened versions of advanced products such as gate 
arrays and microprocessors available more quickly than is 
possible for JAN and 883 devices. Through this program, 
screened product is made available for prototypes and 
breadboards prior to or during the JAN or 883 qualification 
activities. MSP products receive the 100% screening of Ta­
ble III, but are not subjected to Group C and D quality con­
formance testing. Other criteria such as electrical testing 
and temperature range will vary depending upon individual 
device status and capability. 



TABLE I. The MIL-M-38510 Part Marking 

~~8~/~~~XYYY 

[

Lead Finish 
A = Solder Dipped 
B = TIn Plate 
C = Gold Plate 
X = Any lead finish above 

Is acceptable 

Device Package 
(see Table II) 

- Screening Level 
S, B, or C 

'--- Device Number on 
Slash Sheet 

Slash Sheet Number 

'----- For radiation hard devices 
this slash is replaced by the 
Radiation Hardness Assurance 
Designator (t.f, D, R, or H per 
paragraph 3.4.1.3 of t.fiL-t.f-
38510) 

L...-----t.fIL-t.f-38510 

'--------JAN Prefix 
(which may be applied only to 
a fully conformant device per 
paragraphs 3.6.2.1 and 3.6.7 of 
t.4IL-t.4-38510) 

TABLE II. JAN Package Codes 

38510 
Package 

Designation 

A 
B 
C 
o 
E 
F 

G 
H 
I 
J 
K 
L 
M 
N 
P 
Q 

Microcircuit Industry 
Description 

14-Pin 1/4" X 1/4" (metal) flat pack 
14-Pin 3/16" X 1/4" flat pack 
14-Pin 1 14" X 3/4" dual-in-line 

14-Pin 1/4" X3/8" (ceramic) flat pack 

16-Pin 1 14" X 3/8" dual-in-line 
16-Pin 1 14" X 3/8" (metal or ceramic) 

flat pack 
8-pin TO-99 can or header 
10-pin1/4" x1/4" (metal) flat pack 

1 O-pin TO-1 00 can or header 
24-pin 1/2" x 1-1/4" dual-in-line 

24-pin 3/8" x 5/8" flat pack 
24-pin 1/4" x 1-1/4" dual-in-line 

12-pin TO-1 01 can or header 
Note 1 

8-pin 1/4" x 3/8" dual-in-line 
40-pin 3/16" x 2-1/16" dual-in-line 
20-pin 1/4" x 1-1/16" dual-in-line 

20-pin 1/4" x 1/2" flat pack 

Note 1 
Note 1 

18-pin 3/8" x 15/16" dual-in-line 
22-pin 3/8" x 1-1/8" dual-in-line 

Note 1 
Note 1 
Note 1 

C124-1 

R 
S 
T 
U 
V 
W 
X 
Y 
Z 
2 
3 

20-terminal 0.350" x 0.350" chip carrier 
28-terminal 0.450" x 0.450" chip carrier 

Note 1: These letters are assigned to packages by individual detail specifi­
cations and may be assigned to different packages in different specifica­
tions. 
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TABLE 111.100% Screening Requirements 

ClassS ClassB 
Screen 

Method Reqmt Method Reqmt 

1. Wafer Lot Acceptance S007 All Lots - --
2. Nondestructive Bond Pull 2023 100% --
3. Internal Visual (Note 1) 2010, Condition A 100% 2010, Condition B 100% 

4. Stabilization Bake 1008, Condition C, 100% 1008, Condition C, 100% 
24 hrs. Min. 24 hrs. Min. 

S. Temp. Cycling (Note 2) 1010, Condition C 100% 1010, Condition C 100% 

6. Constant Acceleration 2001, Condition E (Min.) 100% 2001, Condition E, (Min.), 100% 
y 1 Orientation Only y 1 Orientation Only 

7. Visual Inspection (Note 3) 100% 100% 

8. Particle Impact Noise Detection (PIND) 2020, Condition A (Note 4) 100% --
9. Serialization (Note S) 100% --

10. Interim (Pre-Burn·ln) Electrical Per Applicable Device 100% Per Applicable Device --
Parameters Specification (Note 13) Specification (Note 6) 

11. Burn·ln Test 101S 100% 101S 100% 
240 Hrs. @ 12SoC Min. 160 Hrs. @ 12SoC Min. 
(Cond. F Not Allowed) 

12. Interim (Post-Burn-In) Electrical Per Applicable Device 100% 
Parameters Specification (Note 13) 

13. Reverse Bias Burn-In (Note 7) 101S; Test Condition A, C, 100% --
72 Hrs. @ 1S0·C Min. 
(Cond. F Not Allowed) 

1S. PDA Calculation S% Parametric (Note 14), All Lots S% Parametric (Note 14) All Lots 
3% Functional -2SoC 

16. Final Electrical Test Per Applicable Device Per Applicable Device 
a) Static Tests Specification Specification 

1) 2SoC (Subgroup 1, Table I, SOOS) 100% 100% 
2) Max & Min Rated Operating Temp. 

100% 100% 
(Subgroups 2, 3, Table I, SOOS) 

b) Dynamic Tests & Switching Tests, 2SoC 
100% 100% 

(Subgroups 4, 9, Table I, SOOS) 
c) Functional Test, 2SoC 

100% 100% 
(Subgroup 7, Table I, SOOS) 
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TABLE 111.100% Screening Requirements (Continued) 

ClassS ClassB 
Screen 

Method Reqmt Method Reqmt 

17. Seal Fine, Gross 1014 100%, (Note 8) 1014 100%, (Note 9) 

18. Radiographic (Note 10) 2012 Two Views 100% 

19. Qualification or Quality Conformance (Note 11) Samp. (Note 11) Samp. 
Inspection Test Sample Selection 

20. External Visual (Note 12) 2009 100% 100% 

Note 1: Unless otherwise specified, at the manufacturer's option, test samples for Group B, bond strength (Method 5005) may be randomly selected prior to or 
following Internal visual (Method 5004), prior to sealing provided all other specification requirements are satisfied (e.g. bond strength requirements shall apply to 
each Inspection lot, bond failures shall be counted even if the bond would have failed internal visual). 

Note 2: For Class B devices, this test may be replaced with thermal shock method 1011, test condition A, minimum. 

Note 3: At the manufacturer's option, visual inspection for catastrophiC failures may be conducted after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 

Note 4: The PIND test may be performed in any sequence after step 6 and prior to step 16. See MIL·M-38510, paragraph 4.6.3. 

Note 5: Class S devices shall be serialized prior to interim electrical parameter measurements. 

Note 6: When specified, all devices shall be tested for those parameters requiring delta calculations. 

Note 7: Reverse bias bum-in is a requirement only when specified in the applicable device specification. The order of performing bum-in and reverse bias bum-in 
may be inverted. 

Note 8: For Class S devices, the seal test may be performed in any sequence between step 16 and step 19, but it shall be performed after all shearing and forming 
operations on the terminals. 

Note 9: For Class B devices, the fine and gross seal tests shall be performed separate or together in any sequence and order between step 6 and step 20 except 
that they shall be performed after all shearing and forming operations on the terminals. When 100% seal screen cannot be performed after shearing and forming 
(e.g. flatpacks and chip carriers) the seal screen shall be done 100% prior to these operations and a sample test (LTPD = 5) shall be performed on each 
inspection lot following these operations. If the sample fails, 100% rescreening shall be required. 

Note 10: The radiographic screen may be performed in any sequence after step 19. 

Note 11: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005 

Note 12: External Visual shall be performed on the lot any time after step 19 and prior to shipment. 

Note 13: Read and Record when past bum-in delta measurements are specified. 

Note 14: PDA shall apply to all static, dynamic, functional, and switching measurements at either 2S0C or maximum rated operating temperature. 
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National's A + Program 
A + Program: A comprehensive program that utilizes Na­
tional's experience gained from participation in the many 
Military/ Aerospace programs. 

A program that not only assures high quality but also in­
creases the reliability of molded integrated circuits. 

The A + program is intended for users who need better than 
usual incoming quality and higher reliability levels for their 
standard integrated circuits. 

Users who specify A + processed parts will find that the 
program: 

• Eliminates incoming electrical inspection. 

• Eliminates the need for, and thus the added cost of, inde-
pendent testing laboratories. 

• Reduces the cost of reworking assembled boards. 

• Reduces field failures. 

• Reduces equipment down time. 

• Reduces the need for excess inventories due to yield loss 
incurred as a result of processing performed at indepen­
dent testing laboratories. 

The A+ Program Saves You Money 

It is a widely accepted fact that down-time of equipment is 
costly not only in lost hours of machine usage but also cost­
ly in the repair and maintenance cycle. One of the added 
advantages of the A + program is the burn-in screen, which 
is one of the most effective screening procedures in the 
semiconductor industry. Failure rates as a result of the burn­
in can be decreased many times. The objective of burn-in is 
to stress the device much higher than it would be stressed 
during normal usage. 

Reliability vs. Quality 

The words "reliability" and "quality" are often used inter­
changeably, as though they connoted identical facets of a 
product's merit. But reliability and quality are different, and 
IC users must understand the essential difference between 
the two concepts in order to evaluate properly the various 
vendors' programs for products improvement that are gen­
erally available, and National's A + program in particular. 

The concept of quality gives us information about the popu­
lation and faulty IC devices among good devices, and gen­
erally relates to the number of faulty devices that arrive at a 
user's plant. But looked at in another way, quality can in­
stead relate to the number of faulty ICs that escape detec­
tion at the IC vendor's plant. 

It is the function of a vendor's Quality Control arm to monitor 
the degree of success of that vendor in reducing the num­
ber of faulty ICs that escape detection. Quality Control does 
this by testing the outgoing parts on a sampled basis. The 
Acceptable Quality level (AQL) in turn determines the strin­
gency of the sampling. As the AQL decreases it becomes 
more difficult for defective parts to escape detection, thus 
the quality of the shipped parts increases. 
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The concept of reliability, on the other hand, refers to how 
well a part that is initially good will withstand its environ­
ment. Reliability is measured by the percentage of parts that 
fail in a given period of time. 

Thus the difference between quality and reliability means 
the ICs of high quality may, in fact be of low reliability, while 
those of low quality may be of high reliability. 

Improving the Reliability of Shipped Parts 

The most important factor that affects a part's reliability is 
its construction; the materials used and the method by 
which they are assembled. 

Reliability cannot be tested into a part. Still, there are tests 
and procedures that an IC vendor can implement which will 
subject the IC to stresses in excess of those that it will en­
dure in actual use, and which will eliminate marginal, short­
life parts. 

In any test of reliability the weaker parts will normally fail 
first. Further, stress tests will accelerate, or shorten, the 
time of failure of the weak parts. Because the stress tests 
cause weak parts to fail prior to shipment to the user, the 
population of shipped parts will in fact demonstrate a higher 
reliability in use. 

National's A + Program 

National provides the A + program as the best practical ap­
proach to maximum quality and reliability on molded devic­
es. The following flow chart shows how we do it step by 
step. 

Randomly selected wafers are taken from produc­
tion regularly and subjected to SEM analysis. 9 SEM 

Epoxy B Processing for All Molded Parts 

At National, al\ molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and QC 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that 
gives, in detail, the background of Epoxy B, the 
reason for its selection at National, and reliability 
data that proves its success.) 

Six Hour, 150°C Bake 

This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, 
and helps eliminate marginal bonds and electrical 
connections. 

Five Temperature Cycles (70°C to 100°C) 

Exercising each device over a 100°C temperature 
range provides an additional die and package 
stress. 



National's A + Program (Continued) 

High Temperature (100°C) Functional Electrical 
Test 

A high temperature test with voltages applied 
places the die under the most severe stress possi­
ble. The test is actually performed at 100°C-15°C 
higher than the commercial ambient limit. All de­
vices are thoroughly exercised at the 100°C ambi­
ent. 

Electrical Testing 

Every device is tested at 25°C for functional and 
DC parameters. 

Burn-In Test 

Each device is burned-in for 160 hours at a mini­
mum junction temperature of + 125°C or under 
equivalent conditions of time and temperature, as 
established by a time-temperature regression 
curve based on 0.96 eV activation energy. All 
burn-in done under steady-state conditions unless 
otherwise specified. 

DC Functional and Parametric Tests 

These room-temperature functional and paramet­
ric tests are the normal, final tests through which 
all National products pass. 

-0 Thermal Shock Monitor 

Samples from each package 
type are selected at random 
each week and submitted to 
cycles of liquid to liquid ther­

mal shock - 65°C to + 150°C. In addition, sam­
ples are selected every four weeks and subjected 
to 2000 temperature cycles of O°C to + 25°C. 
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Tlghter-Than-Normal QC Inspection Plans 

Most vendors sample inspect outgoing parts to a 
0.3% AQL. When you specify the A + program, 
we sample your parts to a 0.035% AQL at room 
temperature and 0.05% AQL at T A Max. This eight 
times tightening (from 0.3 to 0.035% AQL) cou­
pled with three 100% electrical tests, dramatically 
reduces the number of "escapes" and allows us 
to guarantee the AQLs listed below. 

Ship Parts 

Here are the QC sample plans used in our A + test pro­
gram: 

Test Temperature AQL 
Electrical Functionality 25°C} 0.035% 
Parametric, DC 25°C 
Parametric, AC 25°C 0.1% 
Electrical Functionality At each temperature} 

0.05% 
Parametric, DC extreme. 
Mechanical 

Critical 0.01% 
Major 0.28% 



Bookshelf of Technical Support Information 
National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this book­
shelf. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 23-200 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

For a recorded update of this listing plus ordering information for these books from National's Literature Distribution operation, 
please call (408) 749-7378. 

DATA CONVERSION/ ACQU ISITION OAT ABOOK-1984 
Selection Guides • Active Filters • Amplifiers. Analog Switches • Analog-to-Digital Converters 
Analog-to-Digital Display (DVM) • Digital-to-Analog Converters • Sample and Hold • Sensors/Transducers 
Succesive Approximation Registers/Comparators. Voltage References 

HYBRID PRODUCTS DATABOOK-1982 
Operational Amplifiers • Buffers. Instrumentation Amplifiers • Sample & Hold Amplifiers • Comparators 
Non-Linear Functions • Precision Voltage Regulators and References • Analog Switches 
MOS Clock Drivers • Digital Drivers • A-D Converters • D-A Converters • Fiber-Optic Products 
Active Filters & Telecommunication Products • Precision Networks • 883/RETS 

INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC 
DATABOOK-1983 
Transmission Line Drivers/Receivers • Bus Transceivers • Peripheral/Power Drivers 
level Translators/Buffers • Display Controllers/Drivers • Memory Support • Dynamic Memory Support 
Microprocessor Support • Data Communications Support • Disk Support. Frequency Synthesis 
Interface Appendices. Bipolar PROMs. Bipolar and ECl RAMs. 2900 Family/Bipolar Microprocessor 

INTUITIVE IC CMOS EVOLUTION-1984 
Thomas M. Frederiksen's new book targets some of the most significant transitions in semiconductor technology since the 
change from germanium to silicon. Intuitive IC CMOS Evolution highlights the transition in the reduction in defect densities and 
the development of new circuit topologies. The author's latest book is a vital aid to engineers, and industry observers who need 
to stay abreast of the semiconductor industry. 

INTUITIVE IC OP AMPS-1984 
Thomas M. Frederiksen's new book, Intuitive IC Op Amps, explores the many uses and applications of different IC op amps. 
Frederiksen's detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning 
concepts of the op amp. Mr. Frederiksen's latest book is a vital aid to engineers, designers, and industry observers who need to 
stay abreast of the computer industry. 

LINEAR APPLICATIONS HANDBOOK-1986 
The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit applica­
tions using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 
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LINEAR SUPPLEMENT DATABOOK-1984 
Amplifiers • Comparators • Voltage Regulators. Voltage References. Converters • Analog Switches 
Sample and Hold • Sensors • Filters • Building Blocks • Motor Controllers. Consumer Circuits 
Telecommunications Circuits. Speech. Special Analog Functions 

LOGIC DATABOOK VOLUME 1-1984 
CMOS AC Switching Test Circuits and Timing Waveforms. CMOS Application Notes. MM54HC/MM74HC 
MM54HCT/MM74HCT. CD4XXX. MM54CXXX/MM74CXXX. LSIIVLSI 

LOGIC DATABOOK VOLUME 11-1984 
Introduction to Bipolar Logic • Advanced Low Power Schottky • Advanced Schottky • Low Power Schottky 
Schottky. TTL • Low Power 

MASS STORAGE HANDBOOK-1986 
Disk Interface Design Guide and User Manual. Winchester Disk Support. Winchester Disk Data Controller 
Floppy Disk Support • Drive Interface Support Circuits 

MEMORY SUPPORT HANDBOOK-1986 
Dynamic Memory Control • Error Checking and Correction • Microprocessor Interface and Applications 
Memory Drivers and Support 

MOS MEMORY DATABOOK-1984 
Standard Terminology. MOS Memory Cross Reference Guide • Dynamic RAMs • NMOS Static RAMs 
CMOS Static RAMs. EPROMs. EEPROMs. Military/Aerospace. Reliability 

THE NSC800 MICROPROCESSOR FAMILY DATABOOK-1985 
CPU • Peripherals • Evaluation Board • Logic Devices • MA2000 Macrocomponent Family 

SERIES 32000 DATABOOK-1985 
CPUs. Slave Processors. Peripherals. OEM Products. Development Tools. Software 

THE SWITCHED-CAPACITOR FILTER HANDBOOK-1985 
Introduction to Filters • National's Switched-Capacitor Filters • Designing with Switched-Capacitor Filters 
Application Circuits • Filter Design Program. Nomographs and Tables 

TRANSISTOR DATABOOK-1982 
NPN Transistors • PNP Transitors • Junction Field Effect Transistors. Selection Guides • Pro Electron Series 
Consumer Series. NAINB/NR Series. Process Characteristics Double-Diffused Epitaxial Transistors 
Process Characteristics Power Transistors • Process Characteristics JFETs • JFET Application Notes 

VOLTAGE REGULATOR HANDBOOK-1982 
Product Selection Procedures • Heat Flow & Thermal Resistance. Selection of Commercial Heat Sink 
Custom Heat Sink Design • Applications Circuits and Descriptive Information. Power Supply Design 
Data Sheets 

48-SERIES MICROPROCESSOR HANDBOOK-1980 
The 48-Series Microcomputers • The 48-Series Single-Chip System. The 48-Series Instruction Set 
Expanding the 48-Series Microcomputers • Applications for the 48-Series • Development Support 
Analog I/O Components • Communications Components • Digital I/O Components • Memory Components 
Peripheral Control Components 
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Understanding Integrated 
Circuit Package Power 
Capabilities 

INTRODUCTION 

The short and long term reliability of National Semiconduc­
tor's interface circuits, like any integrated circuit, is very de­
pendent on its environmental condition. Beyond the me­
chanical/environmental factors, nothing has a greater influ­
ence on this reliability than the electrical and thermal stress 
seen by the integrated circuit. Both of these stress issues 
are specifically addressed on every interface circuit data 
sheet, under the headings of Absolute Maximum Ratings 
and Recommended Operating Conditions. 

However, through application calls, it has become clear that 
electrical stress conditions are generally more understood 
than the thermal stress conditions. Understanding the im­
portance of electrical stress should never be reduced, but 
clearly, a higher focus and understanding must be placed on 
thermal stress. Thermal stress and its application to inter­
face circuits from National Semiconductor is the subject of 
this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known "bathtub" curve plotting fail­
ure rate versus time. Similar to all system hardware (me­
chanical or electrical) the reliability of interface integrated 
circuits conform to this curve. The key issues associated 
with this curve are infant mortality, failure rate, and useful 
life. 

INFANT 
MORTALITY 
(SHADED AREA) 

w n ~ 
EARLY LIFE USEFUL LIFE WEAROUT TIME 

TL/F/52BO-1 

FIGURE 1. Failure Rate vs Time 

Infant mortality, the high failure rate from time to to t1 (early 
life), is greatly influenced by system stress conditions other 
than temperature, and can vary widely from one application 
to another. The main stress factors that contribute to infant 
mortality are electrical transients and noise, mechanical 
maltreatment and excessive temperatures. Most of these 
failures are discovered in device test, burn-in, card assem­
bly and handling, and initial system test and operation. Al­
though important, much literature is available on the subject 
of infant mortality in integrated circuits and is beyond the 
scope of this application note. 

National Semiconductor Corp. 
Application Note 336 
Charles Carinalli 
Josip Huljev 

Failure rate is the number of devices that will be expected to 
fail in a given period of time (such as, per million hours). The 
mean time between failure (MTBF) is the average time (in 
hours) that will be expected to elapse after a unit has failed 
before the next unit failure will occur. These two primary 
"units of measure" for device reliability are inversely relat­
ed: 

MTBF = . 1 
Failure Rate 

Although the "bathtub" curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fail per-unit-time during the flat 
portion of the curve. This area, called the useful life, extends 
between t1 and t2 or from the end of infant mortality to the 
onset of wearout. The useful life may be as short as several 
years but usually extends for decades if adequate design 
margins are used in the development of a system. 

Many factors influence useful life including: pressure, me­
chanical stress, thermal cycling, and electrical stress. How­
ever, die temperature during the device's useful life plays an 
equally important role in triggering the onset of wearout. 

FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates and 
time and temperature is a well established fact. The occur­
rence of these failures is a function which can be represent­
ed by the Arrhenius Model. Well validated and predominant­
ly used for accelerated life testing of integrated circuits, the 
Arrhenius Model assumes the degradation of a performance 
parameter is linear with time and that MTBF is a function of 
temperature stress. The temperature dependence is an ex­
ponential function that defines the probability of occurrence. 
This results in a formula for expressing the lifetime or MTBF 
at a given temperature stress in relation to another MTBF at 
a different temperature. The ratio of these two MTBFs is 
called the acceleration factor F and is defined by the follow­
ing equation: 

F = X1 = exp [~ (..!.. _ ..!..) ] 
X2 K T2 T1 

Where: X1 = Failure rate at junction temperature T1 

X2 = Failure rate at junction temperature T2 

T = Junction temperature in degrees Kelvin 

E = Thermal activation energy in electron volts 
(ev) 

K = Boltzman's constant 
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However, the dramatic acceleration effect of junction tem­
perature (chip temperature) on failure rate is illustrated in a 
plot of the above equation for three different activation en­
ergies in Figure 2. This graph clearly demonstrates the im­
portance of the relationship of junction temperature to de­
vice failure rate. For example, using the 0.99 ev line, a 30° 
rise in junction temperature, say from 130°C to 160°C, re­
sults in a 10 to 1 increase in failure rate. 
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FIGURE 2. Failure Rate as a Function 
of Junction Temperature 

DEVICE THERMAL CAPABILITIES 

There are many factors which affect the thermal capability 
of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out of 
the integrated circuit package. This is illustrated by Figures 
3 and 4. 

Figure 3 shows a cross-sectional view of an assembled inte­
grated circuit mounted into a printed circuit board. 

Figure 4 is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit 

DEVICE LEAD 

flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack­
age material to the package lead frame to the printed circuit 
board and then to the ambient. The second path is from the 
package directly to the ambient air. 

Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in device 
thermal characteristics. However, grouping all these charac­
teristics into one equation determining the overall thermal 
capability of an integrated circuit/package/environmental 
condition is possible. The equation that expresses this rela­
tionship is: 

TJ = TA + Po (8JA) 

Where: T J = Die junction temperature 

T A = Ambient temperature in the vicinity device 

Po = Total power dissipation (in watts) 

8JA = Thermal resistance junction-to-ambient 

8JA, the thermal resistance from device junction-to-ambient 
temperature, is measured and specified by the manufactur­
ers of integrated circuits. National Semiconductor utilizes 
special vehicles and methods to measure and monitor this 
parameter. All interface circuit data sheets specify the ther­
mal characteristics and capabilities of the packages avail­
able for a given device under specific conditions-these 
package power ratings directly relate to thermal resistance 
junction-to-ambient or 8JA. 

Although National provides these thermal ratings, it is crit­
ical that the end user understand how to use these numbers 
to improve thermal characteristics in the development of his 
system using interface components. 

TL/F/52BO-3 

FIGURE 3. Integrated Circuit Soldered Into a Printed Circuit Board (Cross-Sectional View) 
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DETERMINING DEVICE OPERATING 
JUNCTION TEMPERATURE 

From the above equation the method of determining actual 
worst-case device operating junction temperature becomes 
straightforward. Given a package thermal characteristic, 
6JA, worst-case ambient operating temperature, T A(max) , 
the only unknown parameter is device power dissipation, 
Po. In calculating this parameter, the dissipation of the inte­
grated circuit due to its own supply has to be considered, 
the dissipation within the package due to the external load 
must also be added. The power associated with the load in 
a dynamic (switching) situation must also be considered. 
For example, the power associated with an inductor or a 
capacitor in a static versus dynamic (say, 1 MHz) condition 
is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal re­
sistance of 63°C/W is 108°C. 

T J = 70°C + (63°C/W) x (0.6W) = 108°C 

The next obvious question is, "how safe is 108°C?" 

MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 

What is an acceptable maximum operating junction temper­
ature is in itself somewhat of a difficult question to answer. 
Many companies have established their own standards 
based on corporate policy. However, the semiconductor in­
dustry has developed some defacto standards based on the 
device package type. These have been well accepted as 
numbers that relate to reasonable (acceptable) device life­
times, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, the 
maximum allowable junction temperature is 150°C. For 
these devices assembled in ceramic or cavity DIP pack­
ages, the maximum allowable junction temperature is 
175°C. The numbers are different because of the differenc­
es in package types. The thermal strain associated with the 
die package interface in a cavity package is much less than 
that exhibited in a molded package where the integrated 
circuit chip is in direct contact with the package material. 

Let us use this new information and our thermal equation to 
construct a graph which displays the safe thermal (power) 
operating area for a given package type. Figure 5 is an ex­
ample of such a graph. The end points of this graph are 
easily determined. For a 16-pin molded package, the maxi­
mum allowable temperature is 150°C; at this pOint no power 
dissipation is allowable. The power capability at 25°C is 
1.98W as given by the following calculation: 

° = TJ(max)-TA = 150°C-25°C = 198W 
Po @ 25 C 6JA 630C/W . 
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The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is re­
ferred to as the derating factor. 

. 1 
Derating Factor = --

6JA 
As mentioned, A'gure 5 is a plot of the safe thermal operat­
ing area for a device in a 16-pin molded DIP. As long as the 
intersection of a vertical line defining the maximum ambient 
temperature (70°C in our previous example) and maximum 
device package power (600 mW) remains below the maxi­
mum package thermal capability line the junction tempera­
ture will remain below 150°C-the limit for a molded pack­
age. If the intersection of ambient temperature and package 
power fails on this line, the maximum junction temperature 
will be 150°C. Any intersection that occurs above this line 
will result in a junction temperature in excess of 150°C and 
is not an appropriate operating condition. 
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FIGURE 5. Package Power Capability 
vs Temperature 

The thermal capabilities of all interface circuits are ex­
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25°C, reduce the 
package power capability stated by the derating factor 
which is expressed in mWrC. For our example-a 6JA of 
63°C/W relates to a derating factor of 15.9 mWrC. 

FACTORS INFLUENCING PACKAGE 
THERMAL RESISTANCE 

As discussed earlier, improving any portion of the two pri­
mary thermal flow paths will result in an improvement in 
overall thermal resistance junction-to-ambient. This section 
discusses those components of thermal resistance that can 
be influenced by the manufacturer of the integrated circuit. It 
also discusses those factors in the overall thermal resist­
ance that can be impacted by the end user of the integrated 
circuit. Understanding these issues will go a long way in 
understanding chip power capabilities and what can be 
done to insure the best possible operating conditions and, 
thus, best overall reliability. 



Ole Size 

Figure 6 shows a graph of our 16-pin DIP thermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases-this 
relates directly to having a larger area with which to dissi­
pate a given power. 

100 

w u_ 
90 ~ffi 

~Cii 
"':I: 80 ~"f5 
;~~ 

70 ce 0 • 

~~ 
I~ 

60 ~~ 

,,~ 
........ 

t"-
~ 

I"oo~ 

50 
2 3 4 5 6 7 8 910 

DIE SIZE (kMIL2) 

TLIF/52BO-6 

FIGURE 6. Thermal Resistance vs Ole Size 

Lead Frame Material 

Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 43 type lead 
frame-these are lead frame materials commonly used in 
the industry. Obviously the thermal conductivity of the lead 
frame material has a significant impact in package power 
capability. Molded interface circuits from National Semicon­
ductor use the copper lead frame exclusively. 
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FIGURE 7. Thermal Resistance vs 
Lead Frame Material 

Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a result 
of this, the graph of Figure 8 comes as no surprise. This 
compares the thermal resistance of our 16-pin package sol­
dered into a printed circuit board (board mount) compared 
to the same package placed in a socket (socket mount). 
Adding a socket in the path between the PC board and the 
device adds another stage in the thermal flow path, thus 
increasing the overall thermal resistance. The thermal capa­
bilities of National Semiconductor's interface circuits are 
specified assuming board mount conditions. If the devices 
are placed in a socket the thermal capabilities should be 
reduced by approximately 5% to 10%. 
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When a high power situation exists and the ambient temper­
ature cannot be reduced, the next best thing is to provide air 
flow in the vicinity of the package. The graph of Figure 9 
illustrates the impact this has on thermal resistance. This 
graph plots the relative reduction in thermal resistance nor­
malized to the still air condition for our 16-pin molded DIP. 
The thermal ratings on National Semiconductor's interface 
circuits data sheets relate to the still air environment. 
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FIGURE 9. Thermal Resistance vs Air Flow 

Other Factors 

A number of other factors influence thermal resistance. The 
most important of these is using thermal epoxy in mounting 
ICs to the PC board and heat sinks. Generally these tech­
niques are required only in the very highest of power appli­
cations. 

Some confusion exists between the difference in thermal 
resistance junction-to-ambient (OJA) and thermal resistance 
junction-to-case (8Jd. The best measure of actual junction 
temperature is the junction-to-ambient number since nearly 
all systems operate in an open air environment. The only 
situation where thermal resistance junction-to-case is impor­
tant is when the entire system is immersed in a thermal bath 
and the environmental temperature is indeed the case tem­
perature. This is only used in extreme cases and is the ex­
ception to the rule and, for this reason, is not addressed in 
this application note. 
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NATIONAL SEMICONDUCTOR 
PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Interface Circuits product family. 
Figure 10 is a composite of the copper lead frame molded 
package. Figure 11 is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, ther­
mal resistance trend will be noticed in these graphs. As the 
number of device pins increase in a DIP the thermal resist­
ance decreases. Referring back to the thermal flow chart, 
this trend should, by now, be obvious. 

RATINGS ON INTERFACE CIRCUITS DATA SHEETS 
In conclusion, all National Semiconductor Interface Prod­
ucts define power dissipation (thermal) capability. This infor­
mation can be found in the Absolute Maximum Ratings sec­
tion of the data sheet. The thermal information shown in this 
application note represents average data for characteriza­
tion of the indicated package. Actual thermal resistance can 
vary from ± 10% to ± 15% due to fluctuations in assembly 
quality, die shape, die thickness, distribution of heat sources 
on the die, etc. The numbers quoted in the interface data 
sheets reflect a 15% safety margin from the average num-
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FIGURE 10. Thermal Resistance vs Die Size 
vs Package Type (Molded Package) 

bers found in this application note. Insuring that total pack­
age power remains under a specified level will guarantee 
that the maximum junction temperature will not exceed the 
package maximum. 

The package power ratings are specified as a maximum 
power at 25°C ambient with an associated derating factor 
for ambient temperatures above 25°C. It is easy to deter­
mine the power capability at an elevated temperature. The 
power specified at 25°C should be reduced by the derating 
factor for every degree of ambient temperature above 25°C. 
For example, in a given product data sheet the following will 
be found: 

Maximum Power Dissipation· at 25°C 
Cavity Package 1509 mW 
Molded Package 1476 mW 

• Derate cavity package at 10 mW I'C above 25'C; derate molded package 
at 11,8 mW I'C above 25'C, 

If the molded package is used at a maximum ambient tem­
perature of 70°C, the package power capability is 945 mW. 

Po @ 70°C = 1476 mW-(11.8 mW/"C) X (70°C-25°C) 

= 945mW 
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FIGURE 11. Thermal Resistance vs Die Size 
vs Package Type (Cavity Package) 
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Small Outline (SO) Package 
Surface Mounting Methods­
Parameters and Their 
Effect on Product Reliabilty 
The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturazation 
and component density. 

COMPONENT SIZE COMPARISON 

5.0. Package 

_I 1-TYPICALLY 0.0511" LfADSPACING 

TLlF/8766-1 

Standard DIP Package 

-l 1- TYPICALLY 0.100" LEADSPACING 
TL/F/8766-2 

Because of its small size, reliability of the product assem­
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro­
duction under the condition that they be of comparable reli­
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo­
lar and 15V CMOS product assembled in SO and DIP (con­
trol) packages. 

o 

V+ = 15VCMOS 
30V BIPOLAR 
85%RH/850 C 
TEST CONDITION 

2000 4000 

DIP 

6000 

TEST TIME (HRS) 

FIGURE A 
TL/F/8766-3 

National Semiconductor Corp. 
Application Note 450 
Josip Huljev 
W. K. Boey 

In order to achieve reliability performance comparable to 
DIPs-SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85%RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder­
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera­
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 

• Single-sided boards, surface-mounted components only. 

• Single-sided boards, mixed-lead inserted and surface­
mounted components. 

• Double-sided boards, surface-mounted components only. 

• Double-sided boards, mixed-lead inserted and surface-
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad­
hesive applications, along with the commonly-used vapor­
phase solder reflow soldering technique. 

PRODUCTION FLOW 

Basic Surface-Mount Production Flow 
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Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 

TLlF/B766-5 

Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering proc­
ess. (Only leads of the package are immersed into the mol­
ten solder). 
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FIGUREB 

Figure C is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 
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Group 1 - Standard DIP package 

Group 2 - SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 

Group 3 - dwell time 2 seconds 

4 - dwell time 4 seconds 

5 - dwell time 6 seconds 

6 - dwell time 10 seconds 

2000 4000 6000 

TEST Tlt.lE (HRS) 
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FIGUREC 

It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow proc­
ess have the best long term bias moisture performance and 
this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre­
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend­
ed. 

PICK AND PLACE 

The choice of automatic (all generally programmable) pick­
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 

The basic component-placement systems available are 
classified as: 

(a) In-line placement 

- Fixed placement stations 

- Boards indexed under head and respective compo-
nents placed 

(b) Sequential placement 

- Either a X-V moving table system or a 8, X-V moving 
pickup system used 

-Individual components picked and placed onto boards 

(c) Simultaneous placement 

- Multiple pickup heads 

- Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

- X-Y moving table, multiple pickup heads system 

- Components placed on PCB by successive or simulta-
neous actuation of pickup heads 



The SO package is treated almost the same as surface­
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 

TLIF/8766-8 

BAKE 

This is recommended, despite claims made by some solder 
paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur­
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur­
face-mounted board is held upside down going into a va­
por-phase reflow soldering operation. 

• Removes solvents which might otherwise contaminate 
other equipment. 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 

The process is moreover very simple. The usual schedule is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea­
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

• Solder globules will begin to oxidize and cause solderabili­
ty problems. 

• The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 

There are various methods for reflowing the solder paste, 
namely: 

• Hot air reflow 

• Infrared heating (furnaces) 

• Convectional oven heating 
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• Vapor-phase reflow soldering 

• Laser soldering 
For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va­
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
"hot spots" in the oven and uneven melting may result. La­
ser soldering is more for specialized applications and re­
quires a great amount of investment. 

HOT GAS REFLOWIINFRARED HEATING 

A hand-held or table-mount air blower (with appropriate ori­
fice mask) can be used. 

The boards are preheated to about 100°C and then subject­
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper­
ties of passive components. 

Use of an infrared furnace is the next step to automating the 
concept, except that the heating is promoted by use of IR 
lamps or panels. The main objection to this method is that 
certain materials may heat up at different rates under IR 
radiation and may result in damage to these components 
(usually sockets and connectors). This could be minimized 
by using far-infrared (non-focused) system. 

VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method, vapor­
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol­
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

• FC-?O, 215°C vapor (most applications) or FX-38 

• FC-?1, 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

• Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

• In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con­
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 

The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 

In-Line Conveyorlzed Vapor-Phase Soldering 
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from room temperature to 215°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack­
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 

Vapor-Phase Furnace 

TLIF /8766-10 

Batch-Fed Production Vapor-Phase Soldering Unit 

SECONDARY 
COILS 

PRIMARY COl 

TLIF/8766-11 

PRINTED CIRCUIT BOARD 

The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

• G10 or FR4 glass/resin 

• FR5 glass/resin systems for high-temperature 
applications 
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Solder Joints on a SO-14 Package on PCB 

TL/F/8766-12 

Solder Joints on a 50-14 Package on PCB 

• Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

TL/F/8766-13 

General requirements for printed circuit boards are: 

• Mounting pads should be solder-plated whenever 
applicable. 



• Solder masks are commonly used to prevent solder bridg­
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

- Good pattern resolution. 

- Complete coverage of circuit lines and resistance to 
flaking during soldering. 

- Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

- Compatible with soldering and cleaning requirements. 

SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 

The typical lithographic "footprints" for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 
common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com­
ponents. Recommended working specifications are: 

• Use stainless-steel, wire-mesh screens, # 80 or # 120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver­
age particle size of paste material. 

• Use squeegee of Durometer 70. 

• Experimentation with squeegee travel speed is recom­
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

• Snap-off height of screen should not exceed Va" , to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 

Selection of solder paste tends to be confusing, due to nu­
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see photographs below). Mesh 325 (ap­
proximately 45 microns) should be used for general pur­
poses, while larger (solder globules) particles are pre­
ferred for lead less components (LCC). The larger particles 
can easily be used for SO packages. 

• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
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amount of elongation (visual under 100/200 x magnifica­
tion). Uneven distribution causes uneven melting and sub­
sequent expulsion of smaller solder balls away from their 
proper sites. 

• Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

• RMA flux system usually used. 

• Use paste with aproximately 88-90% solids. 

RECOMMENDED SOLDER PADS FOR SO PACKAGES 

so-a, 50-14, 50-16 

0.045" :!: 0.005" 

-) •••• ~ 
0.245" 0.160" L •••• ~05" 

0.030" :!:O.OOS" --l 1- -l l-o.oso"TYP 
TL/F/6766-14 

SO-16L,SO-20 

042[· • • ~325":"05" 
J 

• ••• 

0045" 
:!:O 005" 

- t 
0.030" :!: 0.005" ~ 1- --l 1-0.050" TYP 

TL/F/6766-15 

SOT-23 

0.030" :to.oos"l 1-

,J M," !""i- ,.",. 
l.ITY.~". 

TL/F/6766-16 
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Comparison of Particle SlzelShape of VarIous Solder Pastes 

200 x Alpha (62136/2) 200 x Kester (63/37) 

TL/F/8766-17 TL/F/8766-18 

Solder Paste Screen on Pads 200 x Fry Metal (63137) 

TL/F/8766-19 TL/F/8766-20 
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Comparison of Particle Size/Shape of 
Various Solder Pastes (Continued) 

200 ESL (63/37) 

TL/F/8766-21 

CLEANING 

The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. Solvents commercially available are: 

Freon TMS (general purpose) 
Freon TE35/TP35 (cold-dip cleaning) 
Freon TES (general purpose) 

It should also be noted that these solvents generally will 
leave the substrate surface hydrophobic (moisture repel­
lent), which is desirable. 

Prelete or 1,1,1-Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub­
jected to a solvent vapor, followed by a rinse in pure sol­
vent and a high-pressure spray lance are the basic requir­
ments for low-volume production. 

• For volume production, a conveyorized, multiple hot sol­
vent spray/jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet­
ic flux (SA flux), which is readily soluble in Freon TMS 

9-35 

solvent, has been developed. This should be explored 
where permissible. 

The dangers of an inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres­
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 

Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap­
propriate orifice masking to protect surrounding compo­
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 
lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 

Hot-Air Solder Rework Station 

RETRACT POSITION 

- - - ....--------. , / 

HEAT SHIELO 

HOT AIR-

MAS@K 

/'/' 0 
/' . 

--
BOARO ON x-v TABLE 

TL/F/8766-22 

Hot-Air Rework Machine 

TLIF/8766-23 

WAVE SOLDERING 

In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 
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Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo­
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack­
age. The adhesive is cured and then proceeded to auto­
insertion on the reverse side of the board (surface-mount­
ed side facing down). The assembly is then passed over a 
"dual wave" soldering system. Note that the surface­
mounted components are immersed into the molten sol­
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com­
ponents and semiconductor devices. 

• RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un­
like solder paste, which is more or less localized). Non­
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 100°C just before entering the solder wave. 

• Due to the closer lead spacings (0.050" vs 0.100" for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes "shadowing" of some areas, resulting in poor sol­
der coverage. This is minimized by dual-wave solder sys­
tems. 

A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu­
lence and given a transverse motion (across the motion of 
the board). This covers areas where "shadowing" occurs. A 
second wave (usually a broad wave) then proceeds to per­
form the standard soldering. The departing edge from the 
solder is such to reduce "icicles," and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

Mixed Surface Mount and Lead Insertion 

(a) Same Side 

t t t t - PREHEAT 

FOAM FLUXER 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is often 
used with a heated reCirculating spray wash (water tem­
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast-

ADHESIVE 

/\ R\£2:yn:5!i' 
(b) Opposite Sides 

SOLDER FLOW 

TL/F/8766-24 

drying SOlvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 

• Neutralizing agents which will react with the corrosive ma­
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 
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• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 

Dual Wave 

TL/F/8766-25 

CONFORMAL COATING 

Conformal coating is recommended for high-reliability PCBs 
to provide insulation resistance, as well as protection 
against contamination and degradation by moisture. 

Requirements: 

• Complete coating over components and solder joints. 

• Thixotropic material which will not flow under the pack­
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

• Compatibility and possess excellent adhesion with PCB 
material/ components. 

• Silicones are recommended where permissible in 
application. 

SMD Lab Support 
FUNCTIONS 

Demonstration-Introduce first-time users to surface­
mounting processes. 

Service-Investigate problems experienced by users on 
surface mounting. 

Reliability Builds-Assemble surface-mounted units for re­
liability data acquisition. 

Techniques-Develop techniques for handling different 
materials and processes in surface mounting. 

Equipment-In conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 

In-House Expertise-Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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(3.683 - 5.080) 

D.843-D.870 ~ 
D.D9D I (21.41-22.10) 

0.D92 (2.286) __ (2.337)~'M ~ " " " .. , -, 

DlA NOM D 25D +D DDS (2X) Q . ___ . 
PIN NO. , IDE.T ~ e I.:!:J ''::i . .tZ11 

8 

~ (~:~~~) ~ D.D3D 
MIN (D.762) 

D.30D-D.32D MAX 

(7.620-8.128! U 

f4 1 0.032±0.005 

(0.813 to.127) 
RAD 

'-PIN NO.lIDENT 
1 2 

OPTIONS 2,3 

N14AIREV 01 

tc_or 
95°±5° D.DD9-D.DI5 'J 

(0.229-0.381) I J I I D D75 ±0.DI5 r- i2f YP (0.5D8) I_~ II D.DI8 ±D.DOl 0.125-D.14D MIN 
'+D.D4D" (1:905 ±D.381) 
0.325 -D.DI5 D.l DO ±0.010 

( 255 +1.016) (2.540 ±D.2S4) 8. -0.381 

~ r-10.""'.0761 )3.1 15-'."61 

N16AIREV EI 

NS Package N 16A 

9-48 



0.092 X 0.030 0.090 I" 
(2.336) (0.762)~2.286)--

NOM MAX NO 
DEEP (2 PLCS) M 18 ==r==~~~~JillJ 

~
0'28o~ (1.112) 
MIN 

0.300-0.320 

I r:o

-:,,; I 

~ 
I.. I 

0.325 +0.040 .. 
-0.015 

(8.255 +1.016) 
~ -0.381 

~(~:~~~)~ MIN 

a 

PIN NO.1IDENT 

0.065 

(1.651) , 
1 0.025 ±0.015 

(0.635 !0.3811
o
.
lOo 

l:o J 
(2.540 ±0.254) 

TYP 

1--11-- 0.018 ±0.003 I-- (0.451 ±0.016) 

NS Package N18A 

___ 1.013-1.040 
(25.73-26.42) ---

1 

(0.229-0.254) 

0.060 ±o 005 I 0.100 io.oto I 
I 

TYP 

0.325 +0.040 (1.524 to: 127) f-- (2.540,0.254)-1 

-0.015 

(S.255 +1.016) 
~ -0.381 

NS Package N20A 

9-49 

I 
0.020 

(0. 50S) 
MIN 

N18A (REV E) 

0.032 io.005 

(0'813±0"27)~O 19 
RAO 

PIN NO. tIOENT~ 

1 

OPTION 2 

N20A IREVFI 



U) 
c 
o 

"iii 
c 
CI) 

E 
is 
m 
u 

"iii 
>­.c 
D. 

1.093-1.120 ~ 
(27.76-28.45) 

18 17 16 15 14 13 12 

r 
0.350 ±0.005 

(8.890 ±0.127) 

0.062 
RAD (1.575) 

PIN NO.1 
IDENT 

~~~;;::::;:=;::::;~~r.::rI~ 
0.400-0.420 

(10.160-10.668) 

0.380 

- (9.652) - 0.030 
MIN (0.762) 

0.009-0.015 T I 
(0.229-0.381) ~ k 

0.050 ±0.015 

(1.270 ±0.38U 

NS Package N22A 

0.062 

(1.575) 
RAD 

PIN NO.1 IDENT 

(14.73) 0.030 

z 
DOTTED OUTLINES 

REFLECT ALTERNATE 

MIN -(0.-76-2) 0.075 

1.243-1.270 
(31.57-32.26) 

N22A{REVDI 

r: 0.580 ~ MOLDED BODY CONFIGURATION 

0.600-0.620 MAX (1.905) IF (15.24-15.748) ~ rT"'I---~H--------'''';';'''-H--.,..,---t------J. 

95°±5° 

0.625 ~~:~~~ 
I---(15 875 +0.635)-l 

. -0.381 

N24A{REVEI 

NS Package N24A 

9-50 



0.009-0.015 
(0.229-0.381) 

0.325 ~~:~~~ 
(8255 + 1.016) 
\' . -0.381 

-1------1 

0.03~~ MAX I 0.600-0.620 -1 
".'1=R='''.''-'W' ~ I 

0.580 

(14.73) MIN=:j 

0625 +0.025 
_. -0.015 

(15 88 + 0.635) 
. -0.381 

0.092 
(2.337) 
(2 PLS) 

PIN NO.1 
IDENT 

1--------- 1.243-1.270 _______ ---"1 
(31.57 - 32.26) 

MAX 

--r 
0.260±0.00S 

(6.604±0.127) 

~~~~~~~~~~~ 

-r-J 0.065 
(1.651) 

0.075 ±0.015 I 
(1.905±0.381) f-

NS Package N24C 

~ _______ 1.393-1.420 _______ _ 

(35.38-36.07) 

NS Package N28B 

9-51 

N24C(REV F) 

0.125-0.145 
(3.175-3.683) 

N288(AEVE) 



U) 
c 
o 

"iii 
c 
(1) 

E 
C 
(ij 
(.) 

"iii 
>­.r::: 
D. 

2.043-2.070 I /-------------(51.89-S2.S8)-----------·..; 

21 

0.062 
(1.575) 

RAD 
1 CB e 0.550 ±O.OOS 

~M=r.r~~~~~=r.rT~~~~~~~~~ffi=~+~=T.~~~~~··'v' PIN NO.1 10ENT 

r~:-l (~i~3) ~ 
(0.762) 

1tJ=~~AX I (15.240-1S.748) 

P = ~ 9S.i5. 0.009-0.015 

+0.025 (0.229-0.381) 

f-- 0.625 -0,015 I 0.075 ±0.015 

-(15875+0.63S)~(1.90SiO.381) 
. -0.381 

4 SPACES AT 
0.050 

(1.270) 

NS Package N40A 

0.080 
18 ....L-........... L..rL.J (2.032) 

~ 
OIANoM 

PEOESTAL 

14--.----.... ... ~ 
4 SPACES AT 

0.050 
(1.270) 

0.226 
(5.740) 

NOM 
SQUARE 

(~:~;~=~:~~~) ~ 
(CONTACT DIMENSION) 

l 
-'0:.:..::.0;.;,;13;;..,,-......::0:.:..::.0;.;,;18:... 
(0.330 -0.457) 

0.026-0.032 I TYP 
(0.660-0.813)"- ~ 

• TYP (0.508) 

0.005-0.015 J f== - -- - - MIN 
0.032-0.040 

(0.127-0.381) (0.813-1.016) 

PIN NO.1 
IO-ENT 0.385-0.395 

(9.779-10.03) 
SQUARE 

0.165-0.180 
(4.191-4.572) 

NS Package V20A 

9-52 

N.aA(REVE) 

0.04if5 (1.143) 
x45° 

~ 
15 0 VIEWA·A 

V20A(REV J) 



0.050-0.080 
(1.270-2.032) 

0.004 - 0.006 
(0.102 -0.152) 

0.020 - 0.035 
(0.508-0.889) L 

0.165-0.180 
(4.191- 4.572) 

t t 

t t~ 
(2.642 - 2.997) 

""0 
:::T 
'< en 
n" 
e!-
O 
3" 
(1) 
::::J 
en 
0" 
::::J 

VIEW A-A en 

o~J!, 
(1.143) 
x45" 

V28A(REVG) 

NS Package V28A 

0372-0.385 
(9.449-9.779) -~----~ 

0.045 1-1 
(1.~~-- I 

0.050±0.005 
i--r- (1.27o±0.127) 

0.25010.370 

--If-~1~4~13~1~2~11~1~O~9~' ~9.398J 
0.280 MAX ) 0.245-0.255 

(7.112) GLASS (6.223-6.477) 

___ JL-~~·nT2~3~4~5~6~7 ------l 
PINNO.~/ t 

IDENT 0.250-0.370 

0.015-0.019 --11-­
(0.381-0.483) 

TYP 

NS Package W148 

9-53 

(6.350 ~9.398) 

I 0.005 
- t--(0.127) MIN 

W14B(REV 0) 



NOTES 



NATIONAL SEMICONDUCTOR CORPORATION 
AUTHORIZED DISTRIBUTORS 

ALABAMA Sunnyvale ILLINOIS 
Huntsville Bell Industries Bensenville 

Hall·Mark (408) 734·8570 Hamilton/ Avnet 
(205) 837·8700 Hamilton! Avnet (312) 860·7780 
Hamilton! Avnet (408) 743·3355 Chicago 
(205) 837·7210 Thousand Oaks Bell Industries 
Pioneer Bell Industries (312) 982·9210 
(205) 837·9300 (805) 499·6821 Elk Grove Village 
Schweber Tustin Pioneer 
(205) 882·2200 Hall·Mark (312) 952·8440 

ARIZONA (714) 669·4700 Schweber 

Phoenix COLORADO (312) 364·3750 

Schweber Englewood Wood Dale 

(602) 997·4874 Anthem Electronics Hall·Mark 

Tempe (303) 790·4500 (312) 860·3800 

Anthem Electronics Hamilton! Avnet INDIANA 
(602) 966·6600 (303) 779·9998 Carmel 
Hamilton! Avnet Schweber Hamilton! Avnet 
(602) 231·5100 (303) 799·0258 (317) 844·9333 

CALIFORNIA Wheatridge Indianapolis 

Canoga Park Bell Industries Advent 

Hall·Mark (303) 424·1985 (317) 872·4910 

(818) 716·7300 CONNECTICUT Pioneer 

Schweber Danbury (317) 849·7300 

(818) 999·4702 Hamilton! Avnet IOWA 
Chatsworth (203) 797·2800 Cedar Rapids 

Anthem Electronics Schweber Advent Electronics 
(818) 700·1000 (203) 748·7080 (319) 363·0221 
Avnet Electronics Meridian Bell Industries 
(818) 700·8668 Lionex Inc. (319) 395·0730 
Hamilton Electro Sales (203) 237·2282 Hamilton! Avnet 
(818) 700·6050 Norwalk (319) 362·4757 

Citrus Heights Pioneer Northeast Schweber 
Hall·Mark (203) 853·1515 (319)373·1417 
(916) 722·8600 FLORIDA KANSAS 

Costa Mesa Altamonte Springs Lenexa 
Avnet Electronics Pioneer Hall·Mark 
(714) 754·6050 (305) 834·9090 (913) 888·4747 
Hamilton Electro Sales Schweber Overland Park 
(714) 641·4159 (305) 331·7555 Hamilton/ Avnet 

Culver City Clearwater (913) 888·8900 
Hamilton Electro Sales Hall·Mark Schweber 
(213) 558·2121 (813) 530·4543 (913) 492·2921 

Garden Grove Deerfield 
Bell Industries MARYLAND 

Pioneer Columbia (714) 895·7801 (305) 428·8877 Hall·Mark Gardena Ft. Lauderdale (301) 988·9800 
Bell Industries Hamilton/ Avnet 
(213) 515·1800 Hamilton/ Avnet 

(305) 971·2900 (301) 995·3500 Irvine Hollywood 
Anthem Electronics Gaithersburg 

Schweber Pioneer Washington (714) 768·4444 (305) 927·0511 
Schweber (301) 921·0660 

Orlando Schweber (714) 863·0200 Hall·Mark (301) 840·5900 Roseville 
Bell Industries 

(305) 855·4020 
MASSACHUSETTS 

(916) 969·3100 
Pompano Beach 

Bedford 
Hall·Mark 

Sacramento (305) 971·9280 Schweber 

Hamilton! Avnet Winter Park (617) 275·5100 
(916) 925·2216 Hamilton·Avnet 

Billerica 

Schweber (305) 628·3888 Hall·Mark 

(916) 929·9732 (617) 935·9777 
San Diego GEORGIA Lexington 

Anthem Electronics 
Norcross Pioneer Northeast 

(619) 279·5200 Hall·Mark (617) 861·9200 
Hamilton/ Avnet (404) 447·8000 Wilmington 

(619) 571·7510 Hamilton·Avnet Lionex 

San Jose (404) 447·7500 (617) 657·5170 
Anthem Electronics Pioneer Woburn 

(408) 946·8000 (404)448·1711 Hamilton/ Avnet 

Hall·Mark Schweber (617) 273·7500 
(408) 946·0900 (404) 449·9170 

Schweber 
(408) 946·7171 

MICHIGAN 
Grand Rapids 

Hamilton/ Avnet 
(616) 243·8805 
R·M Michigan 
(616) 531·9300 

Livonia 
Hamilton! Avnet 
(313) 522·4700 
Pioneer 
(313) 525·1800 
Schweber 
(313) 525·8100 

MINNESOTA 
Bloomington 

Hall·Mark 
(612) 854·3223 

Edina 
Schweber 
(612) 941·5280 

Minnetonka 
Hamilton! Avnet 
(612) 932·0600 
Pioneer 
(612) 935·5444 

MISSOURI 
Earth City 

Hamilton/ Avnet 
(314) 344·1200 
Schweber 
(314) 739·0526 

Maryland Heights 
Hall·Mark 
(314) 291·5350 

NEW HAMPSHIRE 
Manchester 

Hamilton/ Avnet 
(603) 624·9400 
Schweber 
(603) 625·2250 

NEW JERSEY 
Cherry Hill 

Hall·Mark 
(609) 424·7300 
Hamilton! Avnet 
(609) 424·0100 

Fairfield 
Hall·Mark 
(201) 575·4415 
Hamilton/ Avnet 
(201) 575·3390 
Lionex 
(201) 227·7960 
Schweber 
(201) 227·7880 

Pine Brook 
Pioneer Northeast 
(201) 575·3510 

NEW MEXICO 
Albuquerque 

Alliance Electronics 
(505) 292·3360 
Bell/Century 
(505) 292·2700 
Hamilton! Avnet 
(505) 765·1500 



NATIONAL SEMICONDUCTOR CORPORATION 
AUTHORIZED DISTRIBUTORS (Continued) 

NEW YORK Dayton Austin 
Buffalo Belli ndustries Hall-Mark 

Summit Distributors (513) 435-8660 (512) 258-8848 
(716) 887-2800 Hamilton! Avnet Hamilton! Avnet 

East Syracuse (513) 439-6700 (512) 837-8911 
Hamilton! Avnet Pioneer Pioneer 
(315) 437-2642 (513) 236-9900 (512) 835-4000 

Fairport Highland Heights Quality Components 
Pioneer CAM!OHIO (512) 835-0220 
(716) 381-7070 (216) 461-4700 Schweber 

Hauppauge Solon (512) 458-8253 
Hamilton! Avnet Hall-Mark Dallas 
(516) 434-7413 (216) 349-4632 Hall-Mark 
Lionex Westerville (214) 553-4300 
(516) 273-1660 Hall-Mark Pioneer 

Rochester (614) 891-4555 (214) 386-7300 
Hamilton! Avnet OKLAHOMA Schweber 
(716) 475-9130 Tulsa (214) 661-5010 
Schweber Hall-Mark Houston 
(716) 424-2222 (918) 665-3200 Hall-Mark 
Summit Electronics Quality Components (713) 781-6100 
(716) 334-8110 (918) 664-8812 Hamilton! Avnet 

Ronkonkoma Radio Inc. (713) 780-1771 
Hall-Mark (918) 587-9123 Pioneer 
(516) 737-0600 Schweber (713) 988-5555 

Vestal (918) 622-8000 Schweber 
Pioneer 

OREGON 
(713) 784-3600 

(607) 748-8211 Irving 
Westbury Beaverton 

Hamilton! Avnet 
Hamilton! Avnet Almac Electronics 

(214) 659-4151 
(516) 997-6868 (503) 641-9070 

Sugarland 
Schweber Lake Oswego 

Quality Components 
(516) 334-7474 Anthem Electronics (713) 491-2255 

Woodbury 
(503) 684-2661 
Bell Industries UTAH 

Pioneer 
(516) 921-8700 (503) 241-4115 Salt Lake City 

Hamilton! Avnet Anthem Electronics 
NORTH CAROLINA (503) 635-7850 (801) 973-8555 

Charlotte 
PENNSYLVANIA 

Bell Industries 
Pioneer 

Horsham 
(801) 972-6969 

(704) 527-8188 
Lionex 

Hamilton! Avnet 
Raleigh 

(215) 443-5150 
(801) 972-4300 

Hall-Mark 
Pioneer WASHINGTON 

(919) 872-0712 
(215) 674-4000 Bellevue 

Hamilton! Avnet 
Schweber Hamilton! Avnet 

(919) 878-0810 
(215) 441-0600 (206) 453-5844 

Schweber 
Pittsburgh Redmond 

(919) 876-0000 
CAM!RPC Anthem Electronics 

OHIO (412) 782-3770 (208) 881-0850 
Beechwood Pioneer Seattle 

Schweber (412) 782-2300 Almac Electronics 
(216) 464-2970 Schweber (206) 643-9992 

Cleveland (412) 782-1600 WISCONSIN 
Hamilton! Avnet 

TEXAS Brookfield 
(216) 831-3500 

Addison Schweber 
Pioneer (414) 784-9020 
(216) 587-3600 Quality Components 

(214) 733-4300 

Milwaukee 
Taylor Electric Co. 
(414) 241-4321 

New Berlin 
Hall-Mark 
(414) 761-3000 
Hamilton! Avnet 
(414) 784-4516 

Waukesha 
Bell Industries 
(414) 547-8879 

CANADA 
Western Provinces 

Calgary 
Hamilton! Avnet 
(403) 230-3586 
Zentronics 
(403) 272-1021 

Edmonton 
Zentronics 
(403) 463-3014 

Richmond 
Zentronics 
(604) 273-5575 

Winnipeg 
Zentronics 
(204) 775-8661 

Eastern Provinces 
Brampton 

Zentronics 
(416) 451-9600 

Doval 
Semad 
(514) 636-4614 

Markham 
Semad 
(416) 475-8500 

Missisauga 
Hamilton! Avnet 
(416) 677-7432 

Nepean 
Hamilton! Avnet 
(613) 226-1700 

Ottawa 
Semad 
(613) 729-6145 
Zentronics 
(613) 238-6411 

St. Laurent 
Zentronics 
(514) 735-5361 

Waterloo 
Zentronics 
(519) 884-5700 



SALES OFFICES AND REPRESENTATIVES 

ALABAMA GEORGIA MISSOURI PENNSYLVANIA 
Huntsville Atlanta Kansas City Flo Washington 

New Interep Associates National Semiconductor National Semiconductor National Semiconductor 
(205) 533-1730 (404) 393-2626 (816) 941-3537 (215) 643-4910 

Mobile Action Component Sales Raytown Huntingdon Valley 
New Interep Associates (404) 393-9494 Cen Tech Omega Electronic Sales 
(205) 478-1036 ILLINOIS (816) 358-6100 (215) 947-4135 

ARIZONA Schaumburg Bridgeton TENNESSEE 
Temple National Semiconductor Cen Tech Knoxville 

National Semiconductor (312) 397-8777 (314) 291-4230 Action Component Sales 
(602) 966-4563 Arlington Heights NEW JERSEY (615) 694-0140 

Phoenix Delta Technical Sales Paramus TEXAS 
Desert Technical Sales (312) 253-9440 National Semiconductor Richardson 
(602) 244-0735 INDIANA (201) 599-0955 National Semiconductor 

CALIFORNIA Carmel NEW MEXICO (214) 690-4552 
Santa Clara National Semiconductor Albuquerque Interactive Component 

National Semiconductor (317) 643-7160 Reptronix, Inc. Sales 
(408) 730-3054 Indianapolis (50S) 292-1718 (214) 669-4031 
Bay Tech Sales Advanced Component Sales NEW YORK Austin 
(408) 730-3009 (317) 545-6441 Fairport National Semiconductor 

Roseville Fort Wayne National Semiconductor (512) 339~7555 
Bay Tech Sales Advanced Component Sales (716) 425-1356 Interactive Component 
(916) 969-5577 (219) 464-0722 Syracuse Sales 

Woodland Hills IOWA Electra Sales Corp. (512) 451-0201 
National Semiconductor Cedar Rapids (31S) 463-1248 Houston 
(616) 868-2602 Stan Clothier Company Rochester Interactive Component 

Encino (319) 395-0245 Electra Sales Corp. Sales 
Great American Rep. Co. 

MARYLAND (716) 461-5252 (713) 270-6141 
(618) 990-4870 

Hanover Poughkeepsie UTAH 
Irvine 

National Semiconductor National Semiconductor Salt Lake City 
National Semiconductor 

(301) 796-6900 (914) 473-8630 Skyline Technical Sales 
(714) 250-1440 

Glen Burnie Melville (601) 261-5402 
Santa Ana 

TRIMARK, Inc. Parallax Sales WASHINGTON Great American Rep. Co. 
(301) 761-6000 (516) 351-1000 Bellevue (714) 954-0371 

San Diego MASSACHUSETTS NORTH CAROLINA National Semiconductor 

National Semiconductor Burlington Durham (206) 453-9944 

(619) 279-0724 National Semiconductor National Semiconductor Meritech, Inc. 

COLORADO (617) 273-3170 (919) 663-2676 (206) 454-4600 

Englewood Lexington Cary WISCONSIN 

National Semiconductor AID Systems Sales, Inc. Engineering Devices Corp. Milwaukee 

(303) 790-6090 (617) 661-6371 (919) 469-9323 Delta Technical Sales 

Aurora MICHIGAN OHIO (414) 527-3800 

Skyline Technical Sales W. Bloomfield Highland Heights CANADA 

(303) 360-0955 National Semiconductor National Semiconductor Mississauga 

CONNECTICUT (313) 855-0166 (216) 461-0191 National Semiconductor 

Ridgefield MINNESOTA 
Micro-Tec, Inc. (416) 676-2920 

National Semiconductor Bloomington 
(216) 442-1555 Brampton 

(203) 431-6182 National Semiconductor 
Dayton Canadian Micro Sales 

National Semiconductor (416) 453-9121 Fairfield (612) 654-8200 
(513) 435-6666 

NRG Limited Minneapolis Lachine 
Micro-Tec, Inc. Canadian Micro Sales (203) 384-1112 Stan Clothier Company 
(513) 435-0644 (514) 636-6525 

FLORIDA (612) 944-3456 
Columbus Nepean 

No. Miami Beach Micro-Tec, Inc. Canadian Micro Sales 
National Semiconductor (614) 451-2400 (613) 596-0411 
(305) 947-0031 OREGON PUERTO RICO SI. Petersburg Beaverton Puerto Nuevo aXI Meritech, Inc. National Semiconductor (613) 621-2261 (503) 644-0304 (809) 792-9110 Boca Raton 
aXI 
(305) 392-2626 

------_ ....... _-_ .. _ ... _-------. __ .-._-----
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