






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The transient power is due to the current that flows only during the time the transistors are switching from one logic 
level to the other. During this time both transistors are partially on (one turning off, the other turning on), which produces 
a !ow-impedance path between Vee and ground and results in a current spike. The rise (and fall) time of the input signal 
has a direct effect on the duration of the current spike. This is because the faster the input signal goes through the transition 
region, the less time both transistors are partially on. The transient power is dependent on the characteristics of the transistors, 
the switching frequency, and the rise time of the input signal. This component can be calculated using the following equation: 

where 
Cpd = power dissipation capacitance (specified on each data sheet) 

Vee = supply voltage 
fj = input signal frequency 

Additional capacitive power dissipation is caused by the charging and discharging of the external load capacitance and 
is dependent on the switching frequency. To calculate this power, the following equation may be used: 

where 
CL = external (load) capacitance 

Vee = supply voltage 
fo = output signal frequency 

'BCT POWER DISSIPATION 

'BCT devices are primarily used to interface TTL output signals to high-speed CMOS inputs. To make the inputs of 
the 'BCT devices TTL-voltage compatible, the input transistor geometries were changed. This increased the power consumption 
compared to the equivalent 'HC device, however 'BCT still provides a considerable savings in power over TTL. The increase 
in power consumption is due to the fact that the TTL input levels cause both transistors in the transistor pair to be partially 
turned on. Included in the dc tables for 'BCT devices (Tables V through VIII in Section 2) is a parameter �~�C�c�,� which 
enables the designer to compute how much additional current the 'HCT device draws per input when at a TTL voltage level. 

Power Supply Decoupling 

When an SN54BC174BC gate switches, there is a brief period (on the order of a nanosecond) during which both transistors 
in the gate output buffer (Figure 19) are partially on. In this interval, the device draws a substantial supply current, producing 
a current spike on the Vee and ground leads to the gate. This spike may exhibit dildt as high as 5000 A/s. These spikes 
will react with the distributed inductance of the supply wiring to produce significant voltage transients on Vee and ground 
unless adequate supply decoupling is provided. These transients, if allowed, will couple directly into the gate outputs, which 
in normal usage switch from rail-to-rail. 

Figure 19. Gate Output Buffer 
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DECOUPLING PROCEDURE 

Figure 20 illustrates a circuit for testing the effectiveness of decoupling. In this test circuit, the Vee and ground connections 
consist of two parallel runs of one-eighth inch copper on a 0-10 epoxy-glass circuit board. As a O.OI-fLF decoupling capacitor 
between Vee and ground is physically moved away from a driven gate in 1.5-inch increments, Vee transients increase as 
shown in Figure 21. 
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I Vcc=5V 

..L ..,... 
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Figure 20. Test Circuit for Decoupling Effects 

TYPICAL POWER SUPPLY DECOUPLING 
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Figure 21. VCC Transients vs Decouplbig Capacitor DIstance from DIP 

5' The rtlsults indicate the importance of adequate decoupling, and illustrate the correct procedure for obtaining it. This 
0' procedure consists oflocating decoupling capacitors as close as possible to the integrated circuit package, in order to maximize 3 noise margins. 

I» .... 
S· 
~ 

Connecting Unused Inputs 

Unused inputs should be tied to Vee or ground to prevent the input from floating. If left to float, the power consumption 
of the device will increase. 
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Matching 

Another factor to consider when designing with high-speed CMOS is the Vownin-to-VI matching. This is important 
when the VOHmin of the driving device exceeds the Vee + 0.5 V of the driven device. If this occurs, the ESD protection 
diode on the inputs will be forward biased. At this point, the driving device will attempt to "power-up" the driven device's 
power supply. No damage will occur to the driven device, provided the current flowing through the diode does not exceed 
20 rnA. 

Powering Up/Down Sequence for High-Speed CMOS 

To avoid any possible damage and reliability problems to the high-speed CMOS devices when applying power, the following 
steps should be followed: 

1. Connect ground 
2. Connect Vee 
3. Connect the input signal 

When powering down a high-speed CMOS device, follow the above steps in reverse order. 

High-Speed CMOS Interfacing 

INTRODUCTION 

The High-Speed CMOS logic family from Texas Instruments contains a broad spectrum of SSI/MSI functions. Within 
this family are TTL functions, HCT devices, HC4000 series, and an HCU device.1 Entire CMOS systems may be implemented 
using this logic family. There is also a broad range of CMOS-system to non-CMOS-system interfaces that need to be considered. 
The design engineer will inevitably encounter these interfaces. To develop the necessary interfaces, a thorough understanding 
of data sheet parameters of both systems and an organized approach is recommended. This report uses basic examples to 
present one possible approach to the SN54174HC interface solution. 

There are two types of interfacing that must be considered: (1) interfacing CMOS system signals to non-CMOS systems 
and (2) interfacing non-CMOS system signals to CMOS systems. The first type requires an understanding of the CMOS 
output parameters and the non-CMOS input parameters and vice versa for the second type. In both cases, a model of the 
inputs and outputs of both systems may be useful. 

GENERAL INTERFACING SOLUTION 

An interfacing problem arises when the output logic levels and/or the current requirements of the driving system (or 
device) are different from the input logic levels and/or the current requirements of the driven system (or device). When 
determining the compatibility of the systems (or devices), the most important system/device parameters are Vm,VIL, VOH, 
VOL, 1m, IlL, IOH, and VOL· 

Figure 22 is the voltage transfer characteristic of a typical unloaded inverter showing the various input and output voltage 
parameters. Loading the output of the inverter will tend to lower VOH and raise VOL. The tables of electrical characteristics 
specify minimum VOH and maximum VOL for various loads. 

Noise Margin 

There are two noise margins to be considered: the low-voltage noise margin and the high-voltage noise margin. The 
voltage difference between VILffiaX of the driven system/device and VOLffiaX of the driving system/device is the low-voltage 
noise margin. The voltage difference between VOHmin of the driving system/device and Vrnmin of the driven system/device 
is the high-voltage noise margin (Figure 23). 

I HCT devices are explained later. The HC4000 series devices are pin-far-pin functionally compstible, but not e1ectrically compstible. with the older metaI
gate CMOS devices. The HCU device is unbuffered. 
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It is desirable to have the noise margin as large as possible and the uncertain region (the difference between VIHmin and 
V II)IIIIX) as small as possibie. When an input voltage falls into the uncertain region, we do not know how the output in conjuction . 
with other inputs driven by that output will respond. The problem with small noise margins is that any noise on the output 
of the driving system or device will cause the signal to fall into the uncertaiD. region and possibly cause a bit error in the 
system. There are various sources of noise in digital systems. Three possible internal sources are inductive and resistive 
drops, capacitive coupling from another logic node, and mutual inductance with another logic node. Radio signals are possible 
external sources of noise. . 
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L-______ -L ____________ ~ __ ~ VI 

Figure 22. Voltage Transfer Characteristic of a Typical Inverter 

Vo DRIVING DEVICE VI DRIVEN DEVICE 

Figure 23. Noise Margins. 

As an aid for interfacing between the various TTL families, the eight parameters previously defined are shown in Table 3. 
The values are for Vee = S V and TA = 2S °C (worst-case deVice parameters - the device will perform at least this well). 
All currents are designated positive when flowing into the device. 
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Table 3. Worst-Case Values of Primary Interfacing Parameters 

PARAMETER 74HCMOS 74TTL 74LSTTL 74ASTTL 74ALSTTL 

VIHrnin 3.5 V 2V 2V 2V 2V 

VILrnax 1 V 0.8 V 0.8 V 0.8 V 0.8 V 

VOHrnin 4.9 V 2.4 V 2.7 V 2.7 V 2.7 V 

VOLrnax 0.1 V 0.4 V 0.4 V 0.4 V 0.4 V 

IIHrnax 1 ~A 40 ~A 20 ~A 200 ~A 20~ 

IILrnax -1 ~A -1.6 rnA -400 ~A -2 rnA -100 ~A 

IOHrnax -4 rnA -400 ~A -400 ~A -2 rnA -400 ~A 

IOLrnax 4 rnA 16 rnA 8 rnA 20 rnA 4 rnA 

Driving Gate Output Model 

Figure 24 shows the model of a driving gate derived from the data sheet specifications. VOH(nl) (nl = no load) is the 
high-level output voltage expected when the output gate is unloaded. VOL(nl) is the low-level output voltage expected when 
the output gate is unloaded. The values for these two voltages are usually not given on the data sheets. As a rule of thumb 
for MOS devices, the output switches between the power rails VOH(nl) = Vee and VOL(nl) = GND; for bipolar devices 
(e.g., the TTL Family) VOL(nl) is about Vec<sat) or about 0.3 V. Within the TTL family VOH(nl) varies. Standard TTL 
has a VOH(nl) within two base-emitter drops of V ee(V OH(nl) = Vee - 1.2 V); LSTTL has a VOH(nl) within one base
emitter drop ofVeC<VOH(nl) = Vee -0.6 V). The data sheets specify VOHmax and VOLmax at a nonzero IOH and IOL, 
respectively. Therefore to calculate the approximate series resistances, the following two equations may be used: 

ROH 

ROL 

Input Gate Circuit 

1VOH(nl) - VOHminl 

IOH 

1VOL(nl) - VOLmaxl 

IOL 

VOH(n!) 

Figure 24. Output Model of a Driving Gate 

Vo 

A simplified schematic of a high-speed CMOS input gate is shown in Figure 25. The diode D 1 and the transistors Q 1 
and Q2 provide static discharge and input transient clamping for the device. Any inputs higher than Vee + 0.5 V or lower 
than -0.5 V will clamp the input. The capacitors Cl and C2 represent the parasitic capacitances present at the gate input. 
The data sheet specifices that the input capacitance (Cl + C2) will not exceed 10 pF (typical is about 5 pF). The input 
capacitance is split between Vee and ground of the device and provides a feedback path between Vee and the input. If 
the input is driven by a high-impedance source, then any transient noise on Vee may be coupled back into the input. 
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Figure 25. SN54/74HC Input Gate 

CMOS-to-STANDARD-TTL INTERFACE 

CMOS devices can drive TTL loads with no additional interfacing required. The output voltages of CMOS devices are 
compatible with the input voltage requirements of TTL devices. The input current requirements of the TTL devices does 
place a strict limitation on the number of TTL devices that CMOS devices can drive from a single output (the fan-out). 

Figure 26 is a schematic of a CMOS output gate driving a TTL input gate. When the CMOS gate drives the emitte'r 
of Q3 low, a current will flow into the CMOS gate from Rl and the emitter of the TTL gate. The maximum guaranteed 
current that the CMOS device can sink is 4 mAo However, the device can sink up to 25 mA, but the output voltage is not 
guaranteed above 4 mAo Therefore, the maximum TTL fan-out that a device can drive without exceeding the specified limit 
is two (IlL for TTL is -1.6 mAl. 

vcc, 

n ~Ql 
r-------__ ~---Vcc 

R2 Rl 

Figure 26. SN54174HC to TTL Interface 

STANDARD TTL-to-CMOS INTERFACE 

The interface for TTL driving CMOS is not as simple as the CMOS-to-Standard-TTL interface. Taking the voltage Ie 
from Table 3, it can be seen they are not compatible as far as VOHrnin of the TTL device and VIHmin of the CMOS de, 
Figure 27 shows the schematic of TTL to CMOS interface. The pull-up resistor Rp eliminates the voltage incompatibi 
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The lower limit of the pull-up resistor is determined by the current-sinking capability of the driving device (TIL for this 
interface). When the TTL device output goes low, Q3 (Figure 27) will be required to sink a current of (Vee-Vovnax)/Rp 
in addition to the sum of the output currents of the driven devices IlL worse case. All of this is shown in the following equation: 

. Vee - VOLffiaX (TIL) 
RpmlD = 

IOL(TTL) + n IIL<load) 

where n is the number of loads being driven, and Vee is the voltage applied to the pull-up resistor. 

Example: An SN74LSOO is driving three SN74HCOO devices. Veemin = 4.75 V, VOLmax = 0.4 V, IOL = 8 rnA, 
IlL = 1 pA, n = 3, therefore Rpmin = 543 Il. 

vcc------~----, 

~----------~-----vcc 

Rp 

Figure 27. TTL to SN54174HC Interface with a Pull-Up Resistor 

The upper limit of the pull-up resistor is determined by two factors: (1) the total input capacitance of the loads and (2) 
the total high-level input currents of the loads. When the TTL output goes high, Q2 is turned off due to the pull-up resistor. 
Therefore, all the current that flows into the devices that are being driven flows through the pull-up resistor Rp. The input 
voltage of the CMOS devices will therefore rise exponentially with a time constant of RpCi (Cj = 10 pF max). The time 
constant cannot exceed the 500-08 rise time requirement of the CMOS device. Along with this limitation, the total input 
currents must not cause the voltage drop across the pull-up resistor to exceed VIHmin for the CMOS devices. Bringing all 
this into play, the following equation may be used to determine Rpmax. 

Vee - VIHmin (load) 

In IIH(load) - IoH(driver)I 

where n is the number of loads being driven, and Vee is the voltage applied to the pull-up resistor. 

II 
c 
o 
; 

CU 
E .. 
o .... 
.E 
U) -.. 
CD 

Example: An SN74LSOO is driving three SN74HCOO devices. Vee = 5.25 V, VIHmin = 3.675 V, IIH 
IoH =, 0, n = 3, therefore Rpmax = 525 kll. 
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However, if the rise time is calculated using this value of Rpmax, the recommended 500 ns will be exceeded. 

From the relationship: 

with 
VIHJDin = VCcmax (1 - e- t1RpCi) 

Vll{Illin = 3.675 V and Vccmax = 5.25 V 

then Rp = = 13.8 Jd) for t = 500 ns and Ci = 30 pF 
1.2 Ci 

Gel!!!rally, this rise-time constraint is the limiting factor on the upper limit of the pull-up resistor. 

CMOS-to-LSTTL INTERFACE 

The interface of CMOS to LSTTL is very similar to the interface of CMOS to TTL. Figure 28 shows a schematic of 
the interface. As can be seen, there is no pull-up resistor required. When the LSTTL input is pulled low, the current will 
flow through Rl and D2 into the CMOS output. In the worst-case condition, this current is about 0.4 mAo Because the CMOS 
output parameter IoL specifies a 4-mA current sink for the device, the maximum LSTTL fan-out is ten. 

r---'---Vcc 

R1 R2 

01 
R3 

Figure 28. SNS4174HC to LSTTL Interface 

LSTTL-to-CMOS INTERFACE 

~ 
CD ... .. 
o 

For an LSTTL device to drive a CMOS device, a pull-up resistor must be used because the VOHmin of the LSTTL 
is less than the specified VIHmin of the CMOS device. Figure 29 shows the schematic of the LSTTLICMOS interface. The 
upper and lower limits of the pull-up resistor are determined in the same method as the TTLICMOS interface. Remember 

:; the upper limit of the pull-up resistor is limited by the input currents and the input capacitance. -Q ... 
3 
I» ... 
S" 
~ 

CMOS-to-ALSTTL INTERFACE 

The output logic level of CMOS devices are completely compatible with the input logic levels of ALSTTL devices. The 
interface structure with ALSTTL is shown in Figure 30. As with the other CMOS-to-TTL interfaces, there is no pull-up 
resistor required. The fan-out of ALSTTL devices is determined by the amount of current that flows through Q3 into the 
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CMOS device, and the amount of current the CMOS device can sink. When the input of the ALSTIL device is low, there 
is 0.1 rnA flowing though Q2. The maximum current that the CMOS device can sink (according to the parameters) is 4 rnA. 
This corresponds to a ALSTTL fan-out of 40. 

vcc----------------, 
R1 

~------__ ----'vcc 

Rp 

04 

Figure 29. LSTTL to SN54174HC Interface with a Pun-up Resistor 

vcc~ 

n :!J 01 

R1 

~------__ ----Vcc 

R2 

Figure 30. SN54174HC to ALSTI'L Interface 

ALSTTL-to-CMOS INTERFACE 

The high-level output voltage of ALSTTL devices is incompatible with the required high-level input voltage of CMOS 
devices. Because of this incompatibility, a pull-up resistor is required to make the two voltage levels compatible. The method 
of determining the upper and lower limits of the pull-up resistor is the same as the other two TIL-to-CMOS interfaces. Figure 31 
shows a schematic of the interface. 
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Figure 31. Interface with a Pull-Up Resistor 

CMOS-to-ASTTL INTERFACE 

As in the case of the other CMOS-to-TTL interfaces, no pull-up resistor is required (Figure 32) because the input voltage 
levels of ASTTL are compatible with the output voltage levels of CMOS. The fan-out of ASTTL devices is limited by the 
low-level input current (IlL) of ASTTL and the current sinking capability of CMOS (Iod. IlL for the ASTTL is 2 rnA, 
and the current sink limit of CMOS is 4 rnA. Therefore, the fan-out is two ASTTL devices. 

..--__________ v cc 

Rl 

Figure 32. SNS4!74HC to ASTTL Interface 

ASTTL-to-CMOS INTERFACE 

Not all the ouput logic levels of ASTTL are compatible with the input logic levels of CMOS. Table 3 shows there is 
incompatibility between the YOH of ASTTL and Yrn of CMOS. As with other TTL-to-CMOS interfaces, a pull-up resistor 
is required (Figure 33). The appropriate value of the pull-up resistor is determined by the same procedure previously explained. 
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R1 J-
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Figure 33. ASTTL to SNS4174RC Interface with a Pun-up Resistor 

CMOS-to-NMOS INTERFACE 

NMOS is used extensively in large-scale-integration products such as microprocessors, microcomputers, and memories. 
The logic levels of NMOS are usually TTL-compatible. CMOS devices can drive NMOS devices with no pull-up resistors. 
The input impedance of NMOS is very high, which is similar to the input impedance of CMOS. 

NMOS-lo-CMOS INTERFACE 

A puR-up resistor may be necessary when an NMOS device drives a CMOS device. The method of determining the 
value range of the puR-up resistor is the same as the method described previously for TTL. A quick look at NMOS output 
parameters and CMOS input parameters will determine if a puR-up resistor will be required. 

USING RCT DEVICES TO INTERFACE TO CMOS FROM TTL 

To interface from a TTL system (standard TTL, LSTTL, ASTTL, ALSTTL), there are two methods: (1) the use of II 
puR-up resistors (as previously described) and (2) the use of HCT devic.es. Using HCT devices is by far the easier method. li1 
The HCT device inputs are TTL compatible, while the outputs are both TTL and CMOS compatible. Therefore, aU the interface 
requires is to connect the TTL system output into the HCT device, and the output of the HCT device can then be used for 
the input of the CMOS system. 

Oscillators 

RC OSCILLATORS 

Simple oscillator circuits using a minimum number of components can be designed with high-speed CMOS devices, 
e.g., two 'HC04, 'HCU04, 'HeclO, or 'HC02 gates. These oscillators generate a period of approximately 1.8 RC seconds 
(Figure 34). 

CRYSTAL-CONTROLLED OSCILLATORS 

A crystal or ceramic resonator may be used to set the oscillator period (Figure 35). The value of the resistor, typicaUy 
100 ldl, may require special selection to ensure oscillation at the desired fundamental resonator frequency. The capacitor, 
typicaUy 100 pF, is required to dampen parasitic oscillations in the 30-MHz to 50-MHz range. 

c o 
'; 
E .. 
.E 
..5 
U) 
~ .. 
Q) 
C 
0) 
';; 
Q) 

o 

4-25 



• c 
CD 
(I) 

cS' 
~ 
CD .... 
(I) -~ -o .. 
3 
C» 
r+ o· 
~ 

c 

R: 2.7 kn to 2.7Mn 
C: 50 pF to 10 "F 

>.;.;(4;:.' .... __ OUTPUT >.;..;(4.:..) ... __ OUTPUT 

Figure 34. Simple RC Oscillator 
Using Two 'HC04 Gates 

Figure 35. Oscillator Circuit 
Using a Crystal to Set the Period 

VOLTAGE-CONTROLLED OSCILLATORS 

Voltage-controlled oscillators (VCOs) can also be designed using a minimal number of components. Figure 36 shows a 
VCO using NAND and inverter gates. This VCO design exploits the phenomena of the slight variations in the propagation 
delay of an 'HC gate with changes in the supply voltage. The 'HCOO is connected as a' three-stage ring oscillator with a 
buffer. As the control (supply) voltage Vc is varied, the ring oscillator's frequency changes according to the following: 

fout .. 5.8 x Vc 

r---------
I 
I 

I r---+==-L.....J 

Vc 

(11) 
12 OUTPUT 

I 
I 
I 
I 

~1~:)----1 0.014{)lF 100kn. 

~--------j I 
(8) I 

I 
I I 
L _______ ~-------J 

"::" (7) . 

Figure 36. Voltage-Controlled Oscillator (VCO) 

The inverter, which is powered by a separate voltage source, serves to restore the oscillator output voltage to 5 V peak-to
peak. This function is required, because the 'HCOO switches from rail-to-rail (as do all HC devices). The magnitude of the 
oscillator output voltage is thus dependent on VC. The IOO-kO resistor across the inverter provides bias such that operation 
will be within the linear operating region of the gate. The capacitor serves to ac-couple the oscillator to the inverter . 

The VCO output is linear for control voltages in the range of 1.5 to 4.5 V (Figure 37). 

To prevent oscillator "bleed-through" onto the Vcc line, adequate decoupling of the 'HC device power supply is required. 
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Figure 37. VCO Output Frequency vs Input Voltage 

Drivers for LEOs and Relays 

SN54174HC devices are capable of sinking or sourcing up to 25 mA (35 mA for high-current devices) per gate. As the 
device sinks or sources more current, VOHlnin or VOl)lUlX levels will begin to fall or rise respectively. 

Because of these characteristics, SN54174HC devices can be used to drive LEDs and relays. 

DRIVING LEDs 

Figure 38 shows an 'HC04 driving a TIL221 gallium phosphide light-emitting diode. The resistor performs the function 
of current limiter. The luminous intensity of the LED depends on the amount of forward current. 

Vee 

VIL AT THE INPUT TURNS ON THE LED VIH AT THE INPUT TURNS ON THE LED 

Figure 38. 'HC04 Driving a LED 

Example: Using 10 mA forward current and 2.2 V forward voltage, the value of the current-limiting resistor can 
be calculated using the following equations: 

[for Figure 38(a)] R = VOH - 2.2 V 

10mA 

[for Figure 38(b)] R = VCC - 2.2 V - VOL 

IOmA 

It should be noted that as used here, VOH and VOL are not the VoHInin and VOl)lUlX specified in the data book. Figures 39 
and 40 show typical values for VOH and VOL for an 'HCOO. 
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Figure 39. Typical Values for VOH Figure 40. Typical Values for VOL 

DRIVING RELAYS 

Multiple gates can be connected in parallel to increase the current sinking or sourcing capability of SN54174HC devices_ 
Figure 41 shows two 'HC04 gates connected in parallel for relay driver application. 

Precautions should be taken to prevent one gate from "hogging" the current. Small resistors (typically 50 0) in series 
with the output gate will limit the possibility of "current hogging" by anyone gate_ 

In all applications in which the SN54174HC output is required to source or sink substantial current (6 rnA to 25 rnA), 
particular attention should be paid to providing adequate power supply decoupling for the driving device_ 

Figure 41. SN54174HC04 Gates COnDected in Parallel to Drive a Relay 

SNS4HC/SN74HC Interchangeability Guide 

INTRODUCTION 

The following has been prepared as a guide to interchanging devices from other logic families, both. bipolar and CMOS, 
with those from the SN54HC/SN74HC family. This is not intended to be a comprehensive guide since interchangeability 
can depend on many factors, and only careful data sheet comparisons can provide definitive answers. The considerations 
listed below are based upon information accumulated in answering a large number of inquiries in this area. 

First, a brief review is given on each logic technology, and second, discussion is given on the various aspects involved 
in attempting to interchange that technology with the SN54HC/SN74HC family. 
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TIL: Trausistor-TransiStor Logic 

TTL is the generic name for several bipolar families that have evolved over the past 20 years. Low-Power Schottky 
(LSTIL) is the most widely used bipolar logic family today. Other families, e.g., Schottky (STIL), Advanced Schottky 
(ASTIL or AS), and Advanced Low-Power Schottky (ALSTIL or ALS) are also used, depending on the speed versus power 
performance required by a given system design. 

4000 Series: Metal-Gate CMOS Logic 

The device type numbers in this series have a variety of prefixes, although "CD" is probably the most widely recognized. 
The suffix "B" is frequently used, indicating an improvement over the original family, i.e., buffered outputs and typical 
output sink and source current capabilities of ± I rnA. This logic family became popular because it offered very low power 
consumption, even though it is slower than TTL with a typical operating frequency of about 5 MHz, has a low level of ESD 
protection, and is latch-Up prone. 

4OHOO Series: MetaI-Gate CMOS Logic 

This series was designed to overcome the speed limitations of the original 4000 family. Even though these devices are 
somewhat faster, they are still slow when compared to LSTTL. 

74C00 Series: Metal-Gate CMOS Logic 

The distinguishing feature of this family is that the pinouts correspond to those of TTL, making interchangeability easier. 
The devices, however, exhibit many of the same speed/power limitations as those of the 4000 series. The fan-out is typically 
higher than the 4000 series, however, with typical output sink and source capabilities of ± 1. 75 rnA. 

74SCOO Series: Silicon-Gate CMOS Logic 

This series was the forerunner to the SN54HC/SN74HC family, or more closely, to the SN54HCT/SN74HCT family. 
The 74SC family was designed to overcome many of the 4000 series deficiencies, particularly the slower speed and the lower 
drive capability. 

Note: The "SC" designation should not be confused with that of Texas Instruments new Standard Cell family 
(SN54SC/SN74SC series). 

INTERCHANGEABILITY CONSIDERATIONS 

Listed below are the highlights of benefits derived from replacing other logic families with SN54HC/SN74HC; also listed 
are important considerations that may affect the feasibility or desirability of such replacement. All comparisons are by necessity 
general in nature. 

LSTTL 

Considerations: 

1. SN54HC/SN74HC high-level input voltage is not TIL-compatible. In a mixed family system (LS output driving 
HC input) it will be'necessary to use SN54HCT/SN74HCT, pull-up resistors, or level shifters. 

2. SN54HC/SN74HC has less drive capability than some LSTTL functions. 
3. LSTTL open-collector outputs have higher breakdowns than SN54HC/SN74HC open-drain equivalent functions. 

HCMOS advantages: 

1. Lower system power consumption 
2. Improved noise immunity 
3. Wider supply voltage range. 
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Other TIL Families 

Considerations: 

1. SN54HC/SN74HC high-level input voltage is not TIL-compatible. In a nrlxed family system (TIL output 
driving HC input) it will be necessary to use SN54HCT/SN74HCT, pull-up resistors, or level shifters. 

2. SN54HC/SN74HC has less drive capability than some TIL functions. 
3. TIL open-collector outputs have higher breakdowns than SN54HC/SN74HC open-drain equivalent functions. 
4. Some of the TIL families offer greater operating speed, e.g., STIL, AS, and ALS. 

HCMOS advantages: 

1. Lower system power consumption 
2. Improved noise immunity 
3. Wider supply voltage range. 

4000 Series and 74COO Series 

Considerations: 

1. Although most applications use a 5-V supply, these older families operate in the 3-V to 15-V range. 
2. SN54HC/SN74HC must be operated with a supply voltage in the 2-V to 6-V range. 

HCMOS advantages: 

1. Higher frequency of operation 
2. Improved ESD protection and latch-Up performance 
3. Higher output drive capability. 

4OHOO Series 

Considerations: 

1. Although most applications use a 5-V supply, this family will operate in the 2-V to 8-V range. 
2. SN54HC/SN74HC must be operated with a supply voltage in the 2-V to 6-Vlo.fIIIIge. 

HCMOS advantages: 

1. Higher frequency of operation 
2. Improved ESD protection and latch-up performance 
3. Jiigher output drive capability 
4. Multiple-sourced family. 

As a quick reference guide, Table 4 shows highlights of interchanging other logic families with high-speed CMOS. 

CONCLUSION 

3' Within the constraints given above, the SN54HC/SN74HC family can be regarded as pin-for-pin equivalents to the other 
d' logic families. The rapidly-expanding SN54HC/SN74HC family is ideally suited for system upgrading, system shrinking, .. 3 or especially, new system design. 
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Table 4. Highlights of Interchangeability 

TTL FAMILY ITTL, LSTTL, STTL, ALS, AS) METAL-GATE CMOS 

Power HCMOS offers lower system power consumption Power consumption of HCMOS is less than metal-gate 

than any of the TTL families. CMOS. 

Speed HCMOS operating speed is comparable to LSTTL. HCMOS operating speed is much faster than metal-gate 

Some TTL families ISTTL, AS, and ALSI offer CMOS. 

greater operating speed. 

Input The VIHmin of HCMOS is not compatible with the HCMOS input voltage levels are compatible with metal-gate 

Voltage VOHmin of TTL. In a mixed family system, it is CMOS outputs only when the power supply voltage for the 

necessary to use 'Her devices, pull-up resistors, or metal-gate CMOS devices is between 2 V and 6 V. 

level shifters. 

Output The output voltages of HCMOS are TTL-compatible. HCMOS output voltage levels are compatible with metal-gate 

Voltage CMOS inputs only when the power supply voltage for the 

metal-gate CMOS devices is between 2 V and 6 V. 

Drive The output current capability of HCMOS is not as HCMOS has a higher current drive capability. 

Capability large as the TTL family. 

Fan-out HCMOS has a smaller fan-out to LS devices than HCMOS has a higher fan-out to LS devices. 

ILS devices I the TTL family. 

Supply 

Voltage 

ESD and 

Latch-Up 

SCOPE 

HCMOS has a wide operating supply voltage range Operating supply range of metal-gate is larger than HCMOS 

(2 V to 6 VI. (from 3 V to 15 VI. 

TTL family devices are not as vulnerable to ESO and HCMOS has an improved protection circuitry against ESO 

latch-up damage. and latch-up. 

Guidelines for Handling Electrostatic-Discharge Sensitive (ESDS) 
Devices and Assemblies 

This specification establishes the requirements for methods and materials used to protect electronic parts, devices, and 
assemblies (items) susceptible to damage or degradation from electrostatic discharge (ESD). The electrostatic charges referred 
to in this specification are generated and stored on surfaces of ordinary plastics, most common textile garments, ungrounded 
people's bodies, and many other commonly unnoticed static generators, The passage of these charges through an electrostatic
sensitive part may result in catastrophic failure or performance degradation of the part. 

The part types for which these requirements are applicable include, but are not limited to, those listed: 

1) All metal-oxide semiconductor (MOS) devices, e.g., CMOS, PMOS, etc. 
2) Junction field..effect transistors (JPET) 
3) Bipolar digital and linear circuits 
4) Op Amps, monolithic microcircuits with MOS compensating networks, on-board MOS capacitors, or other MOS 

elements 
5) Hybrid microcircuits and assemblies containing any of the types of devices listed 
6) Printed circuit boards and any other type of assembly containing static-sensitive devices. 

Defmitions 

1. Antistatic material: ESD protective material having a surface resistivity between 109 and 1014 O/square. 
2, Static dissipative material: ESD protective material having surface resistivity between 1()5 and 109 O/square. 
3. Conductive material: ESD protective material having a surface resistivity of 1()5 O/square maximum. 
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4. Electrostatic discharge (ESD): A transfer of electrostatic charge between bodies at different electrostatic potentials 
caused by direct contact or induced by an electrostatic field. 

5. Surface resistivity: An inverse measure of the conductivity of a material and is the resistance of unit length and 
unit width of a surface. Note: Surface resistivity of a material is numerically equal to the surface resistance between 
two electrodes forming opposite sides of a square. The size of the square is immaterial. Surface resistivity applies 
to both surface and volume conductive materials and has the dimension of O/square. 

6. Volume resistivity:-Also referred to as bulk resistivity. It is normally determined by measuring the resistance 
(R) of a square of material (surface resistivity) and multiplying this value by the thickness (T). 

7. Ionizer: A blower that generates positive and negative ions, either by electrostatic means or by means of a radioactive 
energy source, in an airstream, and distributes a layer of low velocity ionized air over a work area to neutralize 
static charges. 

8. Close proximity: For the purpose of this specification, is 6 inches or less. 

Device Sensitivity per Test Cin:uit of Method 3015, MIL-STD-883 

Devices are categorized according to their susceptibility to damage resulting from electrostatic discharge (ESD), and 
the type packaging required to adequately protect them. 

1) Device electrostatic sensitivity: 

Category 
A 
B 

ESD Sensitivity (V) 
20·2000 
>2000 

2) Devices are to be categorized by iheir sensitivity 

MlDImum Protective Packaging 
Antistatic Magazine & Conductive Bag/Box 

Antistatic Magazine & Antistatic Bag 

3) Devices are to be protected from ESD damage from receipt at incoming inspection through assembly, test and 
shipment of completed equipment. 

APPLICABLE REFERENCE DOCUMENTS 

The following reference documents (of latest issue) can provide additional information on ESD controls. 

1) MIL-M-3851O Microcircuits, General Specification 
2) MIL-STD-883 Test Methods and Procedures for Microelectronics 
3) MIL-S-I9491 Semiconductor Devices, Packaging of 
4) MIL-M-55565 Microcircuits, Packaging of 
5) DOD-HDBK-263 Electrostatic Discharge Control Handbook for Protection 
6) DOD-STD-1686 Electrostatic Discharge Control Program 
7) NAVSEA SE 003-11-TRN-OI0 Electrostatic Discharge Training Manual 

FACILITIES FOR STATIC-FREE WORK STATION 

:::s 
CD ... 

~ en 
The minimum acceptable static-free work station shall consist of the work surface covered with an ESD protective material 

attached to ground through a 1 MO ± 10% resistor, an attached grounding wrist strap with integral 1 MO ± 10 % resistor 
for each operator, and air ionizer(s) of sufficient capacity for each operator. The wrist strap shall be conneCted to the ESD 

5" protective material. Ground shall utilize the standard building earth ground, refer to Figure 42. Conductive floor tile along cr with conductive shoes may be used in lieu of the conductive wrist straps. The Site Safety Engineer must review and approve 
... all electrical connections at the static-free work station prior to its implementation. 
3 a 
S' 
:::s 

Air ionizers shall be positioned so that the devices at the static-free work stations are within a 4-foot arc measured by 
a vertical line from the face of the ionizer and 45 degrees on each side of this line. -

General grounding requirements are to be in accordance with Table 5. 
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PERSONNEL 
GROUND STRAP 

ESD PROTECTIVE 
TRAYS. ETC. 

R 
.A 

R 

JESD PROTECTIVE 
TABLE TOP 

IONIZER I OTHER I 
ELEe. 
EQUIP. 

CHAIR 
WITH GROUND 
(OPTIONAL) 

= 
WORK BENCH 

All electrical equipment sitting on the conductive table top must be hard grounded but must be isolated from the conductive 
table top. 

NOTE: Earth ground is not computer ground or RF ground or any other limited type ground. 

Figure 42. Static-Free Work Station 

Table S. General Grounding Requirements 

TREATED WITH ANTISTATIC SOLUTION GROUNDED TO 

OR MADE OF CONDUCTIVE MATERIAL COMMON POINT 

Handling EquipmentiHandtools X 

Metal Parts of Fixtures 
X 

and Tools/Storage Racks 

Handling Trays/Tubes X 

Soldering Irons/Bath X 

Table Tops/Floor Mats X X 

Personnel X Using Wrist Strap' 

*With 1 Mil ± 10% resistor 

Usage of Antistatic Solution in Areas to Control tbe Generation of Static Charges 

The use of antistatic chemicals (antistats) should be a supplemental part of an overall organized ESD program. Any antistatic 
chemical application shall be considered as a means to reduce or eliminate static charge generation on nonconductive materials 
in the manufacturing or storage areas. 

The application of any antistatic chemical in a clean room of class 10,000 or less shall not be permitted. Accordingly, 
any User of antistatic solutions must consider the following precautions: 

1. Do not apply antistatic spray or solutions in any form to energized electrical parts, assemblies, panels, or equipment. 
2. Do not perform antistatic chemical applications in any area when bare chips, raw parts, packages, and/or personnel 

are exposed to spray mists and evaporation vapors. 
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The need for initial application and frequency of reapplication can only be established through routine electrostatic voltage 
measurements using an electrostatic voltmeter. The following durability schedule is a reasonable expectation. 

1) Soft surfaces (carpet, fabric seats, ~oam padding, etc.): each 6 months or after cleaning, by spraying. 
2) Hard abused surfaces (floors, table tops, tools, etc.): each week (or day for heavy use) and after Cleaning, by 

wiping or mopping. 
3) Hard unabused surfaces (cabinets, walls, fixtures, etc.): each 6 months or annually and after cleaning, by wiping 

or spraying. . 
4) Company-furnished and maintained clothing and smocks: after each cleaning, by spraying or adding antistatic 

concentrate to final rinse water. when cleaned. 

The use of antistatic chemicals, their application, and compliance with all appropriate specifications, precautions, and 
requirements shall be the responsibility of the Area Su~rvisor where antistatic chemicals are used. 

ESD Labels and Signs in Work Areas 

ESD caution signs at work stations and labels on static-sensitive parts and containers shall be consistent in color, symbols, 
class, and voltage sensitivity identification, and appropriate instructions. Signs shall be posted at all work stations performing 
any handling operations with static-sensitive items. These signs shall contain the following information. 

CAUTION 

STATIC CAN DAMAGE COMPONENTS 

Do not handle ESDS items unless grounding wrist strap is properly 
worn and grounded. Do not let clothing or plain plastic materials 
contact or come in close proximity to ESDS items. 

Labels shall be affixed to all containers containing static-sensitive items at a place readily visible and proper for the intended 
purpose. Additionally, labels must be consistently placed on containers and packages at a standard location to eliminate 
mishandling. Use only QC accepted and approved signs and labels to identify static-sensitive products and work areas. The 
use of ESD signs and labels, and their information content shall be the responsibility of the Area Supervisor to assure consistency 
and compatibility throughout the static-sensitive routing. II Relative Humidity Control 

Since relative humidity has a significant impact on the generation of static electricity, when· possible, the work area should 
be maintained within the following relative humidity ranges: incoming/assembly/test/storage 50%-65% (ref. Ashrae, 55-74), 
within ± 5 % to avoid static voltage monitor variations. 
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PREPARATION FOR WORKING AT STATIC-FREE WORK STATION 

A work station with a conductive work surface connected to ground through a I MO ± 10% resistor, a grounding wrist 
strap with the ground wire.connected to the conductive work surface, and an ioniz4;lr constitute a static-free work station 
(Figure 42). An operator is properly grounded when the wrist strap is in snug (no slack) contact with the bare skin, usually 
positioned on the left wrist for a right-handed operator. The wrist strap must be worn the entire time an operator is at a 
static-free work station. The operator should first touch the grounded bench top before handling static-sensitive items. This 
precaution should be observed in addition to wearing the grouding wrist strap. If possible, operators should avoid touching 
leads or contacts even though grounded. 

CAUTION 

Personnel shall never be attached to ground without the presence 
of the 1 MO ± 10% series resistor in the ground wire. 
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An operator's clothing should never make contact or come in close proximity with static sensitive items. They must 
be especially careful to prevent any static-sensitive items (being handled) from touching their clothing. Long sleeves must 
be rolled up or covered with antistatic sleeve protector banded to the bare wrist which shall "cage" the sleeve at least as 
far up as the elbow. Only antistatic finger cots may be used when handling static-sensitive items. 

Any person not properly prepared, while at or near the work station, shall not touch or come in close proximity with 
any static-sensitive items. It is the responsibility of the operator and the Area Supervisor to ensure that the static-free work 
area is clear of unnecessary static hazards, including such personal items as plastic coated cups or wrappers, plastic cosmetic 
bottles or boxes, combs, tissue boxes, cigarette packages, and vinyl or plastic purses. All work-related items, including 
information sheets, fluid containers, tools, and parts carriers must be those approved for use at the static-free work station. 

GENERAL HANDLING PROCEDURES AND REQUIREMENTS 

I. All static-sensitive items must be received in an antistatic/conductive container and must not be removed from 
the container except at static-free work station. All protective folders or envelopes holding documentation (lot 
travelers, etc.) shall be made of nonstatic-generating material. 

2. Each packing (outermost) container and package (internal or intermediate) shall have a bright yellow warning 
label attached, stating the following information or equivalent: 

CAUTION 
ELECTROSTATIC 

SENSITIVE 
DEVICES 

DO NOT OPEN OR HANDLE 
EXCEPT AT A 

STATIC·FREE WORKSTATION 

The warning label shall be legible and easily readable to normal vision at a distance of 3 feet. 
3. Static-sensitive items are to remain in their protective containers except when actually in work at the static-free 

station. 
4. Before removing the items from their protective container, the operator should place the container on the conductive 

grounded bench top and make sure the wrist strap fits snugly around the wrist and is properly plugged into 
the ground receptacle, then touch hands to the conductive bench top. 

S. All operations on the items should be performed with the items in contact with the grounded bench top as much 
as possible. Do not allow conductive magazine to touch hard grounded test gear on bench top. 

6. Ordinary plastic solder-suckers and other plastic assembly aids shall not be used. 
7. In cases where it is impossible or impractical to ground the operator with a wrist strap, a conductive shoe strap 

may be used along with conductive tile/mats. 
8. When the operator moves from any other place to the static-free station, the start-up procedure shall be the 

same as in PREPARATION FOR WORKING AT STATIC-FREE WORK STATION. 
9. The ionizer shall be in operation prior to presenting any static-sensitive items to the static-free station, and shall 

be in operation during the entire time period the items are at the station. 
10. "Plastic snow" polystyrene foam, "peanuts," or other high-dielectric materials shall never come in contact 

with or be used around electrostatic sensitive items, unless they have been treated with an antistat (as evidenced 
by pink color and generation of less than ± 100 volts). 

II. Static-sensitive items shall not be transported or stored in trays, tote boxes, vials, or similar containers made 
of untreated plastic material unless items are protectively packaged in conductive material. 

PACKAGING REQUIREMENTS 

Packaging of static-sensitive items is to be in accordance with Device Sensitivity, item I). The use of tape and plain 
plastic bags is prohibited. All outer and inner containers are to be marked as outlined in GENERAL HANDLING 
PROCEDURES AND REQUIREMENTS, item 2, and conductive magazines/boxes may be used in lieu of conductive bags. 
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SPECIFIC HANDLING PROCEDURES FOR STATIC-SENSITIVE ITEMS 

Stockroom Operations 
1. Containers of static-sensitive items are not to be accepted into stock unless adequately identified as containing 

static-sensitive items. 
2. Items may be removed from the protective container (magazinelbag, etc.) for the purpose of subdividing for 

order issue only by a properly grounded operator at an approved static-free station as defined in FACILITIES 
FOR and PREPARATION FOR WORKING AT STATIC-FREE WORK STATION. 

3. All subdivided lots must be carefully repackaged in protective containers (fuagazinelbag, etc.) prior to removal 
from the static-free work station and labeled to indicate that the package(s) contain static-sensitive items. If it 
is suspected that a static-sensitive item is not adequately protected, do not transfer it to another container, return 
it to the originator for disposition unless the originator is a Customer. In that case, the QC Engineer should 
contact the Customer and negotiate an appropriate disposition. 

4. It is the responsibility of the Stockroom Supervisor to ensure that all personnel assigned to this operation are 
familiar with handling procedures as outlined in this specification. A copy of this specification is to be posted 
in the vicinity so that it is accessible to' the operators. Stock handlers and all others who might have occasion 
to move stock are to be instructed to avoid direct contact with 'unprotected static-sensitive items. 

Module and Subassembly Operations 

1. Static-sensitive items are not to be received from a stockroom, kitting, or machine insertion area unless received 
in approved static-protective packaging, ·and properly labeled to indicate that its contents are static sensitive. 

2. All single station, progressive line manual assembly operators, and visuaiinspectorsprior to wave soldering 
operations are to be properly grounded with a grounding wrist strap when handling static-sensitive items. 

. 3. Progressive lines used as single stations where operators will be working on a mix of boards, both static-sensitive 
and nonstatic-sensitive, will require that all operators working on the line be properly grounded. This is necessary 
to accommodate the sliding of static-sensitive boards along the assembly bench or across positions not engaged 
in the assembly of this type board. 

4. It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 
familiar with this procedure and fully aware of the damage or degradation of these units in the event of 
noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static
free stations are in proper working order and to ensure that operators are wearing grounding wrist straps properly 
(snugly in contact with bare skin). 

II Soldering and Lead-Forming Operations . 

1. All soldering machines, conveyors, cleaning machines, and equipment shall be electrically grounded to ensure 
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that they are at the same ground potential as the grounded operators working on their stations. No machine 
surfaces exposed to static-sensitive items are to be above the ground potential. 

2. All processing equipment shall be grounded, including all loading and unloading stations, that is, the stations 
before and after each piece of processing equipment. 

3. All nonmetallic, static-generatirig components in the handling systems shall be treated to ensure protection from 
static . 

4. All stations shall be identified by posting signs as outlined in ESD Labels and Signs in Work Areas. 
5. Operators are to be properly grounded with a grounding wrist strap during any handling, loading, unloading, 

inspection, rework, or proximity to static-sensitive items . 
6. Unloading operators working at a grounded station sha11 place static-sensitive items into approved static-protective 

bags or containers. 
7. All manual soldering, repair, and touch-up work stations on the solder line are to be static protected. Operators 

are to wear grounding wrist straps when working on static-sensitive items. Only grounded-tip solderingldesoldering 
irons are allowed when working on static-sensitive items. 

8. It is the responsibility of the Area Spervisor to ensure that all personnel handling static-sensitive items are familiar 
with this procedure and fully aware of the damage or degradation of these units in the event of noncompliance. 
A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free stations are 
in proper working order and to ensure that operators are wearing grounding wrist straps properly (comfortably 
snug in contact with. bare skin). 



Electrical Testing Operations 

1. All electrical test stations shall be static protected. Operators shall be properly grounded when working on these 
items. 

2. Reused antistatic magazines must be monitored for maintenance of antistatic characteristics. 
3. Devices should be in an antistatic/conductive environment except at the moment when actually under test. 
4. Devices should not be inserted into or removed from circuits or tester with the power on or with signals applied 

to inputs to prevent transient voltages from causing permanent damage. 
S. All unused input leads should be biased if possible. 
6. Device or module repairs must be performed at static-free stations with the operator attached to a grounding 

wrist strap. Grounded-tip soldering irons shall be used when working on static-sensitive items. 
7. Static-sensitive items shall be handled through all electrical inspections in static protective containers. Removal 

of the items from the protective containers shall be done at a static-free work station as discussed in 
PREPARATION FOR WORKING AT A STATIC-FREE WORK STATION. The units must be returned 
to the containers before leaving the station. 

8. All such items shall be shipped with an ESD warning label affixed as listed. 
9. It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 

familiar with this procedure and fully aware of the damage or possible degradation of these units in the event 
of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free 
stations are in proper working order and to ensure that operators are wearing grounding straps properly (snugly 
in contact with bare skin). 

Packing Operations 

1. Static-sensitive items are not to be accepted into the packing area unless they are contained in a static-protected 
bag or conductive container. 

2. A static-sensitive item delivered to the packer within an approved container or bag and found to be in order 
regarding identification shall be packed in the standard shipping carton or other regular packaging material. 
Containers are to be labeled in accordance with GENERAL HANDLING PROCEDURES AND 
REQUIREMENTS, item 2. 

3. Any void-fillers shall be made of an approved antistatic material. 

Bum-In Operations 

1. Bum-in board loading and unloading of static-sensitive items shall be done at a static-free station. 
2. Shorting clips/shorted connectors shall be installed on the board plug-in tab prior to loading any units into the 

board sockets. The clip/connector shall be taken off just prior to plugging the board into the oven connector. 
The clip/connector shall be installed immediately upon removal of the board from the oven connector. 
Installation and removal of the clip/connector shall be done by a properly grounded operator. 

3. All automatic or semiautomatic loading and unloading equipment shall be properly electrically grounded. 
4. It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 

familiar with this procedure and fully aware of the damage or possible degradation of these units in the event 
of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free 
stations are in proper working order and to ensure that operators are wearing grounding straps properly (snugly 
in contact with bare skin). 

CUSTOMER RETURNED ITEM HANDLING PROCEDURE 

Receipt of ESDS-labeled items is to be done at a static-free work station and handled in accordance with applicable sections 
within this guideline. 

QUALITY CONTROL PROVISIONS 

Sampling 

Each manufacturing, stockroom, and testing operation handling ESDS devices will be audited a minimum ot once each 
quarter for compliance with all terms of this specification by the responsible process control or QRA organization. Ground 
continuity and the presence of uncontrolled static voltages are considered critical and shall be checked more frequently as 
specified below. 
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Ground Continuity (minimum of once a week). 

Ground connections (grounding wrist strap, ground wires on cords, etc.) shall be checked for electrical continuity. The 
presence of a 1 Mil ± 10% resistor in the ground connections between both the operator ·wrist straps to the work surface 
and the work surface to greund connector must be verified. 

Grounded Conditions (minimum of once a week). 

A visual inspection shall be made to determine full compliance with this specification at static-free work stations during 
handling of static-sensitive items, including operator being grounded as required, static-sensitive items not being handled 
in unprotected or unauthorized areas, and no static-generating materials at the grounded work station. 

Sleeve Protectors (minimum of once a week). 

A visual check sha11 be made to determine that each operator wearing loose-fitting or long-sleeved clothing either has 
sleeves properly rolled or covered with sleeve protectors properly grounded to the bare skin at the wrist. 

Static Voltage Levels (minimum of !,Ince a week). 

In addition to the visual inspections, a sample inspection using an electrostatic voltmeter will be used to check for 
uncontrolled electrostatic voltages at or near electrostatic-controlled work stations. 

Conductive Floor Tiles (minimum of once a, month). 

Conductive floors must have a resistance of not less than 25 kIl from any point on the tile to earth ground. Also, resistance 
from any point-to-point on the tile floor 3 feet apart sha11 be not less than 25 kIl. The test methods to be used are 
ASTM-F-150-72 and NFPA 56. 

Records 

Written records must be kept of all these QC audits. 

TRAINING 

II· . Training is applicable for all areas where individuals come in contact with ESDS (category A) devices. It is the responsibility 
of each Area Supervisor to make sure that his/her people receive ESD training initially and every 12 months thereafter to 

o maintain proficiency. Training should include static fundamentals, a review of applicable parts of this specification, and actual 
CD applications in the work area. 
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INTRODUCTION 

To aid in interfacing TTL system signals to High-speed 
CMOS (HCMOS) systems, Texas Instruments has 
included in its HCMOS family a subfamily of 'HCT 
devices. While functionally identical to their 'HC 
counterparts, the input voltage thresholds of the 'HCT 
subfamily are designed to recognize TTL-level voltages. 
The output voltages of the 'HCT devices are identical to 
those of the 'HC devices, i.e., rail-to-rail. 

TTL to RCMOS Interface 
There is an incompatibility between TTL output 

voltages and the HCMOS input voltages, specifically the 
VOH of TTL and VIH of HCMOS. To overcome this 
incompatibility there are at least three methods to 
interface TTL signals to HCMOS. The first method is to 
use the HCMOS subfamily 'HCT. The second method 
involves using a pull-up resistor to pull-up the VOH of the 
TTL gate to a voltage that is greater than the VIH of the 
HCMOS device. The final method is to use a voltage level 
shifter. 

Using the 'HCT devices is by far the easiest. The 
'HCT devices were designed specifically for this type of 
application. Use of 'HCT devices enables the system 
designer to reduce the number of discrete components (no 
pull-up resistors), and receive the benefits of HCMOS. 

Using pull-up resistors to interface the TTL signals 
to HCMOS requires the system designer to calculate the 
range of acceptable values for the pull-up resistor. The 
lower limit is determined by the current sinking capability 
of the driving gate. 

. VCC - VOL max 
Rpmm ;;. 

IOL + nllL 

Where n is the number of gates in the fanout. 

Determining the upper limit of the pull-up resistor is 
not as simple. The upper limit must satisfy two constraints. 
The first is limited by the input current of the driven gate. 
Since the driven gate is HCMOS the input current will be 
extremely small (on the order of a nanoamp). 

VCC - VIH min 
Rp max = I nIH 

Where n is the number of gates in the fanout 

In this equation, IOH of the driving gate has been 
omitted because all the current is being supplied through 
the pull-up resistor. For the second constraint, Rp max is 
derived through the following equation: 

Where 

t is the maximum rise time requirement of 500 ns 
C is the input capacitance of 3 pF typ., 10 pF max 

Rearranging the equation: 

e-t/RpC = 1 - (VIHiVed 

Solving for Rp: 

R - -t 
P - C In(l- VIHiV cd 

Therefore R max ~ V cc ..,. VIH 
p nllL 

and Rp max ~ -t 
C In(I-VIHiVed 

The upper limit to the pull-up resistor will be most 
influenced by the rise time requirement of the input signal. 
The larger the resistor, the longer the rise time of the input 
signal. This will adversely affect the propagation delay of 
the input signal. By reducing the value of the pull-up 
resistor, the rise time of the input signal will benefit, but 
the current through the pull-up resistor will be increased. 
This will have an adverse effect on the system. power 
consumption. 

The last method uses a voltage level shifter to make 
the TTL signals HCMOS compatible. This method has a 
major drawback, in that the level shifter performs no logic 
function. Therefore additional logic will have to be added 
to the system, increasing the board area. 

From a designer's point of view, using 'HCT devices 
to interface TTL signal to HCMOS is by far the easiest 
and most efficient method. 'HCT devices provide the 
voltage-level shifting and the logic function in a single 
chip. In addition, there is no need to compromise between 
the input signal rise time and the pull-up resistor current. 

'ReT Operating Voltages 
The 'HCT devices have a limited Vee operating 

range due to the fact that these devices must be able to 
recognize TTL-level voltages. Although the 'HCT devices 
will operate from 2 V to 6 V (same as 'HC devices), there 
are two major disadvantages in addition to the fact that 
there are no gnaranteed specifications for operation 
outside the 4.5 V to 5.5 V Vee range. First, the noise 
margins, especially the low-voltage noise margin, will 
become smaller and smaller as the Vee is decreased. 
Second, the input voltage thresholds will no longer remain 
TTL-level compatible, which is the primary function of 
'HCT. 
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'BeT Noise Immunity 
Noise immunity is an important criterion in system 

designs. Noise immunity has two components: high
voltage noise margin and low-voltage noise margin. High
voltage noise margin is the voltage difference between the 
guaranteed VOH of the driving gate and the guaranteed V 
IH of the driven gate. Low-voltage noise margin is the 
voltage difference between the guaranteed VIL of the 
driven gate and the guaranteed VOL of the driving gate. 
These two 'components of noise immunity are illustrated in 
Figure 1. 

It is desirable to have both noise margins as large as 
possible, and the area in between (the uncertain region) as 
small as possibl.e. If the noise margins are not large 
enough for a parti-cular application, noise from any 

Vo DRIVING DEVICE 

z 
:(z 
1-0 
0:
wCl 
u w 
ZO: 
:l 

VI DRIVEN DEVICE 

Figure 1. Noise Margins 

internal or external source will cause the input/output driven from either another 'HCT device or an 'HC device. 
signal to fall into the !!ncertain region and possibly cause a Although this may be advantageous for noise margins, the 
bit error to enter the system. Three possible sources of 'HCT device is in the wrong application. The 'HCT 
internal noise are inductive and resistive drops, capacitive devices are designed to interface from TTL-level signals to 
coupling from another logic node, and mutual inductance HCMOS-level signals. Using the 'HCT device in its 
with another logic node. External noise sources are mainly appropriate application, i.e., an 'HCT device driven by an 
radio signals. LSTTL device, the noise margins will be identical to those 

Figure 2 illustrates the guaranteed noise margins of of 'LS. The 'HC noise margins allow a greater magnitude 
'HC, 'HCT and 'LS devices. As can be seen, 'HC devices of noise within the system without causing errors. This is 
have high- and low-voltage noise margins of 29% and 19% very beneficial for applications in high noise 
of Vee respectively. A comparision of these noise margins environments. Figure 3 illustrates the noise margins of 
to those of 'LS devices, shows that 'HC devices have more 'HC and 'HCT with respect to the devices' actual switching 
than twice the guaranteed noise margins than 'LS devices. threshold voltages. The switching threshold voltage is the 
The 'HCT devices seem to have a larger noise margins voltage to which the input transistors "compare" the 
than the 'HC devices. However, this is slightly deceiving. voltage on the input pin. If the input voltage is greater 
The only confignration to achieve the large high-voltage than the threshold voltage, then the input transistors 
noise margin is to have the input of the 'HCT device be recognize this input as a logic 1. If the input voltage is less 
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I-Cl I ~ 6 VNHrC) = 0.29 Vee 

T 

VIL =O.BV 

VNL(LS) = 0.08 vee. 

VOL=OAV 

4 VIH =0.7 VCC 

HCT 

3 

,VIL = 0.2 VCC 

• (HC) =0.19 VCC 

J.---':~-=~4.-.JIl ••• ~-J VOL ~ 0.1 V 
6 2 

VCC=5V±10% 

_ POWER SUPPLY VOLTAGE 

Figure 2. Guaranteed Noise Margins for 
'HC and 'LS Devices 
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Figure 3. 1Ypical Noise Margins Based on Threshold 
Voltages for 'HC and 'HCT Devices 

than the threshold voltage, the input transistors recognize 
the input as a logic O. This figure again presents slightly 
deceiving 'HCT noise margins for the same reasons as 
previously explained. Note that while both 'HC and 'HCT 
noise margins have been enlarged, the 'HC noise margins 
approach the ideal situation, 50% of Vee. 'HCT, on the 
other hand, although exhibiting a larger high-voltage noise 
margin than 'HC, has a smaller low-voltage noise margin. 
In an 'HC system, both the high- and low-voltage noise 
margins are almost 50% of Vee, and consequently, in an 
actual system environment, there is very little possibility 
for noise to introduce a bit error into the system. 

Fot the best overall noise margins in a system, a 
combination of 'HCT and 'HC devices are used. The 
'HCT devices are used to interface the TTL-level signals 
to the HCMOS. The 'HC devices are for the other parts of 
the system not involved with TTL-level input signals. 

'HCT Power Consumption 
To' enable the 'HCT devices to recognize the TTL 

logic levels, the input transistor pair geometries were 
altered. In an 'HC device, the width of the gate of the 
input P-channel transistor is approximately twice the width 
of the gate of the N-channel transistor. For 'HCT devices, 
this configuration has been changed so that the N -channel 
transistor gate is approximately seven times wider than the 
P-channel transistor gate. This is illustrated in Figure 4. It 
should be noted that the gate width is the parameter that 
changes, not the gate length, which remains 3 .... m in both 
the 'HC and 'HCT devices. The end result achieved with 
this new input structure configuration is the capability of 
turning on the N -channel transistor at a lower input 
voltage. 

To achieve the above results, however, trade-offs are 
required. A major advantage of the HCMOS structure is 
its low-power consumption. Because of the larger N
channel transistor in the input structure of 'HCT device, 
more supply current is drawn by these devices. This is due 
to the N-channel transistor not completely turning off 
when a TTL-level voltage is applied to the input, an effect 
especially apparent when a TTL VOL level is applied. To 
aid the system designer in using 'HCT devices, Texas 
Instruments includes in the dc tables of the 1984 High
Speed CMOS data book for 'HCT devices a parameter, 
alec, which is the additional supply current drawn by the 
device when one input is at the specified TTL-level voltage 
rather than at 0 V or Vee. Typical and maximum values 
are specified. 

Figure 5 illustrates this increase in supply current by 
comparing ICC for a 'HCT243 with TTL-voltage levels on 
one input versus TTL-voltage levels on four inputs. For 
this test, each output is loaded with a 50-pF capacitor and 
the input signal was a 0.5-V to 2.4-V peak-to-peak square 
wave with a 50% duty cycle. Figure 6 shows the supply 
current drawn by an 'HCT243 in the same circuit but with 
a 0-V to 5-V square wave with a 50% duty cycle. When the 
input to an 'HCT device is rail-to-rail, the 'HCT device 
draws no more current than is drawn by an 'HC device 
under the same conditions. Figure 7 shows a comparison 
of supply current drawn by an 'HCT device when 
subjected to TTL-voltage level inputs versus rail-to-rail 
inputs, with all four inputs being switched simultaneously. 

At frequencies above 5 MHz, the additional supply 
current is relatively insignificant (approximately 2 rnA), 
but at lower operating frequencies the difference in the 
total supply current as a percentage becomes much more 
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•. SCHEMATIC OF INPUT TRANSISTOR PAIR 

P CHANNEL N CHANNEL 

b. HC GATE: P-CHANNEL GATE WIDTH 
2 TIMES N'CHANNEL GATE 

c. HCT GATE: N-CHANNEL GATE WIDTH 

7 TIMES P-CHANNEL GATE 

Figure 4_ Comparison of 'HC and 'HCT Input Gates 

) 

significant. Because of this, the use of 'HCf devices may 
not seem to be a particularly desirable solution for 
interfacing TTL-level voltages to HCMOS. The TTL-level 
inputs in Figure 7 were the guaranteed VOH and VOL' 
These guaranteed voltages are for a specified current 
being sinked or sourced by the TTL device. In fact, 
because 'HC and 'HCT devices are voltage level sensitive 
(Le., they require no input current), the VOH of the 
driving TTL gate, when driving HCMOS, will be much 
higher than the guaranteed voltage. Typically, the VOH of 
an 'LS gate will be approximately one VBE plus a 
VCE(sat) below VCC, and the VOL of an 'LS gate will be 
approximately one VCE(sat) above ground. Due to this, 
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Figure 5_ 'HCT243 Power Consumption with TTL Level 
Voltages on the Inputs 

HCT243 POWER CONSUMPTION 
o - 5.0 V Square Wave 50% Duty Cycle 

30r--------------------------------, 
TA=25"C 

28 VCC=5V 

22 

Input Frequency (l1liHz) 

Figure 6_ 'HCT243 Power Consumption with 
"RaiI-to-Rail" Voltages on the Inputs 

the additional ICC drawn by the 'HCT gate will not be as 
significant. 

By comparison, an alternative method for 
interfacing TTL signals to 'HC is the use of pull-up 
resistors (See Note 1), but here again trade-offs will have 
to be made. Using larger value pull-up resistors decreases 
the amount of additional supply current drawn, but 
degrades the rise time of the input signal to the 'HC gate, 
limiting the use of this method in high-speed systems. 
Decreasing the value of the pull-up resistor will shorten 
the rise time, but will cause the supply current to increase. 
The best overall solution is the use of 'HCf devices, which 
reduces also the number of discrete components required 
in the circuit. 

N01e 1: A complc1e description on how to in1erface TTL sys1ems to 
HCMOS syS1ems, and vice versa, is given in the Texas Instruments 
High-Speed Silicon-Gate CMOS data book. 



Overall, the 'HCT devices provide a simple and 
efficient means for a system designer to interface TTL
level voltages to HCMOS systems, and gain many of the 
advantages of HCMOS. 

HCT243 POWER CONSUMPTION 
HC Level Inputs Vs TTL level Inputs 

32 TA=25 

28 
VCC=5V 

24 
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! 
16 tJ 

!:? 
12 

8 

4 

0 
0.1 0,5 1.0 5.0 10.0 15.0 20.0 

Input Frequency (MHz) 

Figure 7. 'HCT243 Power Consumption Comparison of 
TTL Level Inputs to "Rail·to·Rail" Inputs 

Propagation delays 
One other drawback to the use of 'HCT is the added 

propagation delay. Although there are no additional 
stages in an 'HCT device, compared to an 'HC device, the 
relatively small p-channel device has more difficulty 
charging and discharging the capacitance associated with 
the relatively large n-channel device. This results in an 
increase in propagation delay of approximately 1 to 2 ns 
for each 'HCT input. 

'HCT Bergeron Analysis 
Within a logic system, it is important to know 

whether or not a signal sent from one subsystem will cause 
incident wave or reflected wave switching on the input of 
the receiving subsystem. The incident wave or reflected 
wave switching issue is important because the transition 
times of the outputs are as fast or faster than the 
propagation times within the system's buses, causing the 
system buses to have characteristics similar to those of 
transmission lines. This in conjunction with impedance 
discontinuities, will cause signal reflections on the system's 
buses. These signal reflections may produce additional 
propagation delays, ringing, and overshoot. 

Due to the fact that digital logic devices do not have 
linear input and output characteristics, the basic 
transmission line equations are not easily applied. What is 
needed is a simple method that will produce reasonably 
accurate results. Using Bergeron diagrams, the digital 
logic interconnections can be analyzed through a simple 
graphics technique. 
. To illustrate the graphical technique, we are using an 
example of an ' ALSOO driving an 'HCT245 through a 30-0 
transmission line. The first step is to plot the VOVIOL 
and V ()B-IOH characteristics of the driving gate and the 

VIL-IIL and VIH-IIH characteristic of the driven gate as 
illustrated in Figure 8. For switching from a logic I to a 
logic 0, the next step is to draw a line from the VOH point 
(Point to in Figure 9) on the Vo axis toward the output 
characteristic of the driving gate. The slope of the line is 
- liZ, where Z is the impedance of the transmission line. 
At the intersection of the - liZ line and the output 
characteristic (Point t I in Figure 9), a new line is drawn 
toward the Vo axis. The slope of this line is + liZ. the 
second Vo axis intersection (Point t2 in Figure 9) or the 
intersection with the input characteristic, is the voltage seen 
by the driven gate. If this voltage is less than the switching 
threshold voltage, then incident wave switching will be 
achieved. If the second Vo axis intersection is not less than 
the switching threshold voltage then reflected wave switching 
will occur. 

IOH (mAl 

~--t---I---t-....3..--i1-+ Vo (VI 
3 4 

IOl (rnA) 

Note: The input characteristics of 'HC and 'HCT will have no effect 
on the results of the analysis, and therefore have been omitted. 

Figure 8. Output Characteristics of Driving Gate 
('ALSOO) 

For switching from logic 0 to 'Iogic 1 the same 
procedure previously described is followed except the 
VOWIOH characteristic of the driving gate and the 
VIH-IIH characteristic of the driven gate are used 
(see Figure 10). The initial -liZ line is drawn from the 
VOL point (Point to in Figure 10) on the Vo axis toward 
the output characteristic (Point tl on Figure 10). The same 
criterion for incident wave switching is used; the second 
Vo axis intersection (Point t2 on Figure 10) must be 
greater than the switching threshold voltage. 

In the preceding example, the switching threshold 
voltage was used as the criterion for incident versus 
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Figure 9. Bergeron Diagram for Switching from a 
Logic 1 to a Logic 0 Using an 'ALSOO 

Driving an 'HCT Device 

IOH (rnA) 

Figure 10. Bergeron Diagram for Switching from a 
Logic 0 to a Logic 1 Using an' ALSOO 

Driving an 'HCT Device 

reflected wave switching. The switching threshold voltage 
is where the device decides if the voltage on the input is 
low enough for a logic 0, or high enough for a logic 1. For 
'HCf devices this voltage will be around 1.5 V, and for 
'HC devices the threshold voltage will be around one half 
of Vee. To be guaranteed that the receiving gate will 
switch, the load lines must intersect the Vo axis at a 
voltage less than the guaranteed VIL or greater than the 
guaranteed VIH. 
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Using the same analysis method, it can be seen (see 
Figure 11) that _an 'HCT device driving another 'HCT 
device will have difficulty achieving incident wave 
switching on low-impedance transmission line (see the 
load lines for the 30-0 line for a logic 1 to logic 0 
transition). Because 'HC and 'HCT have the same output 
characteristics, and because 'HC has its thresholds at a 
higher voltage, the 'HC device can achieve incident wave 
switching on the low-impedance line. 

In order -to maintain the ability to drive low
impedance' transmission lines throughout the system, 
'HCf devices should be used only at-the TTL interface, 
and 'HC devices should be used elsewhere. 

VOIIO Characteristic of HC and HCT 
80 

60 

i 
E 
:E 
! 
9 

-60 

0 2 4 
Vo (Volts) 

Figure 11. Bergeron Diagram of 'HC/'HCT 
Driving 'HC/'HCT Device 

Summary 
The major application of 'HCf is to provide the 

interface between TTL signals and HCMOS. Due to the 
fact that the input transistor pair geometries were altered 
to provide TTL compatibility, there were some inherent 
drawbacks. For this reason 'HCf should be used only at 
the TTL interface, and elsewhere 'HC should be \1sed. 
This will result in optimum system performance. 

As the HCMOS technology progresses, more and 
more systems will be designed in Silicon-Gate CMOS, 
especially with more LSI functions being offered (e.g., 
memories and microprocessors). Consequently the trend 
is expected towards CMOS levels on the interconnecting 
buses. Once this occurs, the need for 'HCT functions will 
diminish rapidly. 
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INTRODUCTION 

There is considerable confusion over the maximum input and 
output voltage specifications for the '74HC devices. Basically 
there are two questions: what exactly do the specifications 
mean; and why do different manufacturers have different 
specifications? This report answers these questions by 
considering the input and output structures of '74HC devices. 

INPUT STRUCTURES 

The maximum input and output voltages and currents 
that can be applied to a '74HC device are primarily 
determined by the ESD structures. Figure 1 illustrates the 
input structure used on Texas Instruments SN74HC family, 

Figure 1. Tl's ESD Input Protection Circuitry 

and Figure 2 illustrates the structure commonly used by other 
manufacturers of the '74HC product line. It is beyond the 
scope of this report to discuss the relative merits of each 
structure from an ESD protection standpoint. Therefore, how 
the specifications are affected by each structure is discussed. 

INPUT PIN --..... "' ... "'.-I~~...Jo:"":,,:,......--.~ TOGATES 

POLY RESISTOR j' 
Figure 2. Other Manufacturers' ESD Input 

Protection Circuitry 

From Figure 1 it can be seen that in the Texas 
Instruments' input structure, a voltage in excess of Vee will 
be clamped to a VBE above Vee by the protection diode. 
A voltage below ground will be similarly clamped to a VBE 
'below ground, this time by the base-emitter junction of the 
distributed n-p-n transistor. Therefore, when the input voltage 
is taken outside the Vee or ground rails, the characteristics 
of a forward-biased diode can be seen. Thus, it is meaningless 

to specify a maximum input voltage (either positive or 
negative), It is the current through the forward-biased diode 
which is the limiting parameter. If this current becomes too 
large, there is the possibility of damage to the device either 
from blowing the bond wire or excessively heating the diode 
(or transistor). 

The JEDEC committee does indeed recommend a 
maximum input voltage of Vee + 0.5 V (in the positive 
direction) and -0.5 V (in the negative direction). This 
parameter can best be regarded as an indication that the 
protection devices are present rather than a "traditional" 
maximum voltage specification. For this reason Texas 
Instruments does not include this parameter on the data sheet. 

The key parameter included on the Texas Instruments 
data sheet is the input diode current, and this diode current 
corresponds to the JEDEC recommended limit. The 
parameter, IlK, has a maximum value of ±20 mA, which 
is the maximum current that can be allowed to flow 
continuously through the input protection structures. The 
peak value of this current has a much higher value and is 
usually limited by the degree of latch-up protection existing 
on the input. 

The structure shown in Figure 2 is different from the 
Texas Instruments protection circuitry. In this configuration 
a polysilicon resistor is located in series with the protection 
diodes. The affect of this resistor on the input voltage 
parameters is to limit the current flowing through the 
protection diodes. The existence of this diode is the reason 
why some manufacturers have chosen to specify the 
maximum input voltage as Vee + 1.5 V (positive) and 
-1.5 V (negative). Since the input voltage corresponds to 
the V BE of the protection diode plus the IR drop across the 
resistor, this maximum input voltage specification ensures 
the current flowing through the input structure is limited to 
the JEDEC 20 mA value. 

OUTPUT STRUCTURES 

The output structure is illustrated in Figure 3. In this 
case it is the same for all manufacturers. Since two of the 
diodes are parasitic in the output transistors, no alternative 
is possible. The same considerations discussed earlier for 
the inputs are true for the outputs. Therefore, the output 
voltage will also be clamped to a VBE above the supply and 
below the ground rails. A specification similar to the input 
diode current exists for the output diode current (10K). The 
maximum value is also ± 20 mA, corresponding to the 
JEDEC recommendation. JEDEC also has a recommended 
maximum output voltage specification of Vee + 0.5 V or 
-0.5 V. The manufacturers use these same limits when 
output voltages are specified. As with the maximum input 
voltage specification, this parameter has limited usefulness. 
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Figure 3. ESD Output Protection Circuitry 
Dl AND D2 ARE PARASITIC DIODES 

APPLICATION CONSIDERATIONS 

Now that the input and output structures and the 
parameters associated with them have been discussed, their 
~ffects in an application will be examined. It is convenient 
to consider transient effects and steady-state effects 
individually . 

. , In the steady state, if two systems or subsystems are 
interconnected, and each has its own power supply, the 
protection structures limit the difference between the two 
supply voltages. If this difference exceeds a VBE, then 
excessive supply current will be drawn from the higher of 
the two supplies through the input protection structures of 
devices powered from the other supply (Figure 4). If this 

INPUT GATE 

OUTPUT GATE 

Figure 4. Interconnected Structures with 
Separate Supplies 

current is not limited to a safe value, there is the potential 
to damage the devices. However·, in almost all applications, 
the increase in supply current will be undesirable. It should 
be noted in this case that neither of the two input structures 
offers an advantage over the other as the output protection 
structures limit the difference in supply voltage. This is the 
only steady-state effect likely to be of interest in most 
applications. The only other possibility is that voltages may 
be applied to '74HC inputs from sources external to the 
system, and these voltages exceed V CC. In this case, 
additional resistors will be required in series with the inputs, 
regardless of the input structure used, in order to limit the 
input current to a safe value. This situation should be avoided 

4-50 

whenever possible as the advantage of the '74HC family's 
high input impedance will be lost. 

Under certain transient load conditions, particularly 
when driving high capacitances or unterminated transmission 
lines, undershoot or overshoot can occur. The output 
impedance of the SN74HC family is approximately 50 (J for 
standard outputs, and approximately 25 (J for high current 
outputs (Figure 5). This output impedance is symmetrical, 
having about the same slope regardless of whether the output 
is in a high or a low state. This alone overcomes many of 
the transient problems experienced with bipolar circuits, since 
the SN74HC family's output impedance tends to damp out 
any overshoot or undershoot. 
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Figure 5. SN74HC Output Impedances 
(Vee = 5 V, TA = 25°C) 



In an HC system, if undershoot or overshoot is present 
or exceeds the tum-on voltage of the protection structures, 
then an excess current will flow for the same reasons 
discussed: However, this time it will only be a transient 
current and it is possible to exceed the maximum 11K or 10K 

ratings without causing damage to the device (11K and 10K 

are continuous ratings). Unfortunately there is no peak 
current limit in the existing specifications. However, in 
practice the maximum limit is determined by the degree of 
latch-up immunity offered by the devices being used. This 
is to be expected since transients of this nature are the major 
cause of latch-up problems. Therefore the manufacturer's 
latch-up specifications should be carefully studied to 
determine how much overshoot or undershoot can be 
tolerated. A review of the specifications will reveal a 
considerable variation between manufacturers. Some do not 
even specify any degree of latch-up suppression. For this 
reason Texas Instruments developed latch-up suppression 
circuitry capable of withstanding in excess of 250 rnA at 
25°C, or in excess of 100 rnA at 125°C. 

Referring to the schematics for the input protection 
structures (Figures 1 and 2), it will be seen that the version 
shown in Figure 2 does offer an advantage in the transient 
mode of operation as the poly resistor will inhibit the current 

flowing through the diodes. However, the output structures 
are again the limiting parameter as the outputs are also 
susceptible to the transients and are capable of latching up 
under extreme conditions. 

In summary, under transient conditions, external current 
limiting will not be required for most applications unless 
severe overshoot or undershoot is present which would result 
in input or output currents comparable to the trigger currents 
of the parasitic SCRs inherent in HC devices. 

CONCLUSION 

As a result of the use of different ESD protection 
structures, manufacturers specify different absolute 
maximum voltage ratings for the input of HC devices. This 
difference is of little importance to the system designer. The 
maximum input current is really the key input parameter 
which determines whether or not a device will be damaged. 
The output ESD protection structures, which are inherent 
in the output transistors, set the lower limit on the maximum 
voltage that can be withstood on the outputs without forward 
biasing these protection structures. Such forward biasing may 
result in excessive current drain or, in extreme cases, device 
damage. 
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IMPORTANT NOTICE 

Texas Instruments (TI) reserves the right to make changes in the 
devices or the device specifications identified in this publication 
without notice. TI advises its customers to obtain the latest version 
of device specifications to verify, before placing orders, that the 
information being relied upon by the customer is current. 

TI warrants performance of its semiconductor products to current 
specifications in accordance with TI's standard warranty. Testing and 
other quality control techniques are utilized to the extent TI deems 
such testing necessary to support this warranty. Unless mandated 
by government requirements, specific testing of all parameters of each 
device is not necessarily performed. 

In the absence of written agreement to the contrary, TI assumes no 
liability for TI applications assistance, customer's product design, or 
infringement of patents or copyrights ofthird parties by or arising from 
use of semiconductor devices described herein. Nor does TI warrant 
or represent that any license, either express or implied, is granted 
under any patent right, copyright, or other intellectual property right 
of TI covering or relating to any combination, machine, or process in 
which such semiconductor devices might be or are used. 

Copyright © 1986, Texas Instruments Incorporated 



CMOS devices offer a designer many desirable features, the 
most important one being a low power consumption. 
However, in some systems a designer will find that even the 
low power consumption of CMOS is insufficient to meet his 
power supply constraints. Therefore, some designers will 
utilize partial system power-down or multiple Vee supplies 
to meet their system power requirements. 

Whenever a system incorporates the use of multiple 
Vee supplies or partial power-down, the designer must take 
into account· several important device parameters if he is 
using High-Speed CMOS (HC) or Advanced CMOS (ACL) 
devices. This is necessary to· avoid excessive power 
dissipation and prevent damage to a device that could lead 
to a degradation in the reliability of the device. These 
parameters are the continuous input and output diode currents 
(IlK and 10K> and the continuous output current (10). IlK 
and 10K refer to the continuous current that is flowing 
through the input and output electrostatic discharge (ESD) 
protection circuits (Figure 1 shows functionally equivalent 
schematics of the ESD structures for HC and ACL devices). 

VCC 

INPUT ---t--- • 
• 
• 

VCC 

--+-- OUTPUT 

(8) HC EQUIVALENT ESD STRUCTURE 

VCC 

INPUT ---11---
• 
• 
• 

VCC 

--t-- OUTPUT 

(b) ACL EQUIVALENT ESD STRUCTURE 

Figure 1. Simplified ESD Structures for 
HC and ACL Devices 

10 is the continuous current flowing through one of the two 
output transistors. Table I shows the absolute maximum 
ratings for 11K, 10K, and 10 for both HC and ACL devices, 
as listed on device data sheets. 

Table 1. Absolute Maximum Values for 10. 
11K and 10K 

ABSOLUTE MAXIMUM 

PARAMETER HIGH-SPEEO ADVANCED 

CMOS (HCI CMOS (ACLI 

10 
± 25 rnA (Standardl 

±50 rnA 
± 35 rnA (High-Currentl 

11K ±20rnA ±20 rnA 

10K ±20 rnA ±20 rnA 

To understand how IlK, 10K, and 10 can affect a 
system design, consider an example of a partial system 
power-down. Figure 2 illustrates a partial power-down 
situation where a device powered with Vee' = 5 V is driving 
a device without power applied. The input voltage to the non
powered device exceeds Vee by more than the threshold 
voltage (0.6 to 0.8 volts), causing the ESD protection 
structure to conduct whenever the output of the driver is in 
a high state. Therefore, the driving device will power-up the 
receixing device and any other device sharing the same Vee 
line. If no current limiting is provided, then the maximum 
10 of the driving device and the maximum IlK of the 
receiving device could be exceeded. 

Figure 2. Example of Partial System Power-Down 
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Several methods are available to protect the driving and 
receiving devices during partial system power-down. If the 
driving device has three-state outputs, then placing the 
outputs in a high-impedance state will provide the best 
solution. However, if this is not a viable option, then some 
method of current limiting must be provided. Figure 3 shows 
several methods that can be used, with current-limiting series 
resistors being the simplest. The value of the resistor is 
chosen to limit the current into the receiving device to less 
than 20 rnA. The major drawback to using a current-limiting 
resistor is power dissipation. Another drawback is the effect 
that the resistor has on the input transition time at the 
receiving device during normal system operation. If the total 
capacitance of the interconnects and receiving devices is high 
(Le., a high-capacitance bus), then a current-limiting resistor 
will increase the input transition time. A system designer will 
have to ensure that the addition of the resistor will not 
increase the input transition time above the maximum input 
transition time of the receiving device. 

Vee - 5 V Vee - 0 V 

=t>------.!.......-----iE>=-
(a) RESISTOR CURRENT LIMITING 

Vee - 5 V Vee - 0 V 

=t> ~ 'i E>=-li (0' ~-D_ CUlUOO<l" "",."NO 

c 
CD 
(I) cEo 
::::s 
CD ..... 
(I) 

;--o ... 
3 
C» .... 
0" 
::::s 

Figure 3. Current Limiting for a 
Partial System Power-Down 

A second method of current limiting shown in Figure 3 
involves the use of a pull-up resistor and a diode. The 
advantage of this method is that it allows for the use of a 
large resistor, thereby holding power dissipation to a 
minimum. The disadvantage of this method is that it requires 
the use of additional components and results in a higher value 
of VIL at the receiving device . 

A second example of how a partial power-down can 
cause unwanted operation is the case of two drivers connected 
to the same bus with one device powered down, as shown 
in Figure 4. Iii this case, the first bus driver will attempt 
to power-up the second bus driver and any other devices 
sharing the same Vee line through the output ESD structure 
of the unpowered device. 

4-56 

Vee - 5V Vee = 5 V 

Vee = 0 V 

Figure 4. Partial Power-Down with Bus Drivers 

Several methods are available to solve this type of 
problem. One method is simply to use a current limiting 
resistor as outlined above. Another sohltion is to isolate the 
unpowered driver from the Vee line by means of a diode 
between the power pin and the Vee supply. If the unpowered 
device is a transceiver, then pull-up or pull-down resistors 
are required on the output control inputs to disable the 
outputs. Not disabling the transceiver outputs would allow 
the transceiver to power up the unpowered devices that are 
driven by its outputs. Whenever an isolating diode is used, 
the Vee at the driver will always be a diode forward drop 
below the voltage of the supply, resulting in a degradation 
of VOH. Figure 5 illustrates these circuit solutions. 

Another example of a system that could require current 
limiting protection is one that uses multiple Vee supplies, 
or provides each card with its own on-board voltage 
regulator. If the Vee supplies of two connecting devices 
differ by more than 0.5 V dc, then a current limiting scheme 
should be considered if the driving device is a CMOS device 
and is connected to the higher Vee. This is necessary 
because VOH of a CMOS device will be the same as Vee 

. whenever the IOH requirement is very small. Therefore the 
input ESD protection diode could conduct if the Vee of the 
driver (or VOH) exceeds the Vee of the receiver by more 
than 0.5 V dc. It should be pointed out that it is the resulting 
current flow that causes the degradation of the diode, not 
the voltage. Note: This applies only to supplies that vary 
by more than 0.5 V dc. Dynamic switching currents could 
cause transient voltage spiking on Vee lines such that a 
0.5 V difference between supplies could easily exist. These 
transients will not cause a problem as long as their duration 
is short (less than 20 ns). 



Vee - 5 V Vee - 5 V 

Vee - 0 V 

R 

(0) CURRENT LIMITING RESISTOR 

Vee - 5 V Vee - 5 V 

Vee - 0 V 

(b) DIODE ISOLATION (FOR A TRANSCEIVER, 
DISABLE OUTPUTS) 

Figure 5. Current Limiting for Bus Drivers 
During Partial Power-Down 

Partial system power-down offers a designer a 
convenient method to save on system power consumption. 
However, when a partial power-down scheme is used, a 
designer must take steps to ensure that no damage occurs 
to devices and to avoid excessive power dissipation. He must 
also take similar precautions when using multiple Vee 
supplies if the supplies of two connecting devices differ by 
more than 0.5 V dc. 
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ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book. unless otherwise noted. apply for circuit type(s) listed 
in the page heading regardless of package. The availability of a circuit function in a particular package 
is denoted by an alphabetical reference above the pin-connection diagram(s). These alphabetical references 
refer to mechanical outline drawings shown in this section. 

Factory orders for circuits described in this catalog should include a four-part type number as explained 
in the following example. 

EXAMPLE SN 54HC02 

(1. Prefix )f--__________ Jf 

MUST CONTAIN TWO TO FOUR LETIERS 

SN Standard Prefix 

SNJ MIL-STD-883 Processed and Screened 

per JEDEC Standard 101 

JANB MIL-M-38510 Processed 

2. Unique Circuit Description 

MUST CONTAIN SIX TO NINE CHARACTERS 

Examples: 

54HCOO 

74HC74 

74HCT620 

74HC4002 

3. Package 

MUST CONTAIN ONE OR TWO LETIERS 

J. JT. N. NT (Dual-in-line packages)t 
D. OW ("Small Outline" Packages) 
FK (Lead(ess Ceramic Chip Carrier) 
(From pin-connection diagram on individual data sheet) 

4. Instructions (Dash No.) 

MUST CONTAIN TWO NUMBERS 

- 00 No special instructions 

- 10 Solder-dipped leads (N and NT packages only) 

tFor tape and reel information refer to page 15 of this section. 

J -Oat 

*These circuits in dual-in-line packages are shipped in one of the carriers shown below. Unless a specific method of shipment is specified 
by the customer (with possible additional costs). circuits will be shipped in the most practical carrier. Please contact your TI sales 
representative for the method that will best suit your particular needs. 

Dual-in-line (J, JT, N, NT) 

- Slide Magazines 

- A-Channel Plastic Tubing 

- Barnes Carrier (N only) 

- Sectioned Cardboard Box 

- Individual Plastic Box 

TEXAS .." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 
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MECHANICAL DATA 

D plastic "small outline" packagl!s 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

D PLASTIC PACKAGE 
Il6-pin package used for illustration I 

r 
f I 

6.20 (0.2441 ,-E6:!:::6:!::!::::!::!::::!,6~6:!:::6:!;;!ri 
5.80 (0.2281 I 

4.00 (0.1571 

3.81 (0.1501 

*--~;::;:;::;:::r:::::;:;~::;::;:;Y 

1.75 (0.0691 

1,35 (0.0531 i 7"MAX 

4 PLACES 

j l 0,457 (0.0181 
0,356 (0.0141 

0.79 (0.0311 

0,2810.0111 PIN SPACING 
1.27 10.0501 
ISee Note A) 

~ DIM 

A MIN 

A MAX 

8 14 

4.80 8.55 

10.1891 10.3371 

5,00 8.74 

10.197) 10.344) 

16 

9.80 

10.386) 

10.00 

10.394) 

All LINEAR DIMENSIONS ARE IN MilliMETERS AND PARENTHETICAllY IN INCHES 

NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
B. Body dimensions do not include mold flash or protrusion. 
C. Mold flash or protrusion shall not exceed 0,15 10.0061. 
D. lead tips to be planar within ±0,051 10.0021 exclusive of solder. 

TEXAS ~ 
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MECHANICAL DATA 

OW plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

OW PLASTIC PACKAGE 
(20-pin package used for illustration) 

Ir~f' 
10,65 (0.419) r 20 
10,15 [p.4oo) 

7,55 (0.297) 

7.4"1
2931 ~~~~~~~~~~~~~ 

~ DIM 
16 20 

A MIN 
10,16 12,70 

(0.4001 (0.5001 

10.36 12.90 

9,010.3541 

0.' '0021 x "·L~8.6iO:338i~ 

~9 )ll r 40±40 ~70NOM ~ 'PLACES P 
0,230 [0.009) 1,27 (0.050) 

0,40 (0.016) 

24 28 t 

15.29 17,68 

(0.6021 (0.696) 

15,49 17,88 

.. ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES .. '---------------"-----' A MAX 
(0.408) (0.508) 10.610) 10.704) 

o 
I» ... 
I» 
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tThe 28-pin package drawing is presently classified as Advance Information. 
NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 

B. Body dimensions do not include mold flash or pr.otrusion. 
C. Mold flash or protrusion shall not exceed 0,15 (0.006). 
D. Lead tips to be planar within ±0,051 (0.002) exclusive of solder. 
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MECHANICAL DATA 

FK ceramic chip carrier packages 

Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid 
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (O.050-inch) 
centers. terminals require no additional cleaning or processing when used in soldered assembly. 

FK package terminal assignments conform to JEDEC Standards 1 and 2. 

FK CERAMIC CHIP CARRIER PACKAGES 
(28-terminal package shown) 

CERAMIC CHIP CARRIERS 

JEDEC NO.OF A 
OUTLINE TERMINALS MIN MAX 

DESIGNATION' 

20 
8,69 9,09 

MS004CB 
(0.342) (0.358) 

MS004CC 28 
11,23 11,63 

(0.442) (0.458) 

B 
MIN MAX 

7.80 9,09 
(0.307) (0.358) 
10,31 11,63 

(0.406) (0.458) 

*AII dimensions and notes for the specified JEDEC outline apply. 

0,71 (0.028) [ 

0,56 (0.022) "1 f----11 2,03 (0.080) 1--+ 1,63 (0.064) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 

J ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame, 
Hermetic sealing is accomplished with glass, The package is intended for insertion in mounting-hole rows 
on 7 ,62 (0,300) centers, Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering, Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly, 

14-PIN J CERAMIC 

1---'9,9410.785) 
I 19,1810.755) 

I@@@@@G® 

0,6310025)RNOM i: : : : : : 6
1 

7,8710310) \I \I \I \I \I 
I L 7,11 10.J8~J 10.290) 

Il 6,22 10.245) --II. I 1,27 0,51 10.020) MINl mJ:J (0050) NOM r;;;;;;~.;;~~;;;+_,GlASS 
f4- 1,78 (0.070) MAX 14 PLACES 

5,08 to.200) II J-\ I I J-\ I I SEALANT 

-SEATING PLANE 8MAX ~~J-\ J-\ ~ 
105' li.-J. L.. 0,6910.027) MIN 
9it' -; I 14 PLACES 

14 PLACES ~~ 05810023) 
r - ,,- ~ -+j I+- 0:38 (0:015) 14 PLACES 

0,3610.014) 3,3010.130) 
0,20 (0.008) MIN 2,54 (0.100) 
14 PLACES 1,78 (0.070) PIN SPACING 2,54 (0.100) T.P. 

4 PLACES (See Note A) 

Falls Within JEDEC TO-116 and EIA MO-001 AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal pOSition. 
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MECHANICAL DATA 

J ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 

16-PIN J CERAMIC 

'i. 'i. 

~ 
7.87 (0.3101 
7.37 (0.2901 

~:~~ :~:~:~:. 

bJt,P.~'-
~ - SEATING PLANE 

~~O« ~ 
16 PLACES \ \ 0.36 (0.0141 

.--.4 \....- 0.20 (0.0081 
16 PLACES 

I. 19.94 (0.7851 ------------.! 1 19.18 (0.7551 I 

.m·_'"'~t~~~~:J 
00000000 -1 r 1.78 (0.0701 MAX 16 PLACES 

-.---- GLASS 

5.08(02001 ~ IAA A gp 0 ~ SEALANT 

i;;5~(1~0201' l~ li~~r t ~ 0'~2(~~~~~~IN 
3.3~~~ 1301 r-1 ~ j~~ a: :g:g~~l 

0,305 (0.012) MIN 16 PLACES 

4 PLACES 

PIN SPACING 2,54 (0.100) T,P. ~:~ :~:~~~; 4 PLACES 
(See Note Al 

• For memories of 64 bits and up, a few MSIILSI products in Series 54174 and Series 54S/74S that are 
derived from memory circuit bars. and complex HCMOS parts, this maximum is 7,62 (O.300). All other 
dimensions apply without modification. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 

J ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 

20-PIN J CERAMIC 

24.7610.975) 
"'� .. 0-----23.6210.930) ------< .. ~I 

'i 'i 

7.62 10.300) 
6.22 10.245) ~ 
~:~~ ~~:~~~: .~'"-"~{~~~~~~~~j 

0000®000®@ 
1.78 10.0701 MAX 20 PLACES 1 1.2710.050) NOM 

~ 
GLASS 

~"""IIi'~"',,,",'\II!"'~~""'\II!"'~""'" SEALANT 

~ _S:t~~NEG -3.-30-1"':.-'3-0') ,.----..... ..- ~ 114-++--++-+-++- ~:~~~g~~1 MIN 

20 PLACES. MIN 

.-.I 0.2010.0081 I 0.30510.012) MI 0.3810.0151 
\~ 0.3610.0141 • ~ U 0.5810.0231 

20 PLACES 4 PLACES 20 PLACES 

PIN SPACING 2.5410.1001 T. P. 
(See Note A) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.0101 of its true longitudinal position. 
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MECHANICAL DATA 

JT024 ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the pins are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-diped") pins require no additional 
cleaning or processing when used in soldered assembly. 

24-PIN JT CERAMIC 

1-----32.5111.2801 MAX ___ --I 

0,38 (0.015) 
MN I 

5·~Ft MAX 

• I f 
~ 

--j 
t 18 (0 070) 

t- '0:76 (0:0301 24 PLACES 
GLASS 

SEALANT 

~Q Q~ ~ P 
-oj j..O.6:4' 

,30iO.130) U PIN SPACING 2.5410.100) T.P. 

MIN 

(See Note Aj 

0.027) MIN 
PLACES 

0.023) -..jj.-::i:: ----o:of5j 
24P LACES 

2,54 (0.100) MAX 
4 PLACES 

ALL LINEAR DIMENSIDNS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compoun'd. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

14-PIN N PLASTIC 

6,35 ±. 0,25 
(0.250 ± 0.010) 

198 (0,780) 

'i~'i (:'j:':~:~~o) 
2,0 (O,OBO) NOM 1 .....i. .., 1--1,7810.070) MAX 14 PLACES 

t?\'- I ."-'~ 0,25 10.010) 508 (0,200) MAX MIN 
NOM ' • ~ 

• -SEATING PLANE 1 ' .-I 0,8410,033) MIN 
~ I 14 PLACES 

14PLACES "'\\--0,3610,014) I I)~ ~~ _11_ 053310021) 
~l~~~g~~ 3,1710,125) MIN '--H--0,38110:015) 

ISee Notes Band CI 2,03;t 0,51 ISee ~o~;sA;:~d CI 
(0,080 ± 0.020) 

4 PLACES. PIN SPACING 2,5410,100) T. P. 
(See Note A) 

Falls Within JEDEC TO-116 and EIA MO-001 AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A, Each pin centerline is located within 0,25 (0,010) of its true longitudinal position. 
B. This dimension does not apply for solder·dipped leads, 
C, When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane, 
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MECHANICAL DATA 

N plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

16-PIN N PLASTIC 

7,621: 0.25 
(0.300' 0.0101 

6,35 t. 0,25 
(0.250 • 0.0101 

2.0 (0.0801 NOM 

r 19.8 (0.7801 MAX --j 
~@®@@@@)® 

v~:::,={:::::J 
00000000 

. -.L --I 1--1•78 (0.0701 MAX 16 PLACES 

-~,25(0.010lNOM t 0'51~i~20)mAMl I ~ 
. 5.08 (0.2001 MAX -'-- ~ f\ 

--SEATING PlANE--"---.r-r--' 
.-I 0.84 iO.0331 MIN 

90' ., U U U 12 PLACES 

16 PLACES '\l-g:~~lg:g~~: 3.17(0.1251MIN U~ ..JL 0.533(0.0211 
16 PLACES -., r-- 0.381 (0.015) 

ISse Notes B and C) 1.65 (0.065) 16 PLACES 

Parts may be supplied in accordance 
with the alternate side view at the 
option of TI plants located in Europe. 
In this case, the overall length of the 
package is 22.1 (0.870) max. 

0,38 (0.015) (See Notes B and C) 

4 PLACES PIN SPACING 2.54 (0.1001 T. P. 
(See Note AI 

ALTERNATE SIDE VIEW 

L-~ __ A_L_L_l_IN_EA_R_D_IM_F_N_S_IO_N_S_A_R_E_IN_M_I_L_LI_M_E_T_E_R_S_A_N_D_P_A_R_EN_T_H_E_T_I_C_A_L_LY_IN_IN_C_H_E_S ______ -L ________________ ~ I 
NOTES: A. Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 

B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified. dipped area of the lead extends from the lead tip to at least 0.51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

N plastic dual-In-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
non conductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

20-PIN N PLASTIC 

'i. 
7,62± 0,25 

(0.300 ± 0.010) 

2,0 (0.0801 NOM 
10----- ~~:~~ :~::~:~----->\ 

0,25 (0,0101 NOM 

-SEATING PLANE----Jc-----r-

20 PLACES -t\\--~:S :~:;~·ri: 
20 PLACES 

(See Notes B and C) 

~ JL ~ r-- 1,02(0.040) 
4 PLACeS 

VIEW A 
Parts may be supplied in accordance 
with the alternate side view at the 
option of TI. European-manufactured 
parts ."ay have pin 1 as shown in 
view A. Alternate-side-view parts 
manufactured outside of the USA 
may have 8 maximum package length 
of 26.7 (1.0501. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is localed within 0.25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified. dipped area of the lead extends from the lead tip to at least 0,51 10.020) above seating 

plane. 
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MECHANICAL DATA 

NT plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
non conductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

NOTE: For all except 24-pin packages. the letter N is used by itself since only the 24-pin package is available in more than one row-spacing. 
For the 24-pin package, the 7.62 (0.300) version is designated NT; the 15.24 (0.600) version is designated NW. If no second 
letter or row~spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing. 

24-PIN NT PLASTIC AND 
28-PINt NT PLASTIC 
(24-pln package used for illustration) 

~-------ot-- • 

I<---->\-I---c 

~------___________ A ________________ ~ 

-1 r- r-- 2.0 (D.DBDI NOM E -1 r-- G 

~_--L -------------lr-r-i-------, 
MAX 

.oso 
1---
l.J 24P~CES 

--:-LD.25 {D.D,DI NOM 5.08{t.20D~ ~i 

T . . --I jo-,,'4{D.0451MIN 
-SEATING PlANE----------'!r-----,.----l 

~I-~:::~~:~: 4,06 {:'601 j- ~ '~' ~~~;'4:;~;~:ES 
24 PLACES 3.17(0.125) 24 PLACES 

ISo. Notes B and C) ISee Notes a and C) 

F PIN SPACING 2,54 (0.100) T.P. 
(See Note Al 

DIM A C D E F G 

DESIGNATION MIN MAX 
B 

MAX RNOM MIN MIN MAX MIN MAX 

NT024 
28,6 31,8 7,62 ± 0,25 7.1 2,4 0.38 0,71 2,16 1,14 1,78 

(1.125) (1.250) (0.300 ± 0,010) (0.280) (0.093) (0.Q15) (0.028) (0.085) (0.045) (0,070) 

NT028 t 
34,0 37,1 7,88·± 0,25 6,86 1,02 0,51 0.51 2,03 1,02 1,78 

(1.338) (1.462) (0.310 ± 0.010) (0.270) (0.040) (0,020) (0.020) (0.0801 (0.040) 10.070) 

ALL LINEAR DIMENSIONS ARE IN MIlliMETERS AND PARENTHETICALLY IN INCHES 

t The 28-pin package drawing is presently classified as Advance Information. 
NOTES: A. Each pin centerline is located within 0.25 mm (0.010 inch) of its true longitudinal position. 

B. This dimension does not apply for solder-dipped leads, 
C. When solder-dipped leads are specified. dipped area of the lead extends from the lead tip to at least 0,51 10,0201 above seating 

plane. 
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MECHANICAL DATA 

Tape and Reel Information 

Benefits 

Features 

A new packaging system. SMti" Tape and Reel. has emerged along 
with the introduction of surface-mount semiconductor packages by 
Texas Instruments. 

SMti Tape and Reel not only offers a new shipping method that protects components 
from mechanical and electrical damage, but also includes the benefits of automated 
inventory control, ship to stock, and total compatibility with today's automated 
placement systems.· SMti Tape and Reel continues the trend towards industry 
automation and cost reduction and contributes to the overall goal of electronic system 
quality and reliability. 

The features of SMti Tape and Reel packaging are as follows . 

• SMti Tape and Reel packaging is in full compliance with EIA Standard 481-A, 
"Taping of Surface-Mount Components for Automatic Placement." 

• Industry-compatible tape format allows second sourcing without costly and time
consuming equipment changeovers and record-keeping changes. 

• Static-inhibiting materials, used in carrier tape manufacture, provide device 
protection from static damage. 

• Rigid, dust-free polystyrene reels provide mechanical protection and clean room 
compatibility for optimum equipment operation and manufacturing yield. 

• Completely compatible with dereeling equipment currently available on most high
speed· automated placement systems. 

• Medium-density Code 39 bar coding enables inventory and manufacturing 
automation, as well as complete component traceability prior to, during, and after 
system manufacture . 

• Efficient packaging offers savings in storage space and manufacturing overhead. 

S~1lK· SURFACE MOLJNT 
_'1.~ TEXAS INSTRUMENTS. and SMti are trademarks of 

Thxas Instruments Incorporated. 
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MECHANICAL DATA 

General Description 

c 
CD .... 
CD 

5-18 

Carrier Tape 

Cover Tape 

Reel 

SMti Tape and Reel offers users of surface-mounted semiconductor 
devices a new and efficient method of component handling. Tape and 
reel consists of three major elements: a carrier tape. a cover tape. and 
a reel. 

The carrier tape is a conductive material with custom-embossed pockets for a 
particular surface-mount package. Components are oriented in the embossed pockets 
per EIA 481-A specification "Taping of Surface-Mount Components for Automatic 
Placement. " 

With each component in its embossment and protected from mechanical and static 
damage, a continuous opaque cover tape is heat sealed over the entire length of the 
carrier tape, isolating each component from the outside environment. This heat
sealing process guarantees sufficient seal strength to prevent components from falling 
from the pockets before use. The cover tape has a peel strength of 40 ± 30 grams in 
compliance with EIA 481-A and sufficient strength to ensure consistency during 
dereeling operations. 

The entire assemblage is wound on a high-strength polystyrene-based reel. The reel 
provides a means of easy storage and handling as well as a method for feeding large 
quantities of packages to high-speed placement systems. In addition, SMti Tape and 
Reel offers a factory-automation alternative through the use of medium-density 
Code 39 bar coding on all reel assemblies. The bar code provides source, part 
number, date code, and quantity. 

. TEXAS ." 
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MECHANICAL DATA 

Bar-Code Each reel of SMti components is labeled with a "man-and-machine" readable label 
Labeling that uses a medium-density Code 39 bar code in combination with alphanumeric 

characters. 

Figure 1 Bar-Code Label 

SMti ~~~~~T~~~~I 
~-'--

1111111111111111111111111111111111111111111111111111111111111111111111111 

TI PIN: SN74HCT651DWR 

111111111111111111111111111111 QTY: 1000 

1111111111111111111111111111111111 O/C: 614XF 

Note 

1. Sample labels are available for system compatibility testing. 
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MECHANICAL DATA 

Specification 

Figure 2 

Figure 3 

5-20 

SMtl Tape and Reel components ara available In formats that are 
compatible with most Industry standard component loading and tape 
drive equipment. Figures 2 through 5 and Tables 1 through 6 
provide information regarding these formats. All dimensions are 
given In millimeters. 

Tape Format 

I--- TRAILER I (NO COMPONENTS) 
COMPONENTS --*,,--- LEADER ::::--J 

(NO COMPONENTS) I 
~o-o~~---~-{ ~-------~------1 o 0 0 0 0 

I· 400 __ -1 ..... -I--=.=-=-=-=A~S:,:R,;:E;:;Q:,::U:::IR:,:E:.;D:.".,,=-+-I ____ 560 __ ----i..-i 
t----340 FOR COMPONENT COUNT 500 

Notes 

1. Carrier tape is conductive with a resistivity value of less than 1 x lOS ohms per 
square. 

2. Cover tape is sealed over the entire length of the carrier tape. 

Component Format (All components are packaged per Note 1.) 

•••••••••••••••• 
I][]I][][][][] 

Note 

1. Pin 1 orientation. 
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MECHANICAL DATA 

Specification (Continued) 

Figure 4 

1.7 5 ±O.1 

r 
t 

Variables are used in Figure 4 and Tables 7 and 2. The definitions 
for the variables are as follows: W is tape width, P is pocket pitch, 
Ao is pocket width, 80 is pocket length, Ko is pocket depth, K is 
maximum tape depth, and F is the distance between the drive hole 
and the center/ine of the pocket. All dimensions are given in 
millimeters. 

Single-Sprocket Tape Dimensions 

+0.1 
4.0±O.10 ~ - ____ 1.5 - 0.0 

DIAMETER 

I--- p -- ,-- ..... 2.00±O.OS _C·SM1N 

... , 
~ T T T T 

i l~' t f 
~l II' F 

1 
II: 

~ ,/.. 11\ w 
B. 

! T 
L I', 

I" 
I!I~ ",' , / --+-T 1~J. 

CARRIER TAPE 1) -- ... -
EMBOSSMENT DIRECTION OMIN 

OF FEED 
.. 

1.5MIN 

DIAMETER 

Notes 

1. Tape widths are 12, 16, and 24 mm. 

2. Camber per EIA Standard 481-A. 

3. Minimum bending radius per EIA Standard 481-A. 
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MECHANICAL DATA 

Specification (Continued) 

Table 1 Sing/B-Sprocket Variabie Tape Dimensions 

, Package Package Dimension 
Type. Designator W P Ao 80 Ko K F 

SO-14 D 16 8 6.5 . 9.5 2.1 2.5 7.5 

SO-16 D 16 8 6.5 10.3 2.1 2.5 7.5 

SO-16L DW 16 12 10.9 10.7 3.0 3.4 7.5 

SO-20L DW 24 12 10.9 13.2 3.0 3.4 11.5 

SO-24L DW 24 12 10.9 15.8 3.0 3.4 11.5 

Tolerance ±0.3 ±0.1 ±0.1 \ ±0.1 ±0.1 max ±0.1 
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MECHANICAL DATA 

Specification (Continued) 

Figure 5 

Table 2 

Variables are used in Figure 5 and Table 3. The definitions for the 
variables are as follows: G is the distance between the flanges. T is 
the maximum reel width. and N is the diameter of the reel hub. All 
dimensions are given in millimeters. 

Reel Dimensions 

330 +0.0 
-4.0 

1.5 MIN WIDTH 

Variable Reel Dimensions 

Package Package Dimension 
Type Designator G T N 

SO-14 D 16.4 22.4 100 

SO-16 D 16.4 22.4 100 

SO-16L DW 16.4 22.4 100 

SO-20L DW 24.4 30.4 100 

SO-24L DW 24.4 30.4 100 
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MECHANICAL DATA 

Specification (Continued) 

• 
C 
I» .... 
I» 

5-24 

Table 3 

Package Package 
Type Designator 

SO-14 D 

SO-16 D 

SO-16L DW 

SO-20L DW 

SO-24L DW 

All dimensions are given in millimeters. 

Tape and Reel Format Summary 

Tape Package Pocket Dimensions 
Width Pitch Width Length Depth 

16 8 6.5 9.0 2.1 

16 8 6.5 10.3 2.1 

16 12 10.9 10.7 3.0 

24 12 10.9 13.2 3.0 

24 12 10.9 15.8 3.0 

TEXAS ." 
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Reel Reel Hub Parts' 
Diameter Diameter Per Reel 

330 100 2500 

330 100 2500 

330 100 1000 

330 100 1000 

330 100 1000 



MECHANICAL DATA 

Ordering Information 

Ordering by 
Part Number 

Formats and 
Quantities 

Shipping 

To order tape and reel components. you need to provide information 
about part numbers. quantities. shipping. and sample package 
applications. 

When ordering tape and reel components, add the letter R as a suffix to the 
part number. An example of the ordering sequence follows. 

R 

1. Prefix 

2. Unique Circuit Designator 

3. Package Type 

4. Tape and Reel Packaging 
Must be designated by the letter R 

All orders for tape and reel packaging must be for whole reels. For example, if a 
customer requires 9,900 TL074s in Tape and Reel packaging, he needs to place the 
order for a quantity of 10,000 TL074s. The order will be filled and shipped on four 
reels containing 2,500 parts per reel. 

Note: TI reserves the right to provide a smaller quantity of devices per reel to 
preserve date code integrity. 

A list of package and tape formats and the quantity of devices per reel is provided in 
Table 4. . 

Taped and reeled components are shipped in individual packing boxes measuring 
approximately 14" x 14". The depth of each box is tailored to the tape width. 
Individual boxes are packed in a larger box whose size depends on the quantity of 
components ordered. 

TEXAS .., 
INSTRUMENTS 

POST OFFICE BOX 855012 • DAlLAS. TeXAS 15265 

I 

5-25 



MECHANICAL DATA 

Ordering Information (Continued) 
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Table 4 

Sample Package 
Applications 

Table 5 

All dimensions are given In millimeters. 

Condensed Tape and Reel Formats 

Package Package Tape Package Reel Parts 
Type Designator Width Pitch Diameter Per Reel 

SO-14 D 16 8 330 2500 

SO-16 D 16 8 330 2500 

SO-16L DW 16 12 330 1000 

SO-20L DW 24 12 330 1000 

SO-24L DW 24 12 330 1000 

Sample components are available for.a number of applications, such as standard 
mechanical sample packages, "daisy-chained" bars, and K-factor bars. Table 5 
provides sample ordering information. 

Sample Package Applications 

Package 
Type 

SO-14 

SO-16 

SO-16L 

SO-20L 

SO-24L 

Package Mechanical 
Designator Sample 

D SN72197 

D SN72198 

DW NIA 

DW SN72199 

DW SN72200 
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MECHANICAL DATA 

More Information 

Ship-to-Stock 
Eliminates 
Incoming 
Inspection 

Learn by Doing 

Outside Help 
Available 

Want to Learn 
More? 

As a major manufacturer of SMCs, TI is committed to helping you 
make the transition to surface-mount as easy and as economical as 
possible. Getting started in SMT -switching from older and less 
efficient methods of PCB fabrication-means learning some new 
manufacturing techniques, and it entails some capital outlay. But in 
volume production, it can actually reduce your capital and space 
costs by up to 50 percent. 

As your usage per surface-mount component (SMC) grows, TI can implement its 
ship-to stock program for you. With all the necessary quality-control'procedures built 
into our standard testing process, your SMCs can be shipped directly to you in tape 
and reel or in factory-sealed boxes. Benefits to you: 
• Incoming inspection, scrap, and rework reduced or eliminated. 
• Inventory reduced. 
• Quality levels maximized. 

To help you realize the advantages of surface-mount technology (SMT), Texas 
Instruments maintains a surface-mount laboratory. There you can gain hands-on 
experience and guidance in building a surface-mount board from start to finish. To 
schedule an appointment, contact your TI Field Sales Engineer or call 
(800) 232-3200 for the address of the TI Field Sales Office nearest you. 

You can also find assistance among the growing number of SMT assembly houses, 
consultants, and associations. They 'can help you reduce the costs of converting to 
SMT, while supplying some valuable information on the latest technological advances 
and industry standards. 

Suppliers of assembly equipment such as pick-and-place machines and soldering and 
test equipment can also help you make the transition to SMT board fabrication. 

How to Use Surface Mount T.echnology is available free of charge from Texas 
Instruments. This technical summary includes chapters on the process and the tooling 
required to implement it; the wide variety of available SMCs; inspection, testing, and 
repair; quality and reliability; and how to mix SMCs with standard DIP packages. 

For additional information on the availability of TI's growing line of SMCs, contact 
your local TI Field Sales Office or distributor. 

If you would like to have your name placed on our mailing list for additional SMT 
information as it becomes available from TI, please write Texas Instruments 
Incorporated, Dept. SSP05, P.O. Box 809066, Dallas, Texas 75380-9066. 
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IC SOCKETS 

INTRODUCTION 

Texas Instruments has developed solutions for today's high density packaging needs. The TI facility at Attleboro, 
Massachusetts (one of the world's largest suppliers of multimetal systems) provides leading-edge technology 
which, combined with reliable, high-volume, off-the-shelf interconnection products, allows TI to quickly meet 
volume commercial applications. 

During the last decade, TI has produced one of the largest IC socket families. TI's sockets include every type 
and size socket in common use today and are available in a wide choice of contact materials and designs. 

Our sockets are designed for: 

• easy and efficient hand assembly 
• compatibility with automatic assembly equipment 
• maximum performance and board density 

This section provides information on the following types of IC socket products. 

PRODUCTION SOCKETS 
Plastic Leaded Chip Carrier 
Single-in-Line Packages 
Pin-Grid Arrays 
Dual In-Line 
Dual In-Line 0.070-inch spacing 
Quad In-Line 

BURN-IN/TEST SOCKETS 
Plastic Leaded Chip Carder 
Pin Grid Array 
Small Outlilne 
Dual In-Line 
Dual In-Line 0.070-inch spacing 
Small Outline 
Quad 

Specially formulated alloys give the TI contact springs: 

• Low Contact Resistance 

TYPE 
PLCC 
SIP 
PGA 
DIP 
Shrink Pack 
QUIP 

TYPE 
PLCC 
PGA 
J Lead 
DIP 
Shrink Pack 
Flat Pack 
Flat Pack 

• High Contact Strength (to stand up to repetitive insertions and withdrawals) 
• High normal forces assure gas-tighl reliability 

A full line of reliable, readily available, low-cost interconnection systems means premium performance at an 
economical price. 

Additional information on these and'other TI products, including pricing and delivery quotations, may be obtained 
from your nearest authorized TI Distributor, TI Sales Representative or: 

Texas Instruments Incorporated 
Connector Systems Department, MS 14-3 
Attleboro, Massachusetts 02703 

Telephone: (617) 699-5242/5375 
TELEX: 92-7708 

I 
co ... 
CO 
Q 
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IC SOCKETS 
PLASTIC LEAD EO CHIP CARRIER 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Vibration: 15 G max 
Shock: ·100 G max 
Insertion force: 0.59 Ibs per position typ 
Withdrawal force: 0.25 Ibs per position typ 
Normal force: 200 g min, 450 g typ 
Wipe: 0.075 in min 
Durability: 5 cycles min 
Contact retention: 1.5 Ibs min 

Electrical 
Current carrying capacity: 1 A per contact 
Insulation resistance: 5000 Mil min 
Dielectric withstanding voltage: 1000 V ac rms min 
Capacitance: 1 pF max 

Environmental 
Operating temperature: 
Operating: -:- 40°C to B5°C 
Storage: -40°C to 95°C 
Temperature cycling with humidity: will conform to final EIA 

specifications 

MATERIALS 
Body - Ryton R-4 (40% glass) UL 94 V-O rating 
Contacts - CDA 510 spring temper 
Contact finish - 90/10 tinllead (200 I'in - 400 I'in) over 

40 I'in copper 

Extraction tool available, consult factory 
Contact factory for detailed inf9rmation 

PLASTIC LEADED CHIP CARRIER CPR SERIES 

~ ! ! : !' !' !' !' 
10 )' ! ! l , .. !' !" !' !' 
)' " 0 ~. 0 !' ~' 
)4 " " !' 
)' l' 0 .. " 
!' !' ~ !' 
:' :, " !' 
l' 23 4' !" 
:4 ;,0 0 :' 46 

'6 !B l" " !" ~ ~ :- " .. :' 
l' !9 !' !' !' !' !' :' l' 

1 
1 

I· A ·1 
68-Pin shown 

NOTE: Socket electrical pin-out pattern represents component side 
of P.C.B. layout. (TYP. counter clockwise numbering pin
out system.) 

2.64 10.100) 
;.-_T:...;V,-P __ c 

-----I 

___ DEVII:E GUIDE 
BARRIERS 

BOTTOM 

PART NUMBER SYSTEM 

C1PR P1H 1 xxx - Xl-I:o~tact surface 1 - tin/lead 

. plating 
Contact spacing 1 - 0.050 in . 

. . Number of pas (044, 052, 068, 0841 
Plated thru hole, solder tail 

TI socket Series 
Plastic leaded chip carrier 

2.64 
10.1001 TYP 

0 

C) 
Pas A B C 

44 
21,43 17,78 12;70 

(0.8441 (0.700) (0.500) 

52 
23,98 20,32 15,24 

(0.944) (0.800) (0.600) 

68 
29,06 25,40 20,32 

(1.144) (1.000) (0.800) 

84 
34,14 30,48 25,40 

(1.344) (1.200) (1.000) 

Dimensions in parentheses are in inches 

PRODUCTION DATA d .. um .... cont.i. i.lo ... ltion 
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PRODUCT FEATURES 
Can be loaded by top actuated insertion or press-in 

insertion, either manually or automatically 
High reliability due to high pressure contact point 
Open body and high stand-off design provide high efficiency 

in heat dissipation 
High durability up to 10,000 cycles 
Compact design 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads per specific IC device 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Durability: 10,000 cycles 10 mil max contact resistance 

change 
Insertion force: Zero g 
Withdrawal force: Zero g t 
Electrical 
Contact rating: 1 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1000 Mil per MIL-STD 202, 

Method 302, Condition B 
Dielectric withstanding voltage: 500 Vae rms per 

MIL-STD 202, Method 301 
Environmental 
Thermal shock: 100 cycles, -25°C to +150 oC 
Temperature soak: 1 50°C for 48 hours 
Operating temperature: - 40 °C to + 150°C 

MATERIALS 
Body - UL TEM glass filled (UL 94 V-Oj 
Contact - copper alloy 
Plating i - overall gold plate 4 "in over min 70 "in 

nickel plating 

t After IC is unlocked from the socket 
iFor additional plating options contact factory 
For complete test report contact the factory 

PLCC BURN-IN/TEST SOCKETS CPJ SERIES 

1.27 10.0501 L 5.08 10.2001 

. 12.90 IO.50~1-J 

Dimensions in parentheses are inches 
Contact factory for detailed information 

IC SOCKETS 
PLCC BURN·IN/TEST 

PART NUMBER SYSTEM 

CPJ xx XX X XXX B I t L Number:' contacts 

~t:h 0.050 

Contact finish 
33 = overall gold plate 

Material 
AA = copper alloy 

TI Burn-in PLCC series 

18 PIN FOOTPRINT SHOWN 

2.54 
10.1001 

2.54 +++--1--+--:":':'-T 
10100ln +-

~ 2.54 
10.1001 

2.54 
101001 1.27 1~.0501 

5.08102001 

18.08 10 7121----1 

SIZES: 18 PIN 
22 PIN I 

ca 
1a c 
'ii 
CJ 
"2 
ca 
.c 
CJ 
G) 

:E 
PRODUCTION DATA d ...... nls ••• tain inlormation 
currant II Df publication date. Products conform to 
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IC SOCKETS 
SINGLE·IN·lINE PACKAGE SOCKETS 

PERFORMANCE SPECIFICATIONSt 

Mechanical 
Vibration: MIL-STD-202 
Durability: 30 cycles 
Insertion force: Zero g 
Withdrawal force: Zero g* 
Contact (normal) force: 200 g min 
Contact retention force: 2 Ibs per circuit min 
Electrical 
Contact rating: 1 A 
Contact resistance: 30 mil max initial 
Insulation resistance: 1000 Mil at 500 dc 
Dielectric strength: 1500 V ac rms 
Capacitance: 2 pF max 

ZERO INSERTION FORCE, 
HIGH NORMAL FORCE CONTACT MOUNTING POST 

tValues may vary due to test sequence and SIP module 
configuration 

t After module is unlocked from the receptacle 
For a complete test report, please contact factory 

Environmental 
(20 mil max -contact resistance change after all tests) 
Operating and storage temperature: - 40°C to 100°C 
Humidity: MIL-STD 202, Method 106D, 10 days 
Temperature soak: 85°C for 1 60 hours 
Thermal Shock: 5 cycles, -40°C to 85°C per 

MIL-STD 202, Method 107E 

MATERIALS 
Body - PES polyether sulfone, glass filled, UL 94 V-O 
Contact - Beryllium copper C 17000; phosphor bron~e alloy 

CA510 
Contact finishes - Post plate min 200 "in tinllead over min 
50"in nickel overall -
Post plate min 30 "in hard gold over min 75"in nickel overall 

For additional plating options contact the factory. 

DUAL ROW VERTICAL 

I' A 
Lt 

1fj , .. ......,...,.... ... ~~.~ . .-T 
17.53 

1 

r'lIJ 1T1lii] 
"1It,~-&-111 f;"'T , • .--..---..---.. • "-11' :iJ 

10.] 

l-.l 1-2.5410.'001 
-B .II 1 c 

D 

PART NUMB~R SYSTEM 

TS8X xx XX X -XX - XX I L Variations 
00 - standard 
product 

Size 
(number of 
contacts per rowl 

Housing material 
A - PES 

Contact base material/plating 
01-C17000130 ~in gold 
02-CA510130 ~in gold 
03-C170001200 ~in tinllead 
04-CA5101200 ~in tinllead 

Configuratiori/row-to-row spacing 
01-single rowlNIA 
03-dual row10.300 in 
04-dual row10.400 in 
05-dual row10.500 in 

Series number denotes 
0-0.100 in pitch, vertical mount 
1 -0.100 in pitch, low-profile (25°) mount 

Consult factory for availability of ·configurations, materials. and 
sizes. 

SINGLE ROW LOW PROFILE 

Dr Contact factory for detailed information Dimensions in parentheses are in inches 
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PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads 0.015 in to 0.021 in diameter 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Recommended hole grid pattern: 0.100 in ± 0.002 in each 

direction 
Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 

Method 2005.1 Test Condition III 
Shock: 100 G, sawtooth waveform, 2 shocks each direction 

per MIL-STD 202, Method 213, Test Condition I 
Durability: 5 cycles, 10 mil max contact resistance change 

per MIL-STD 1344, Method 2016 
Insertion force: 3.6 oz (102 g) per pin typ using 0.018 in 

diameter test pin 
Withdrawal force: 0.5 oz (14 g) per pin min using 0.018 in 

diameter test pin 
Electrical 
Contact rating: 1 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1000 Mil at 500 V dc per 

MIL-STD 1344, Method 3003.1 
Dielectric withstanding voltage: 1000 V ac rms 

per MIL-STD 1344, Method 3001.1 
Capacitance: 1 pF max per MIL-STD 202, Method 305 
Environmental 
Operating temperature: -65 °C to 125°C, gold;. - 40°C to 

. 100°C, tin/lead 
Corrosive atmosphere: 10 mil max contact resistance 

change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 mil max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 mil max contact resistance change 
when exposed to 105°C temperature for 48 hours 

MATERIALS 
Body - PBT polyester UL 94 V-O 
On request, Gl0/FR4 or Mylar film 

. Outer sleeve - Machined Brass (00-B-626) 
Inner contact - Beryllium copper (00-C-530) heat treated 
Plating: (specified by part number) 

PIN GRID ARRAY I rr-s::-::@:-@:::-o-=@:-@:::-o-=@:-@:::-o-=@:-@:::-.-=@:-@::-l. 

@@@.@@@@@@@@ 

@@@@@@@@@@@ 
A B @@@@@@@@@@ 0 

L@@@@@@@@@@@ 

@@@@@@@@@@@ 
@@@@@@@@@@@ 

• @@@@@@@@ 

1,3/Z,O 2.54 

(0.05/:,':.:V~I'010.'21 (0.1001 TVP NONCU(MULATIVE 

(0.14/0.'8U=~ W W W W W ~ W w r 
:r,::-:II-- 0 33 ~ 1.35 

(O~ig5~~:~~OI 10.0211 orA 10.053101A 

IC SOCKETS 
HIGH DENSITY PIN GRID ARRAY 

PRECISION 
SIX·FINGERED 

INNER CONTACT 

PRECISION 

SLEEVE 

Inner contact - 30 /Lin gold over 50 /Lin nickel or 100 "in 
tin/lead over 50 "in nickel 

Outer sleeve - 10 "in gold over 50 "in nickel or 50 "in 
tin/lead over 50 "in nickel 

PART NUMBER SYSTEM 

CXGXX-XXXX 

x ~-:_}_L_en_9t_h-, ____ , 

WIRE WRAP 

3-0.510 (on9 

Plating 

Pin 
Grid 
Array 

Body Style and Orientation 

Contact Loading Pattern 

Number of Pins 
024 to 324 

Overall Grid Size 
5x5=05to 18x18=18 

BODY MATERIAL 
G - Glass Filled Epoxy 
P - PBT Polyester. 

TI Socket 

Insulator Size A 
±0.010 

9x9 (0.9501 24,13 
10xl0 (1.050) 26,67 
11 xll (1.150) 29,21 
12x 12 (1.250) 31,75 
13x 13 (1.350) 34,29 
14x14 (1.450) 36,83 
15x 15 (1.550) 39,37 
16x 16 (1.650) 41,91 
17x 17 (1.750) 44,45 
18x 18 (1.850) 46.99 

t Noncumulative 
Dimensions in parentheses are inches 
Consult factory for detailed information 

B 
±O.OO5 t 

(O.BOOI 20,32 
(0.900) 22,86 
(1.000) 25,40 
(1.100) 27,94 
(1.200) 30,48 
(1.300) 33,02 
(1.400) 35,56 
(1.500) 38,10 
11.600) 40,64 
(1.700) 43,18 

II 
CIS ... 
CIS 
C 
"ii 
u 
'2 

CIS 
.c 
u 
CD 

::E 
PRDDUCTIDI DATA documants c:antsin informalion 
currant II of publicotion data. Products conlorm to 
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IC SOCKETS 
SOJ BURN·IN/TEST 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads per specific IC device 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Durability: 10,000 cycles, 20 mil max contact resistance 

change 
Insertion force: 1.3 oz pe~ position max 
Withdrawal force: 8.8 grams per position min 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1000 Mil per MIL-STD 202, 

Method 302, Condition B 
Dielectric withstanding voltage: 700 V ac rms per 

MIL-STD 202, Method 301 
Environmental 
Thermal shock: 100 cycles, - 25 DC to + 180 DC, 1 hour 
Temperature soak: r80 DC for 1000 hours, 80 mil max 

change 
Operating temperature: - 65 DC to + 180 DC 

MATERIALS 
Body - PES glass filled UL 94 v-o 
Contact - copper alloy 
Plating - overall gold plate min 4"in over min 70 "in nickel 

plating 

3,00 
10.118) 

+-----.0.310.8001----O"'Z ...... · 10'0":91 

02 VERSION SHOWN 
,----~ 

Dimensions in parentheses are inches 
Contact factory for detailed information 

PART NUMBER SYSTEM 

CSJT xxx xx xx X 

T 
Body Material 

Blank = G.F. PES 
A = PPS R4-03 
B = G.F. PEl 

Body Variation 
02 = Standard 1 forward/ 

backward insertion 
03 = Special/orientation pin 
04 = Special/high standoff 
05 = Special/24-pin 
06 = Standard 2 forward 

insertion, BECU 

Contact Finish 
37 = Overall gold plate 4 "in 
38 = Overall gold plate 30 "in 
57 = Selective gold plate 4 "in 
58 = Selective gold plate 30 "in 

Number of Contacis 

TI SOJ series 

SIZES: 20 pin 
26 pin 

20-PIN (02 VERSION) FOOTPRINT SHOWN 

PRODUCTION DATA d.culllonts •• ntai. i.ionollio. 
.umnt ••• f publiollio. d.te. P .. ducts .. nfom to 
_ifiati ... por tho term. of Toul lowullonts 
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PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads 0.011 ± 0.003 in by 

0.01B ± 0.003 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Recommended hole grid pattern: 0.100 in ± 0.003 in each 

direction 
Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 

Method 2005.1 Test Condition III. 
Shock: 100 G, sawtooth waveform, 2 shocks each direction 

per MIL-STD 202, Method 213, Test Condition I 
Ddrability: 5 cycles, 10 mil max contact resistance change 

per MIL-STD 1344, Method 2016 
Insertion force (C7X and CB6): 16 oz (454 g) per pin max 
Withdrawal force: (40 g) per pin min 

Electrical 
Contact rating: 1 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1000 Mil at 500 V dc per 

MIL-STD 1344, Method 3003 
Dielectric withstanding voltage: 1000 V ac rms per 

MIL-STD 1344, Method 3001.1 
Capacitance: 1 pF max per MIL-STD 202, Method 305 

Environmental 
Operating temperature: - 55°C to 125°C, gold; - 40 DC 

.to 100°C, tin 
Corrosive atmosphere: 10 mil max contact resistance 

change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 mil max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 mil max contact resistance change 
when exposed to 105°C temperature for 4B hours 

Materials (C7X and C86) 
Body - PBT polyester UL 94 V-O 
C7X Contacts - Outer sleeve: brass 

Clip: BECU 
- clip 30 /Lin gold over 50 /Lin nickel or 

50 /Lin tin/lead over 50 /Lin nickel 
Contact finish 

Specified by 
Part Number - sleeve 10 /Lin gold over 50 /Lin nickel 

or 50 /Lin tin/lead over 50 /Lin nickel 
CB6 Contacts - Phosphor bronze base metal 
CB6 Contact-finish - Tin plate 200 /Lin over copper flash 

IC SOCKETS 
DUAL·IN·LlNE 

C7X SERIES - SCREW MACHINE 
WIDE-TAPERED 

ENTRY 

PRECISION 
FOUR-FINGERED 

CONTACT 

C7X SERIES - SCREW MACHINE 

PART NUMBER SYSTEM 

C7X IX) XX - X X 

PRECISION 
MACHINED 

SLEEVE 

Solder Tall: 9 1 tl Vanatlons 

Number of 
Positions 

'""" ~~:§,~,:': ." 
o - Gold/Gold 
5 - Tin/Gold 

S - Single-in-line package Iwher. applicable I 

Screw Machine Socket 
1 - wire wrap 
2 - solder tail 

C86 SERIES - STAMPED AND FORMED 

C86 SERIES 
PART NUMBER SYSTEM 

lc IS6 lXX - L Variation 

01 - Standard product 

Number of positions 

Tin Dual Beam Face Wipe 

TI Socket Series 

I 
ca .... 
ca o 
"i 
CJ 
"2 
ca .c 
CJ 
CD 
:E 

PRODUCTIOI DATA d •• uma.1I ••• lIi. informati •• 
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IC SOCKETS 
DUAL·IN·LlNE 

DUAL· IN-LINE 
C7X AND C86 SERIES 

DIPS 

'" '" ~ 
0 

= 
0 

0 ~ c:i 

J 
:Ii +I +I 

" .. u c 

~ .~ i E 
Q c c 

6 
7.62 5.08 10.16 7.62 

10.300) 10.200) 10.400) 10.300) 

8 
10.16 7.62 10.16 7,62 

10.400) 10.300) 10.400) 10.300) 

14 
17,78 15,24 10,16 7,62 

10.700) 10.600) 10.400) 10.300) 

16 
20,32 17,78 10;16 7,62 

10.800) 10.700) 10.400) 10.300) 

18 
22,86 20,32 10,16 7,62 

10.900) 10.800) 10.400) 10.300) 

20 
25,40 22,86 10;16 7,62 

11.000) 16.900) 10.400) 10.300) 

22 
27,94 25.40 12,76 10,16 

(1.100) (1.000) {0.5001 {0.4001 

24 
30,48 27,94 17,78 15,24 

{1.2001 {1.1001 {0.7001 (0.600) 

'24 
30.48 27,94 10,16 7,62 

{1.2001 11.1001 {0.4001 {0.3001 

tNonstandard sizes 

~ 
0 

'" ;; 
0 .. 

'24 

28 

32 

34 

40 

48 

50 

64 

Not all sizes available in each series 
. Dimensions apply to all series 

'" 0 

= 
0 
c:i ::; +I 

" .. 
~ ~ 

30,48 27.94 
11.200) 11.100) 

35,56 33,02 
11.400) 11.300) 

40,64 38,10 
11.600) 11.500) 

45,72 43,16 
11.800) 11.700) 

60,80 48,26 
12.000) 11.900) 

60,96 58.42 
12.400) 12.300) 

63,50 60,96 
{2.5001 {2.4001 

81,28 78,74 
{3.2001 {3.1001 

m Dimensions in parentheses are inches 
Cit Contact factory for detailed information 
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C7X SERIES 

1,35 
(0.053) 

C86 SERIES 

, 
4,25 

(0.169) 

+ , 
0,38 TYP 

'" 0 
0 

~ c:i 
+I 

u c 

~ i c 
12.76 10,16 

10.500) 10.400) 

17,78 15,24 
10.700) 10.600) 

17,76 15,24 
10.700) 10.600) 

17,78 15,24 
10.700) 10.600) 

17,78 15,24 
10.700) 10.600) 

17,78 15,24 
10.700) 10.600) 

25.40 7,62 
11.0001 {0.9001 

25.40 22,86 
{1.0001 {0.9001 
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PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads 0.011 in by 0.018 in 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hold size range: 0.032 in to 0.042 in 
Durability: 10K cycles - CM Series, 5K cycles - CP/CO 
Electrical 
Contact rating: 1 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1000 Mil at 500 V dc 
Dielectric withstanding voltage: 1000 V ac rms 
Capacitance: 1 pF max per MIL-STD 202, Method 305 
Environmental 
Operating temperature: - 65°C to 170°C - CP/CM Series, 

- 65°C to 1 50°C - CO Series 
Humidity: 10 mil max contact resistance 
Temperature Soak: 10 mil max contact resistance change 

MATERIALS 
Body - PPS (polyphenylen sulfide) UL 94 V-O 
Contacts - Higher performance copper nickel alloy 
Plating: t 4 "in of gold min over 100 "in of nickel min 

tFor additional plating options consult the factory 

BURN·IN/TEST DIP SOCKETS 

'.r-Ol, 
...... 

2.54 'I 
IO.1001~ ~ 

CQ37 SERIES 

CM37 SERIES 

~. 
,"1,,111111,.1111111111 -----------------------

t::!:::::w.:::::~Jn 
I. A---J 

3.30}l2 10.130)L 

TJ.)) 2.54 
"'14-- (0.100) 

SOLDER TAIL 

CP37 SERIES 

•. 501 (0.256). I -.r«:0.51 
,-I,02DI 

• 
~ 

( 

Jrn=>.~.l 10.472) 
i)>lR1.99 

0.53-1i- 1 7.--1 I.- 3." 
(0.0211 10.0701 {O.137i 

PRODUCTIDI DATA d.cumlnts •• ntli. i.formati.n 
currlnt II ., publication data. Products conform to 
specifications per the tarms at T81U Instruments 

0.50 
10.020) 

IC SOCKETS 
BURN·IN/TEST DIP 

PART NUMBER SYSTEM 

C X 37 XX -

A-0.l00 centers 
B-0.070 centers 122 rS L Pin to pin 

PPS high temperature 
body material 

Copper nickel alloy 
Soldertail 

Number of positions 

Overall gold plate 

Series Features 
Q - Auto unload able 
P - High density mounting 
M-Shrink 0.070 centers 

TI Socket Series 

CQ37 SERIES 

Number of 
A 0 C 

Positions 
±O.O1 ±O.O2 ±O.O1 
Length Width 

14 20,32 (0.8001 
16 22,35 10.8801 12,70 15,24 
18 24,89 10.9801 10.5001 10.6001 
20 27,43 11.0801 

24 32,51 11,2801 
28 37,5911.4801 19,05 22,86 
40 52,83 12.0801 10.7501 10.9001 
42 55,37 12.1801 

CP37 SERIES 

Number of 
A B 

±O.O2 
Positions 

max 
Length 

8 11,68 10.4601 
14 17,7810.7001 

7,62 
16 20,32 10.8001 
18 22,86 10.9001 

10.3001 

20 25,40 11.0001 

24 30,48 11.2001 
15,24 

28 35,56 11.4001 
10.6001 

40 50,80 12.0001 

CM37 SERIES 

Number of 
A B 

±O.O16 ±0.02 
Positions 

Length 

28 27,1811.0701 
10,67 

10.4201 

40 37,85 11.4901 
16,51 42 39,62 11.5601 

54 50,29 11.980) 10.6501 

64 59,18 12.330) 
20,32 

(0.8001 

Dimensions in parentheses are inches 
Contact factory for detailed information 

B 
±O.O1 

Contact 

7,62 
10.3001 

15,24 
10.6001 

C 
max 

Width 

12,70 
10.5001 

20,32 
10.8001 

C 
±0.O16 
Width 

17,20 
10.6771 

23,11 
10.9101 

26,92 
11.0601 

as ... as 
C 
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IC SOCKETS 
QUAD·IN·LlNEfSHRINK PACK 

PERFORMANCE SPECIFICATIONS 
Insertion force: 16 oz (454 g) per pin max 
Withdrawal force: 1.5 oz (42 g) per pin min 
Operating temperature: - 40·C to 100 ·C, tin/lead 
Accommodates IC leads 0.011 ± 0.0003 in by 

0.018 ± 0.003 in 
Contact rating: 1 A per contact 

MATERIALS 
Body - PBT polyester Ul 94 V-O 
C4S & CxW Contacts - Copper alloy 
Contact finish - Reflow tin plating, 40 I'in min 

PART NUMBER SYSTEM FOR CxW SERIES 

C X W XX - 11 

lll l Number of contacts (42, ~2' 64) 
Staggered leads 

5 - .64 contacts 
6 - 42, 52 contacts 

TI Socket Series 

QUAD-IN-LiNE (CxW SERIES) 

I'roduct 
A B C 

Max Row to Row Max Number 
Length Row to Row 

C5W64·11 41.90 22,90 
(1.65) (0.950) 

C6W42-11 
27,90 22,90 
(1.10) (0.900) 

C6W52-11 
34,30 22,90 
(1.35) (0.900) 

Dimensions in parentheses are inches 
Contact factory fo, detailed· information 

19,05 
(0.750) 

17~BO 
(0.700) 

17,80 
(0.700) 

PART NUMBER SYSTEMt FOR C4S SERIES 

C 4 S XX-02 11 L Number of contacts 
28, 40, 42, 52, 54, 64 

Shrink Pack 
(0.070 in pin-to-pin contact spacing) 

Reflow tin plating 

TI Socket Series 

. t Also available in screw machine 'contacts 

C4S SERIES 

QUAD-IN-LiNE (CxW SERIES) 

DUAL BEAM 
EDGE GRIP 
CONTACT 

I_ A------.j 

C4S SERIES 

A B C 
Positions Max Row to Row Max 

Length Width 

28 
25,02 10,16 13,00 

(0.985) (0.400) (0.512) 

40 
35,69 .15,24 17,98 

(1.405) (0.600) (0.708) 

64 57,07 19,05 21,62 
(2.247) (0.750) (0.851) 

Dimensions In parenthesBS: are Inches 

SHRINK PACK DIP (C4S SERIES) 

~-----A-------~ 

5-38 
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PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads per specific IC device 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Durability: 5000 cycles, 10 mil max contact resistance 

change per MIL-STD 1344, Method 2016 
Electrical 
Contact rating: 1 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1 Mil at 500 V dc per 

MIL-STD 1344, Method 3003.1 
Dielectric withstanding voltage: 700 V ac rms per 

MIL-STD 1344, Method 3001.1 
Capacitance: 1 pF max per MIL-STD 202, Method 305 
Environmental 
Operating temperature: - 65°C to 170°C 
Humidity: 10 mil max contact resistance change when 

tested per MIL-STD 202, Method 103B 
Temperature soak: 10 mil max contact resistance change 

when exposed to 105°C temperature for 48 hours 

MATERIALS 
Body - CFP Series - PES (polyether sulfone) glass filled 

UL 94 V-O 
Temperature: -65°C to 170°C 
Contact - Beryllium copper 
Plating: t Overall gold plate min 41'in over min 70 I'in nickel 
. plating 

tFor additional plating option consult the factory. 
Dimensional drawings available from factory. 

SMALL OUTLINE FLAT PACK (CFPH/K SERIES) 

PART NUMBER SYSTEM 

c XX Lx LXXX Lplati:: 

37 - overall gold plate 

Number of positions 

Configuration 
H - 14, 16, 18,20 Positions 

K - 24, 28 Positions 

Style FP - Flat pack 

TI Series socket 

QUAD FLAT PACK (CFPM SERIES) 

PART NUMBER SYSTEM 

1= L:~:'lxX 
M - Quad pack 

TI socket Plating 

IC SOCKETS 
BURN·IN/TEST 

01X 

Lvariations 
A-t.O mm ~ 
B - 0.8 mm ~ 
contact spacing 

Style PF - Flat pack 37 - overall gold plate 

PIN GRID ARRAY (CZFW SERIES) 

PART NUMBER SYSTEM c xx X XXX xx 01 

37 - overall gold plate II Lplating 

Number of positions I 
Configuration 
W - 11 x 11 x 2 

Style ZF - Zero force 

TI Series socket 

AVAILABLE SIZES 

CFPH Series 14, 16, 18,20 
CFPK Series 24, 28 

CFPM Series 64, 80 

CZFW Series 11 x 11 x 2 

Contact factory for detailed information 

Small Outline 
Flat Pack 

Quad Flat Pack 

Pin Grid Array 

S as 
C 
'1 
u 
'2 
as 
.c 
u 
CD :e 

PRODUCTIO. DATA dac.mo.1I .0.111. informltiD. 
curnot II of publlcatlo. data. Pradum .o.form to 
specifications plr the tarms of Tlx •• Instruments 
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For more information cont.act your 
local distributor or contact 11 directly: 

Texas Instruments Incorporated 
CSD Marketing, MS 14·1 
Attleboro, MA 02703 

UNITED STATES 

California 
Irvine 91714 
17891 Cartwright Road 
Phone: (714) 660·8111 

San Diego 92123 
4333 View Ridge Ave., Suite B 
Phone (619) 278·9600/9603 

Torrence 90502 
9505 Hamilton St. 
Bldg. A, Suite One 
Phone: (213) 217·7000 

Georgia 
Norcross 30092 
5515 Spaulding Drive 
Phone: (404) 1j62·7861/7931 

Massachusetts 
Attleboro 02703 
34 Forest Street, MS 10·6/MS 14·3 
Phone: (617) 699·5206/1278/5213 

North Carolina 
Charlotte 28210 
8 Woodlawn Green 
Suite 100 
Phone: (704) 527-0930 

Texas 
Dallas 75265 
7800 Banner Drive, MS 3936 
Phone: (214) 995·7550/754717548 

Texas Instruments provides customer 
assistance In varIed technIcal areas. Since 
TI does not possess full access to data 
concerning al/ of the uses and applications 
of customers' products, responsIbility is 
assumed by TI neIther for customer 
product desIgn nor for any InfrIngement of 
patents or rights of others, which may 
result from 11 assistance. 

Field Sales Offices 
INTERNATIONAL 

Australia 
Texas Instruments Australia, Ltd. 
P.O. Box 63 
Elizabeth, South Australia 5112 
Phone: 61-8-255·2066 

England 
Texas Instruments, Ltd. 
Beffordla House 
Prebend Stsreet 
Bedford MK41 7PA 
Phone: (0234) 63211, Ext. 1 

France 
Texas Instruments, Ltd. 
Metallurgical Materials Division 
8·10 Avenue Morane Saulnier 
78140 Velizy·Viliacoublay, Paris 
Phone: 333. 946. 9712 

Hong Kong 
Texas Instruments Asia, Ltd. 
ASia Pacific Division 
8th Floor,World Shipping Centre 
Harbor City 7, Canton Road 
Kowloon, Hong Kong 
Phone: 852·3·722·1223 

Italy 
Texas Instruments Italia SPA 
Viale Europa, 40 
1·20093 Cologno Monzese 
Milano 
Phone: 011·39·2·25.300.1 

(617) 699·524215269 

Japan 
Texas Instruments Japan, Ltd. 
305 Tanagasnira 
Oyama·Cho 
Suntoh·Gun, Shizuoka·Ken 
Japan 410·13 
Phone: (81) 550·81211 

Mexico 
Texas Instruments de Mexico, SA 
Av. Reforma No. 450·10 Pi so 
Col. Juarez 
Delegacion: Cuauhtemoc 
Mexico City, D.F. 
Mexico 06600 
Phone: 52·5-514·3583 

Singapore 
Texas Instruments Asia 
#02·08, 12 Lorong Bakar Batu 
Kolam Ayer Industrial Estate 
Singapore 1334 
Republic of Singapore 
Phone: 65·747·2255 

Taiwan 
Texas Instruments Supply Co. 
Taiwan Branch 
Bank Tower 
Room 903, 205 Tun Hwa N. Road 
Taipei, Taiwan 
Phone: 886·2·713·9311 

West Germany 
Texas Instruments Deutschland GMBH 
Metallurgical Materials Div. 
Rosenkavalierplatz 15 
0·8000 Muenchen 81 
Phone: 011-4g.89-915081 



TI Sales Offices TI Distributors 
ALABAMA: Huntsville (205) 837-7530 

ARIZONA: Phoenix (602) 995-1007; 
Tucson (602) 624·3276. 

CALIFORNIA: Irvine (714) 660·8187; 
Sacramento (916) 929-0192; 

~:~t~I~8~~~!5k~~~~~6b: 
Torrance (213) 217·7010; 
Woodland Hills (818) 704·7759. 

COLORADO: Aurora (303) 368·BOOO 

CONNECTICUT: Wallingford (203) 269-0074 

FLORIDA: Ft. Laud.rdale (305) 973·8502; 

~!~~:(~;3f~~~~~J&?5) 260·2116; 

GEORGIA: Norcross (404) 662-7900 

ILLINOIS: Arlington Heights (312) 640·2925 

INDIANA: Fa. Wayne (219) 424·5174; 
Carmel (317) 573·6400. 

IOWA: Cedar Rapids (319) 395·9550. 

MARYLAND: BalUmore (301) 944·8600 

MASSACHUSETTS; Waltham (617) 895-9100. 

~:;n~Ic;.!~ld:(~~i~07~4~~~~ (313) 553-1500; 

MINNESOTA: Eden Prairie (612) 828-9300, 

~lSt~~sR:;~)';;~~7~~. (816) 523-2500; 

NEW JERSEY: Is.lIn (201) 750·1050. 

NEW MEXICO: Albuquerque (505) 345·2555. 

NEW YORK: Easl Syracuse (315) 463·9291; 
Melville (516) 454-6600; Plttslord (716) 385-6770; 
Poughkeepsie (914) 473-2900. 

NORTH CAROLINA: Charlotte (704) 527-0930; 
Raleigh (919) 876·2725. 

OHIO: Beachwood (216) 464-6100; 
. Dayton (513) 258-3877. 

OREGON: Beaverton (503) 643-6758. 

PENNSYLVANIA: Blue Ben (215) 825·9500 

PUERTO RICO: Halo Rey (809)753·8700 .. 

TENNESSEE: Johnson City (615) 461·2192. 

TEXAS: Austin (512) 250·7655; 
Houston (713) 778-6592; Richardson (214) 680-5082; 
San Antonio (512) 496·1779. 

UTAH: Murray (801) 266-8972. 

VIRGINIA: Fairfax (703) 849-1400, 

WASHINGTON: Redmond (206) 881-3080, 

WISCONSIN: Brookfield (414) 785-7140. 

~tc~~~:~ ~'m~~';;t~rin~(~~6\6 ~.~~~-11;970; 
St. lauront, Quebec (514) 336·1860. 

TI Regional 
Technology Centers 
CALIFORNIA: Irvine (714) 660·8140, 
Santa Clar. (408) 748-2220. 

GEORGIA: Norcross (404) 662-7945. 

ILLINOIS: Arlington Heights (312) 640·2909. 

MASSACHUSeTIS: Waltham (617) 895·9197. 

TEXAS: Richardson (214) 680-5066. 

CANAOA: Nepean, Ontario (613) 726·1970 

Customer 
Response Center 
TOLL FREE: (800) 232-3200 

OUTSIDE USA: (214) 995-6611 
(8:00 a.m. - 5:00 p.m. CST) 

TI AUTHORIZED DISTRIBUTORS 
Arrow Electronics (U.S. and Canada) 
Future Electronics (Canada) 
General Radio Supply Company 
Hall·Mark Electronics 
Kierulfl Electronics 
Marshall Industries 
Newark Electronics 
Schweber Electronics 
Time Electronics 
Wyle Laboratories 
Zeus Components 

-OBSOLETE PRODUCT ONLY
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(617) 462·9332 

ALABAMA: Arrow (205) -837-6955; 
Hall-Mark (205) 837·8700; Kierulff (205) 883-6070; 
Marshall (205) 881-9235; Schweber (205) 895·0460. 

ARIZONA: Arrow (602) 968-4800; 
Hall-Mark (602) 437·1200; Kierulff (602) 437-0750; 
Marshall (602) 968-6181; Schweber (602) 997·4874; 
Wyte (602) 866·2888. 

~~~!!?8~~I~b~_~~~~:~:rg':~!~2?ounlY: 
Hall·Mark (818) 716-7300, (714) 669·4700, 
(213) 217-8400; Klerulff (213) 725-0325, (714) 731·5711, 
(714) 220-6300; (818) 407-2500; 
Marshall (818) 407·0101, (818) 459·5500, 
(714) 458-5395; Schweber (818) 999-4702; 
(714) 863·0200; (213) 327·8409; Wyle (213) 322-9953; 
(818) 880-9000, (714) 863·9953; Zeus (714) 921-9000; 
Sacramento: HaU·Mark (916) 722·8600; 
Marshall (916) 635·9700; Schweber (9t6) 929-9732; 
Wyle (916) 638-5282; 

~~~_el:~0(6~~)o~~~,12~1~6~i:~i (619) 278-2112; 
MarShall (619) 578·9600; Schweber (619) 450·0454; 
Wyle (619) 565-9171; 

~~~) ~r:i~%~ ~:~_~r.:t: (:o~~J~?~MO~5-6600; 
Kiemlff (408) 971·2600; Marshall (408) 942-4600; 
~~~~(4bOe;) =!5~~t7171; Wyle (408) 727·2500; 

COLORADO: Arrow (303) 696·1111; , 
Hall·Mark (303) 790-1662; Kierulff (303) 790·4444; 
Marshall (303) 451·8444; Schweber (303) 799-0258; 
Wyle (303) 457-9953. 

CONNECTICUT: Arrow (203) 265·7741; 
Hall-Mark (203) 269-0100; Kierulff (203) 265·1115; 
Marshall (203) 265-3822; Schweber (203) 748-7080. 

FlORIDA: Ft. lauderdale: Arrow (305) 429·8200; 
HaU-Mark (305) 971-9280; Kierulff (305) 486-4004; 
Marshall (305) 977·4880; Schweber (305) 977·7511; 
Orlando: Arrow (305) 725·1480; 
Hall·Mark (305) 855·4020; Kierulff (305) 682·6923; 

~e~~~~~5\3~~.~~;878; Schweber (305) 331·7555; 

Tampa: Hall-Mark (813) 530-4543; 
Marshall (813) 576-1399 

~;I?e~:::(:~J):4~~~bd;4~-i~~~fif (404) 447·5252; 
Marshall (404) 923·5750; Schweber (404) 449·9170 

ILLINOIS: Arrow (312) 397-3440; 
Hall-Mark (312) 860-3800; Kierulff (312) 250-0500; 
Marshall (312) 490·0155; Newark (312) 784·5100; 
Schweber (312) 364-3750. 

INDIANA: Indianapolis: Arrow (317) 243·9353; 
Hall·Mark (317) 872·8875; Marshall (31n 297-0483. 

IOWA: Arrow (319) 395-7230; 
Schweber (319) 373·1417. 

TEXAS 
INSTRUMENTS 

~:I~~~~~ ~~~)~~~!~~ 7~r~a~s~~,~)(E{ ~i~59~~~'21; 
Schweber (913) 492·2921. 

MARYlAND: Arrow (301) 995-0003; 
Hall·Mark (301) 988·9800; Kierulff (301) 840-1155; 
Marshall (301) 840·9450; Schweber (301) 840·5900; 
Zeus (301) 997·1118 

MASSACHUSETTS: Arrow (617) 933·8130; 
Hall·Mark (617) 667·0902; Kierulff (617) 667-8331; 
Marshall (617) 658-0810; Schweber (617) 275·5100, 
(617) 657-0760; Time (617) 532-6200; 
Zeus (617) 863-8800. 

MICHIGAN: Detroil: Arrow (313) 971·8220; 
Marshall (313) 525-5850; Newark (313) 967-0600; 

~i::de~~~~~~7)A~~~:~~~) 243-0912 

MINNESOTA: Arrow (612) 830·1800; 
Hall·Mark (612) 941-2600; Kierulft (612) 941.7500; 
Marshall (612) 559-2211; Schweber (612) 941-5280. 

MISSOURI: St. Louis: Arrow (314) 567·6888; 
Hall-Mark (314) 291-5350; Kierulff (314) 997·4956; 
Schweber (314) 739-0526. 

NEW HAMPSHIRE: Arrow (603) 668-6968; 
Schweber (603) 625-2250. 

NEW JERSEY: Arrow (201) 575-5300, 
(609) 596·8000; General Radio (609) 964-8560; 
Hall·Mark (201) 575·4415, (609) 235·1900; 
Kierulff (201) 575-6750, (609) 235·1444; 
Marshall (201) 882-0320, (609) 234-9100; 
Schweber (201) 227·7880 

NEW MEXICO; Arrow (505) 243-4566. 

~~lrM~~kR~:lk)iJ7~~~~::~~~~al(~1;i6~32'71?J'g~3; 
Schweber (516) 334·7555; Zeus (914) 937-7400. 
Rochester: Arrow (716) 427·0300; 
Halt·Mark (716) 244-9290; Marshall (716) 235-7620; 
Schweber (716) 424·2222. 
Syracuse: Marshall (607) 798·1611-

NORTH CAROLINA: Arrow (919) 876·3132, 
(919) 725·8711; Hall-Mark (919) 872-0712; 
Kierulff (919) 872-8410; Marshall (919) 878-9882; 
Schweber (919) 876·0000. 

OHIO: Cleveland: Arrow (216) 248·3990; 
Hall·Mark (216) 349-4632; Kierulff (216) 831·5222; 
Marshall (216)248-1788; Schweber (216) 464·2970 
Columbus: Arrow (614) 885-8362; 
Hall·Mark (614) 888-3313; 
Oayton: Arrow (513) 435·5563; 
Kierulff (513)439-0045; Marshall (513) 236-8088; 
Schweber (513) 439·1800. 

OKLAHOMA: Arrow (918) 665-7700; 
Kierulff (918) 252·7537; Schweber (918) 622-8000 

OREGON: Arrow (503) 684-1690; 
Kierulff (503) 641·9153; Wyle (503)640-6000; 
Marshall (503) 644-5050. 

PENNSYLVANIA: Arrow (412) 856·7000, 
(215) 928·1800; General Radio (215) 922·7037; 
Schweber (215) 44H1600, (412) 782·1600. 

TEXAS: Austin: Arrow (512) 835·4180; 
Hall-Mark (512) 258-8848; Kierulff (512) 835·2090; 
Marshall (512) 837·1991; Schweber (512) 458·8253; 
Wyte (512) 834·9957; 
DaUas: Arrow (214) 380-6464; 
Hall·Mark (214) 553·4300; Kierulff (214) 840-0110; 
Marshall (214) 233·5200; Schweber (214) 661-5010; 
Wyle (214) 235-9953; Zeus (214) 783-7010; 
Houston: Arrow (713) 530-4700; 
Hall·Mark (713) 781·6100; Kierulff (713) 530-7030; 
Marshall (713) 895·9200; Schweber (713) 784·3&00; 
Wyle (713) 879-9953. 

UTAH: Arrow (601) 972-0404; 
Hall·Mark (801) 972·1008; Kierulff (801) 973-6913; 
Marshall (801) 485-1551; Wyle (801) 974-9953. 

WASHINGTON: Arrow (206) 643·4800, 
Kierulif (206) 575-4420; Wyle (206) 453-8300; 
Marshall (206) 747·9100. 

WISCONSIN: Arrow (414) 792-0150; 
Hall·Mark (414) 797-7844; Kierulff (414) 784·8160; 
Marshall (414) 797·8400; Schweber (414) 784·9020 

CANADA: Calgary: Future (403) 235·5325; 
Edmonton: Future (403) 438-285B; , 
Montreal: Arrow Canada (514) 735·5511; 
Future (514) 694·7710; 
Ottawa: Arrow Canada (613) 226·6903; 
Future (613) 820·8313; 
Quebec City: Arrow Cana.da (418) 687·4231; 
Toronto: Arrow Canada (416) 672·7769; 
Future (416) 638-4771; 
Vancouver: Future (604) 294·1166; 
Winnipeg: Future (204) 339·0554. 

BT 



TI Worldwide 
Sales Offices 
ALABAMA: Huntsville: -500 Wynn Drive, Suite 514, 
Huntsville, Al 35805, (205) 837·7530. 

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 
AZ 85021, (602) 995·1007. . 

CALIFORNIA: Irvine: 17891 Cartwright Ad., Irvine, 
CA 92714, (714) 660-8187; Sacramento: 1900 Point 
West Way, Suite 171, Sacramento, CA 95815, 

~J~ ar,'~~1br:gno~b"'~2~~~ (~~eg) ~~86o~~e., 
Sanla Clara: 5353 Betsy Ross Dr., Santa Clara, CA 

~a~~~A~~i2~~)~~~.l!jo~~ Knox St., 
Woodland Hilla: 21220 Erwin St .• Woodland Hills, 
CA 91367, (818) 704-7759. 

COLORADO: Aurora: 1400 S. Potomac Ave., 
Suite 101, Aurora, CO 80012, (303) 368·8000. 

CONNECTICUT: Wallingford: 9 Barnes Industrial 
Park. Rd., Barnes Industrial Pal1l., Wallingford, 
CT 06492, (203)269-0074. 

FLORIDA: Ft. Lauderdale: 2765 N.W. 62nd St., 
Ft. Lauderdale, FL 33309, (305) 973·8502; 
Maitland: 2601 Maitland Center Parkway, 
Maitland, FL 32751, (305) 661l-4600; 
Tampa: 5010 W. Kennedy Blvd., Suite 101, 
Tampa, FL 33609, (813) 870·6420. 

GEORGIA: Norcros.: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 862·7900 

~r~il~g~~~: ~!~~~~~LH:A~~~: (g~.~) ':40~4B~~.qUin, 
1~~':8~~,: ~~'9r:l:~~~~~(rlnwoOd Or., FI. Wayne, 

Indianapolis: 2346 S. Lynhurst, Suite J·400, 
Indianapolis, IN 46241, (317) 248·8655. 

'IOWA: Cedar Rapid.: 373 Collins Rd. NE, Suite 200, 
Cedar Rapids, IA 52402, (319) 395·9550. 

MARYLAND: Baltimore: 1 Rutherford PI., 
7133 Rutherford Rd., Baltimore,' MD 21207, 
(301) 944-8600. 

MASSACHUSETTS: WaUham: 504 Totten Pond Ad., 
Waltham, MA 02154, (617) 895·9100. 

~!~~~~~:~ ~~~lrJtl~~~:,I(§13£7g~3~5J8. Mile Rd., 

MINNESOTA: Eden Prairie: 11000 W. 78th St., 
Eden P~airle, MN 55344 (612) 828·9300. 

~1~~~g~R~~~:~'~~I~:~:o~ard Pkwy., Kansas 
St. Loula: 11816 Borman Drive, SI. Louis, 
MO 63148, (314) 589·7600. 

NEW JERSEY: l.eUn: 4B5E U:S. Route 1 South, 
Parkway Towers, Iselin, NJ 08830 (201) 750·1050 

NEW MEXICO: Albuquerque: 2820·0 Broadbent Pkwy 
NE, Albuquerque, NM 87107, (505) 345-2555. 

~:r!J~~~:Y~~5"r~~~)~t~?;0Ilamer [1r., East 
Endicott: 112 Nantico~e Ave., P.O. Box 618, Endicott, 
NY 13760, (607) 754-3900; Melville: 1 Huntington 
Quadrangle, Suite,3C10, P.O. Box 2936, Melville, 
NY 11747, (516) 454-6600; Pittsford: 2851 Clover St., 
Pittsford, NY 14534, (716) 385-6770; 
~u,::~p(~:~)3fi3-~~~ Rd., Poughkeepsie, 

NORTH CAROLINA: Charlotte: 8 Woodlawn Greer.!, 
Woodlawn Rd., Charlotte, NC 28210, (704d 527-0930; 
~~~2s~97iB~~~~ Blvd., Suite 10 , Raleigh, 

OHIO: 8eachwood: 23408 Commerce Park Ad., 
, Beachwood, OH 44122, (216) 464-6100; 
g~~s7a~~(g~~)Y2~~t:124 Linden Ave., Dayton, 

OREGON: 8eaverton: 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 

PENNSYLVANIA: Ft. Washington: 260 New York Dr., 
Ft. Washington, PA 19034, (215) 643·6450; 

g~~:~~~:l:~ ~~O 1~~~~(4~~j'7~tl{E~O~ Office Park, 

PUERTO RICO: Hato Rey: Mercanti! Plaza Bldg., 
Suite 505, Hato Rey, PR 00919, (809) 753·8700. 

TEXAS: Austin: P.O. Box 2909, Austin, TX 78769, 
~i~~ Rj~:o~.on: 1001 E. Campbell Rd., 

(214) Houslon: 9100 Southwest Frwy., 
Suit , TX 77036, (713) 778·6592; 
San Antonio: 1000 Central Parkway South, 
San Antonio, TX 78232, (512) 496·1779. 

UTAH: Murray: 5201 South Green SE, Suite 200, 
Murray, UT 84107, (801) 266·8972. 

VIRGINIA: Fairfax: 2750 Prosperity, Fairfax, VA 
22031, (703) 849-1400. 

WASHINGTON: Redmond: 5010 148th NE, Bldg B, 
Suite 107, Redmond, WA 98052, (206) 881-3080. 

WISCONSIN: Brookfield: 450 N. Sunny Slope, 
Suite 150, BroOkfield, WI 53005, (414) 785·7140. 

CANADA: Nepea": 301 Moodie Drive, Mallorn 
Center, Neeean, OntariO, Canada, K2H9C4, 

Wi~~~~~2 J~i ~~~~~~~~~i;,ag~~~~e St. E., 
(416) 884·9181; St. Laurant: Ville St. Laurent Quebec, 

~a~'!J~aH:S~aRi.1~1~ij35~39~~urent, Quebec, 

ARGENTINA: Texas Instruments Argentina 
S.A.I.C.F.: Esmeralda 130, 15th Floor, 1035 Buenos 
Aires, Argentina, 1 +394-3008. 

AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6-10 Talavera Rd., North Ayde 
(Sydney), New South Wales, Australia 2113, 
2 + 887·1122; 5th Floor, 418 St. Kllda Road, 
Melbourne, Victoria, Australia 3004, 3 + 267-4677; 
171 Philip Highway, Elizabeth, South Australia 5112, 
8 + 255·2066. 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industrlestrabe B/16, A-2345 Brunn/Geblrge,. 
2236·846210. 

~~~~~Md:n~~:~ ~~~~t~Tr~:~ ~ri~ R~:18~u~ ~u~~e, 
1130 Brussels, Belgium, 2/720.80.00. 

BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Aua Paes Leme, 524·7 Andar Plnheiros, 05424 
Sao Paulo, Brazil, 0815-6166. 

DENMARK: Texas Instruments AIS, Mairelundvej 
46E, DK-2730 Herlev,. Denmark, 2 - 91 74 00. 

FINLAND: Texas Instruments Finland OY: 
Teoilisuuskatu 19000511 Helsinki 51, Finland, (90) 
701-3133. 

FRANCE: Texas Instruments France: Headquarters 
and Prod. Plant, BP 05, 06270 Vilieneuve·Loubet, 

~r~~~~~I;nfe~:i~8~~~C~e:~'~~II~g~r:;,ue 
(3) 946-97-12; Lyon Sales Office, L'Oree O'Ecully, 
Batlmant B, Chemin de la Forestiere, 69130 Ecully, 

• TEXAS 
INSTRUMENTS 

~~r:!:n~~FD':~t:~~~~I~C cf~~~~:eJ~~:r'asse 1, 
0-8050 Frelslng, 8161 +80-4591; Kurfuerstendamrn 
1951196,0·1000 Berlin 15, 30+882-7365; III, Hagen 
431Klbbelstrasse, .19, 0·4300 Essen, 201·24250; 
Frankfurter Allee 6·8,0-6238 Eschborm 1, 
06196+8070; Hamburgerstrasse 11, 0·2000 Hamburg 
76,040+220·1154, Kirchhorsterstrasse 2, 0·3000 
Hannover 51, 511 +648021; Maybachstrabe 11, 
0-7302 Ostflldern 2-Nelingen, 711 +547001; 

~~~~~~~~~:9, ~~~t~aas~~u1r3, t°-54~+ ~~~~~1; 
261 +35044. 

HONG KONG (+ PEOPLES REPUIUC OF CHINA): 
Texas Instruments Asia Ltd., 8th Floor, World 
Shipping Ctr., Harbour City, 7 Canton Rd., Kowloon, 
Hong Kong, 3 + 722-1223. 

IRELAND: Texas Instruments (Ireland) limited: 
Brewery Ad., Stillorgan, County Dublin, Eire, 
1831311. 

ITALY: Texas Instruments Semiconduttorl Italia Spa: 
Viale Delle Scienze, 1, 02015 CIUaducale (Aieti), 
Italy, 746 694.1; Via Salarla KM 24 (Palazzo Cosma), 
Monterotondo Scalo (Rome), Italy, 6+9003241; Viale 

~~gf2~ ~~6~r~O:;i~~~~~~~~f~1z3g~~~~~~?;a'y, 
11 774545; Via J. Baroul 6, 40100 Bologna, Italy, 51, 
355851 .. 

JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama 

~~~y~~'ap:~1~b~i~~2a1n;~; t~::~ra~~n:.t~t.u, 
Nissho Iwal Bldg., 30 Imahashi 3- Chome, 
Hlgashl·ku, Osaka, Japan 541,06·204·1881; .Nagoya 
Branch, 7F Oalni Toyota West Bldg., 10·27, Meieki 
4·C~ome, Nakamura·ku Nagoya, Japan 
450, 52·583·8891. 

KOREA; Texas Instruments Supply Co.: 3rd Floor, 

~~sn~~o~\??<o~~~~a:~i~80?angnam-kU, 
MEXICO: Texas Instruments de Mexico S.A.: Mexico 
City, AV Reforma No. 450 - 10th Floor, Mexico, 
O.F., 06600, 5+514-3003. 

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 

~:~~~aB~~~'ra?~;~~:~~ ~~~: :7~'+~~~:1~35, 
NETHERLANDS: Texas Instruments Holland B.V., 

~U?d.~~~t~=a~~U~~~:!:b~~ff. CB Amsterdam, 

=~:::~~r,eo~ol~~tNuo7!~~~ (~)o~~;~~S: PB106, 

PHILIPPINES: Texas Instruments Asia Ltd.: 14th 

~~~!ti~~e~~:~~I~d~hi~~~in~:~~"+~~~~~' 
PORTUGAL: Texas Instruments Equlpamento 

~\~~~~~C5~ (:~~?:16al~a;a~~~7~nf1J!~~~~~a1, 
2·948-1003. 

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Asia Ltd.: 12 Lorong 
Bakar Batu, Unit 01'()2, Kolam Ayer Industrial Estate, 
Republic of Singapore, 747·2255. 

SPAIN: Texas Instruments Espana, SA: C/Jose 
Lazaro Galdlano No.6, Madrid 16, 1/458.14.58. 

SWEDEN: Texas. Instruments International Trade 
Corporation (Sverlgefiilalen): Box 39103, 10054 
StOCkholm, Sweden, 8 - 235480. 

SWITZERLAND: Texas Instruments, Inc., Reldstrasse 
6, CH-8953 Diellkon (Zuerich) Switzerland, 
1·7402220. 

TAIWAN: Texas Instruments SUPPI~ Co.: Aoom 903, 

~~w~~~ ~~~~I~:o,r6~~~~2K~~~1.8a~i.TaIPel, 
UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 

~~~~k~~, J;R4e~R~~~s~gl~~~i~~~o~4~'~~2~orth, 
8M 
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