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Introduction

The Texas Instruments (T1) advanced high-speed CMOS (AHC) logic family provides a natural migration for high-speed
CMOS (HCMOS) users who need more speed for low-power, and low-drive applications. Unlike many other advanced logic
families, AHC does not have the drawbacks that come with higher speed, e.g., higher signal noise and power consumption.
The AHC logic family consists of gates, medium-scale integrated circuits, and octal functions fabricated using the EPIC
process that features higher performance than the HCMOS HC product family at comparable cost.

This application report introduces the AHC logic family characterization information to supplement the AHC/AHCT Logic
Advanced High-Speed CMOS DataBook, literaturenumber SCLDO03A. Theadditional informationisto aid design engineers
in more accurately designing their digital logic systems. The focus is on the family’s features and benefits, product
characteristics, and design guidelines. This application report is divided into sections, each dealing with a specific
characteristic of the AHC logic family. This application report focuses on the AHC logic family and compares it to the
HC family.

The main topics discussed are:

High-Speed CMOS (HC)
Advanced High-Speed CMOS (AHC)
Protection Circuitry

AC Performance

Power Considerations
Input Characteristics
Output Characteristics
Signal Integrity

AHC VersusHC
Advanced Packaging
Microgate Logic

For more information on TI’s AHC logic products, please contact your local Tl field sales office or an authorized distributor,
or call Tl at 1-800-336-5236.

High-Speed CMOS (HC)
HC hasthe following characteristics:

* TheHC family covers awide range of applications: low power drain for low-speed systems, and adightly higher
drain for higher-speed systems.

* The HC family has ac parameters ensured at supply voltages of 2 V, 4.5V, and 6 V over the full operating
temperaturerangeintoa50-pFload. The TTL compatibleversion, HCT, isspecified for a4.5-V t05.5-V V¢ range.

* InHC, only the gatesthat are switching contribute to the dynamic system power. Thisreducesthe size of the power
supply required, thus providing lower system cost and higher reliability through lower heat dissipation.

¢ HCdevicesareidea for battery-operated systems, or systems requiring battery backup because there is virtually
no static power dissipation.

¢ Improved noiseimmunity is due to the rail-to-rail (V cc-to-ground) output voltage swings.

¢ HC devices are warranted for operation over an extended temperature range of —40°C to 85°C.



Advanced High-Speed CMOS (AHC)

AHC can be used for higher-speed applications. Some advantages of using AHC over HC are:

* The AHC logic family is almost three times faster than the HC family. The AHC logic family has a typical

propagation delay of about 5.2 ns.

* TheAHC logic family allows designersto combine the low-noise characteristics of HCM OS deviceswith today’s
performance level s without the overshoot/undershoot problems typical of higher-drive devices.

* The AHC family has lower power consumption than the HC family.
* Theoutput driveis+8 mA at 5-V Vcc and +4 mA at 3.3-V V.

AHC devices are available in D and DW (SOIC), DB (SSOP), N (PDIP), PW (TSSOP), and DGV (TVSOP)

packages. Selected AHC devices are available in military versions (SN54AHCxx).

* Microgate Logic (single-gate) versions that simplify routing are also available.

Electrostatic discharge (ESD) and latchup are two traditional causes of CMOS device failure. To protect AHC devicesfrom

Protection Circuitry

ESD and latchup, additional circuitry has been implemented at the inputs and outputs of each device.

Electrostatic Discharge

ESD occurs when abuildup of static charges on one surface arcs through a dielectric to another surface that has the opposite
charge. The end effect isthe ESD causes a short between the two surfaces. These damaged devices might pass normal data
sheet tests, but eventually fail. The input and output protection circuitry designed by T1 providesimmunity to over 2000V in
the human-body-model test, over 200 V in the machine-model test, and over 1000 V in the charged-device model test.

Figure 1 showsthecircuitry implemented to provide protection for theinput gatesagainst ESD. The primary protection device
isalow-voltage-triggered silicon-controlled rectifier (LV TSCR). During an ESD event, most of the current isdiverted through
the LVTSCR. Additional protectionis provided by the resistor and secondary clamp transistors, which break down during an

ESD event and protect the gate oxides.

Figure 2 shows how the LVTSCR protects an output.
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Figure 1. ESD Input Protection Circuitry

To Gates



T—O Output Pin
|: LVTSCR

L= 1

Figure 2. ESD Output Protection Circuitry

Latchup Protection

Internal to almost all CMOS devices are two parasitic bipolar transistors; one p-n-p and one n-p-n. Figure 3 shows the cross
sectionof atypical CMOSinverter withtheparasitic bipolar transistors. Asshownin Figure4, these parasitic bipol ar transistors
are naturally configured as athyristor or asilicon-controlled rectifier (SCR). These transistors conduct when one or more of
the p-n junctions become forward biased. When this happens, each parasitic transistor suppliesthe necessary base current for
the other to remain in saturation. Thisisknown asthe latchup condition and could destroy the device if the supply currentis

not limited.
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Figure 3. Parasitic Bipolar Transistors in CMOS
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Figure 4. Schematic of Parasitic SCR Showing P-Gate and N-Gate Electrodes Connected

A conventional thyristor isfired (turned on) by applying avoltage to the base of the n-p-n transistor, but the parasitic CMOS
thyristor isfired by applying avoltage to the emitter of either transistor. One emitter of the p-n-p transistor is connected to an
emitter of the n-p-n transistor, which is also the output of the CMOS gate. The other two emitters of the p-n-p and the n-p-n
transistors are connected to V ¢ and ground, respectively. Therefore, to trigger the thyristor there must be a voltage greater
than Ve + 0.5V or lessthan —0.5 V and there has to be sufficient current to cause the latchup condition.

L atchup cannot becompletely eliminated. Thealternativeisto prevent thethyristor fromtriggering. Tl hasimprovedthecircuit
design by adding an additional diffusion or guard ring. The guard ring providesisolation between the device pinsand any p-n
junction that is not isolated by any transistor gate.

Switching Characteristics

The switching characteristics of the AHC are similar to those of the AHCT in terms of the operating conditions and limits,
except for the AHCT input TTL compatibility. Table 1 gives the performance figures for the HC/HCT and the AHC/AHCT
logic parts. Individual data sheets provide parameter values for the AHC and the AHCT devices for different values of
operating free-air temperature, number of outputs switching, and load capacitance.

Table 1. HC and AHC Performance Comparison (Typical Values)

DEVICE SN74HC SN74HCT | SN74AHC | SN74AHCT
244 buffer 13 ns 15ns 5.8 ns 5.4ns
245 transceiver 15ns 14 ns 5.8 ns 4.5ns
373 latch 15ns 20 ns 5ns 5ns
374 flip-flop 17 ns 25ns 5.4 ns 5ns

AHC isamost three times faster than HC.

Power Considerations

The power dissipation of CMOS devices can be divided into three components:

*  Quiescent power dissipation, Py
* Transient power dissipation, P
*  Capacitive power dissipation, Pg
The quiescent power isthe product of V ¢ and the quiescent current, | cc. The quiescent current isthereverse current through

the diodes that are reverse biased. Thisreverse current is generally very small (afew nA), which makes the quiescent power
insignificant. However, for circuits that are in static condition for long periods, the quiescent power must be considered.



The transient power is due to the current that flows only when the transistors are switching from one logic level to the other.
During thistime, both of the transistors are partially on, which produces alow-impedance path between V ¢ and ground that
resultsin acurrent spike. Therise (or fall) time of theinput signal hasadirect effect on the duration of the current spike. This
is because the faster the input signal passes through the transition region, the less time both transistors are partially on. The
transient power isdependent on the characteristics of thetransistors, the switching frequency, and theriseand fall timesof the
input signal. The component can be cal culated using the following equation:

P, = Cy X Voo X f (1)
Where:
Ve = Supply voltage (V)
fi = Input frequency (Hz)
Cpd = Power dissipation capacitance (F)

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

P = C. X V© X fo )
Where:
Ve = Supply voltage (V)
fo = Output frequency (Hz)
C_ = Externa load capacitance (F)

Power Dissipation

AHCT devicesare used primarily to interface TTL output signalsto CMOS inputs. To make the inputs of the AHCT devices
TTL-voltage compatible, the input transistor geometries were changed. Thisincreased the power consumption, as compared
totheequivalent AHC device, if theinput iskept at alevel other than GND or V cc. Theincreasein power consumption occurs
because TTL input levels cause both transistors in the transistor pair to be partially turned on. Included in the tables for the
AHCT devicesisthe parameter Al ¢, which enables the designer to compute how much additional current the AHCT device
draws per input when at a TTL-voltage level.

Figure 5 shows the relation between the supply current and the frequency of operation for the AHC245 and the AHCT 245.
Theincrease in power consumption for the AHCT isrelatively insignificant.
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Input Characteristics

The AHC logic family input structureis such that the 5-V CMOSdc V| and V| fixed levelsof 1.5V and 3.5V are ensured,
meaning that, whilethethreshold voltage of 2.5V istypically wherethetransition from arecognized low input to arecognized
highinputoccurs,itisat 1.5V and 3.5V that thecorresponding output level sare specified. For AHCT, V| _and V| fixedlevels

of 0.8V and 2 V are ensured, and the threshold voltage is 1.5 V. Figure 6 shows the characteristics for the AHC245 and
the AHCT245.
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Figure 6. Supply Current Versus Input Voltage

AHC Input Circuitry

Thesimplified AHC input circuit shown in Figure 7 consists of two transistors, sized to achieve athreshold voltage of 2.5 V.
Since V¢ is5V and the threshold voltage is commonly set to be centered around one-half of V¢ in apure CMOS input,
additional circuitry to reduce the voltage level is not required and the resulting simplified input structure consists of two
transistors. Whentheinput voltage V| islow, thePMOStransistor (Qp,) turnsonand theNM OStransistor (Qp) turnsoff, causing
current to flow through Qp, resulting in the output voltage (of theinput stage) to be pulled high. Conversely, when V| ishigh,

Qn turns on and Qp turns off, causing current to flow through Qp, resulting in the output voltage (on the input stage) to be
pulled low.

Vce

V| S

Figure 7. Simplified Input Stage of an AHC Circuit



Figures 8 and 9 show thegraphs of V o versus V| for the AHC04 and the AHCT04. The recommended operating range for the
AHC family isfrom 2V to 5.5 V. For the AHCT the recommended rangeisfrom 4.5V to 5.5 V. Input hysteresis of typically
150 mV isincluded in AHC devices (300 mV in AHCT devices), which ensures the devices are free from oscillations by
increasing the noise margin around the threshold voltage during low-input transitions.
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Figure 8. Output Voltage Versus Input Voltage (AHCO04)
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Figure 9. Output Voltage Versus Input Voltage (AHCTO04)



Input Current Loading

Minimal loading of the system bus occurswhen using the AHC family dueto the EPI C process CM OSinput structure; the only
loading that occursis caused by leakage current and capacitance. Input current islow, typically lessthan 1 pA (see Table 2).
Capacitancefor transceiverscan beaslow as2.5 pFfor C; and 4 pFfor Cj. Sinceboth of thevariablesthat can affect busloading
arerelatively insignificant, the overall impact on busloading on theinput side using AHC devicesisminimal and, depending
on the logic family being used, bus loading can decrease as aresult of using AHC parts.

Table 2. Input-Current Specification

SN74AHC245
PARAMETER TEST CONDITIONS UNIT
MIN  MAX
| V| =Vcc or GND +1 MA
loz' Vo = Vcc or GND, V| = (OE) = V|_or V|4 25| uA

tFor 110 ports, the parameter |gz includes the input leakage current.

Supply Current Change (Alcc)

Becausetheinput circuitry for AHC isCMOS, an additional specification, Al cc, is provided to indicate the amount of input
current present when both p- and n-channel transistors are conducting (see Power Dissipation in the application report).
Although this situation existswhen alow-to-high or high-to-low transition occurs, the transition usual ly occurs so quickly that
the current flowing while both transistors are conducting is negligible. It is more of aconcern, however, when a device with
aTTL output drivesthe AHC part. Here, adc voltagethat isnot at therail isapplied to theinput of the AHC device. Thisresults
in both the n-channel transistor and the p-channel transistor conducting, and a path from V¢ to GND is established. This
current is specified as Al o in the data sheet for each device and is measured one input at atime, with theinput voltage set at
Vcc—0.6V, whileall other inputsareat V cc or GND. Table 3 providesthe Al ¢ specification, which is contained in the data
sheet for the SN74AHCT 245.

Table 3. Alcc-Current Specification

SN74AHCT245
PARAMETER TEST CONDITIONS UNIT
MIN MAX
Alcc One input at 3.4 V, Other inputs at Vcc or GND, Vcc =55V 1.5 mA

Figure 10 isagraph of || versus V| for the AHC245. An operating rangefrom O V to 5.5 V is recommended.
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Figure 10. Input Current Versus Input Voltage (AHC245)



DC Characteristics

The AHC family usesapure CMOS output structure. The AHC family hasthe dc characteristics shownin Table 4. Thevalues

are measured at Ty = 25°C.

Table 4. AHC DC Specifications

SN74AHC245
PARAMETER TEST CONDITIONS Vce Tp =25°C UNIT
MIN TYP  MAX
2V 1.9 2
loH =-50 pA 3V 2.9 3
VOH 45V 4.4 4.5 \%
IoH = —4 mA 3v | 258
loH =-8mA 45V | 3.94
2V 0.1
loL =50 pA 3V 0.1
VoL 45V 01| v
loL =4 mA, 3V 0.36
loL =8 mA, 45V 0.36
I V| = Ve or GND 55V 01| pA
ozt Vo = Ve or GND, V| (OE) = Vj_or V|H 55V +025| pA
Icc V| =Vcc or GND, lp=0 55V 4 UA
Ci V| = Ve or GND 5V 25 PF
Cio V| = Ve or GND 5V 4 PF

T For 1/0 ports, the parameter Igz includes the input leakage current.

AHC/AHCT Output Circuitry

Figure 11 shows asimplified output stage of an AHC/AHCT circuit. Whenthe NMOS transistor (Qy) turns off and the PMOS
transistor (Qp) turnson and beginsto conduct, the output voltage (V o) ispulled high. Conversely, when Qp turnsoff, Qy, begins
to conduct and Vg ispulled low. The AHC/AHCT devices have arail-to-rail output swing to make them compatible with the

HC/HCT families.

Vee

i—d| o

Vo

‘—|  an

Figure 11. Simplified Output Stage of an AHC Circuit



Output Drive
Figure 12 shows vauesfor Vg vslg and o vsV oy for the AHC/AHCT245.
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Figure 12. AHC Output Characteristics

Partial Power Down

All AHC devicesare 5-V input tolerant when operated at 3.3 V. To partially power down a device, no paths from the input or
output pinsto V cc exist. With the AHC family, there are no pathsfrom the input pinsto Vcc. The AHC/AHCT deviceshave
rail-to-rail output swingsto makethem compatiblewiththe HC/HCT family. The AHC/AHCT devicesdo not haveapath from
the output pinsto V¢ and can be partially powered down.

10



Proper Termination of Outputs

Depending on thetracelength, special consideration might need to be givento thetermination of the outputs. Asageneral rule,
if the trace length isless than four inches, no additional components are necessary to achieve proper termination. If the trace
length is greater than four inches, reflections begin to appear on the line and the system might appear noisy and generate
unreliable data. The solution to thisisto terminate the outputs in an appropriate manner to minimize the reflections.

Common Termination Techniques

M ost transmi ssion-linetermination techniquesrely onimpedance matching at either the sourceor receiver toreducereflections
and line noise (see Figure 13). Series, thevenin, and ac techniques commonly are used and are effective methods of line
termination for high-speed logic. Shunt termination is educational, but has implementation problems. Diodes can be used as
asolution, but, generally, thisis not a good termination technique by itself.

Shunt Thevenin vee

_ RlRZ
R,+R, =

DS RPN u»u»

Series Resistance

R
[> I 20 }—i : >
a a) On chip

b) Off chip

b

Figure 13. Termination Techniques

Shunt

Shunt termination (see Figure 13) is one of the simplest termination techniques to implement. The value of the termination
resistor should match the line impedance for best performance. As the transmitted signal reaches the receiver, the shunt
termination drains off the current with an impedance matching the transmission line. There is no reflection, thus, no noiseis
retransmitted down the transmission line.

There are several disadvantagesto shunt termination. Usually thelineimpedanceisfairly low (50 Q to 70 Q), which requires
aresistor of similar value. This causesaheavy dc current drain on the source when in thelogic high state and requiresastrong
linedriver to source the current. With the low-impedance resistor pulling to GND, the V g of thetransmission lineis lower,
reducing the noiseimmunity at thereceiver. Additionaly, having astrong pull down on the transmission line might unbalance
the rising and falling edges of the signal, causing the falling edge to be faster than the rising edge, resulting in duty-cycle
distortion of the signal.

11



AC

AC termination utilizes the same line-impedance-matching resistor as shunt termination, except it is ac coupled with a
capacitor, making a simple high-pass filter. The capacitor appears to be a short circuit during signal transitions when
termination is needed, but eliminates the dc component of the current drain.

AC termination (see Figure 13) has the precise termination advantages of shunt termination, but reduces the di sadvantages of
dccurrent drainand waveform distortion. At each transition of thesignal, thecapacitor chargesuptothevoltagelevel necessary
to maintain zero volts across the resistor. During the arrival of the next input transition, the signal drivesthe full value of the
resistor until the capacitor can again recharge.

It is recommended that the resistor value be equivalent to the line impedance. The ideal capacitor value varies with line
impedance, edge rate, and desired signal quality. The values are not critical, but tests have shown that with Tl logic, avalue
of 50 pF for the capacitor is a good compromise. Increasing the capacitance value to 200 pF improves signal quality, but
sacrifices power dissipation. Reducing the value to 47 pF lowers the power dissipation, but sacrifices signal quality. Values
below 47 pF giveavery highfrequency responseto thefilter and tend to beineffectivefor linetermination. Val ues above 200 pF
add power dissipation without additional signal quality improvement. AC termination is excellent for use with clock drivers,
cables, backplanes, distributed |oads, and many other applications. The combined cost of the capacitor, resistor, and real estate
for each line frequently precludes general use for on-board bus termination.

Thevenin

Thevenin termination (see Figure 13) attemptsto correct the dc problems of shunt termination by reducing the dc load of the
termination and pulling the signal closer to the center of the transition. For high-speed logic, it is best to center the dc level
atalogichigh (>2.0 V) toavoid holding theinput at theinput threshol d (toggle point »1.5V). Under thiscondition, if thedriver
shuts off (high Z), the input pulls up rather than causing oscillations from logic uncertainties.

A disadvantage of theveninterminationisthedcleakagefromV ¢ to GND through theterminator. Using thevenintermination
tomatch a50- or 70-Q2 linerequiresaparall el resistancethat islow enoughto passconsiderablecurrent. Theveniniscommonly
used on backplanes, cables, and other long transmission lines. Some applications, such as backplanes, might require
termination at both ends of the transmission line.

Diode

Diode termination (see Figure 13) simply clips the undershoot of a high-to-low transitioning signal and thereby reduces the
linereflection. Diode termination can be effectiveif the cause of the problem isundershoot and the frequency response of the
diodeis considerably higher than the transition frequency of the signal.

With very-high-speed logic families, such as TI's, the frequency response of the output-signal transition can reach 400 MHz
and beyond. At these frequencies, the effectiveness of diode termination is limited due to the frequency response of the
terminator. While some benefit might be realized with diode termination, the inductances, capacitances, and frequency
response of the diode and diode connections probably make the termination scheme less effective when used at high
frequencies.

The interna parasitic clamp diode to ground, found on the inputs and outputs of all CMOS logic, bleed off some of the
overshoot current, but this parasitic clamp does not have the necessary frequency response to perform effective diode
termination in high-speed applications. Diode termination frequently is used on backplanes and long cables, possibly in
conjunction with another form of line termination.

Series (Source Terminated)

Seriestermination reducesthe output edgerate of thedriver, the switching amplitude of thesignal, and the chargeinjected into
thetransmissionline. Thishassignificant benefitsby reducing signal linenoiseand el ectromagneticinterference (EMI). Series
termination adds aseriesresistor at the output of theline driver, effectively increasing the source impedance of the driver (see
Figure 13). When using series termination with distributed loads, care must be taken that the combined output impedance of
thedriver and seriesresistor issmall enoughto allow first incident-wave switching. If the output impedance becomestoo high,
the step that is seen in the output transition does not toggle the components at the near end of the transmission line until the
signal passes down theline and returnsto the source, causing an unnecessary propagation delay. Seriesterminationisthe most
commonly used form of termination and is found on circuit boards, cables, and in most other applications.
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Table 5 provides a comparison of the five termination techniques.

Table 5. Termination Techniques Summary

ADDITIONAL POWER HOLDS
t
TECHNIQUE DEVICES INCREASE DELAY DEFINED LEVEL IDEAL VALUE COMMENTS
Shunt 1 Significant No Yes R=Z¢p Low dc noise margin
Thevenin 2 Yes No Yes R1=R2=2Zp Gopd fgr_ backplanes due to
maintaining drive current
AC 2 vi N N R=20 | inf d
es o} 0 60 < C < 330 pF ncrease in frequency and power
Series resistor 0 No Small No 25=<R=<33q |©00dundershootclamping;
on device useful for point-to-point driving
Good undershoot clamping;
Diode 1 No No No NA useful for standard backplane

terminations

t Symbols are defined in Figure 13.

Signal Integrity

System designers often are concerned with the performance of a device when the outputs are switched. The most common
method of assessing thisis by observing the impact on a single output when multiple outputs are switched.

Simultaneous Switching

Inadigital circuit, when multiple outputs switch, the current through the ground or V ¢ terminals changes rapidly. Asthis
current flows through the ground (or V ) return path, it develops a voltage across the parasitic inductance of the bond wire
and the package pin. The phenomenon is called simultaneous switching noise. Figure 14 shows the equivalent circuit of a
typical CMOS output buffer stage with the package parasitics and the external 1oad. The parasitic components that affect the
ground bounce are inductance and resistance of the ground bond wire and pin, inductance and resistance of the output bond
wireand pin, and load impedance. For thefirst-order analysis, the parasitics associated with the V o terminal can beignored.
Also, the external ground planeis assumed to be ideal.
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Figure 14. Output Buffer With External Parasitics

During the output high-to-low transition, the sum of the output load current and all switching current through theinternal gates
of thedeviceflowsthrough theground lead. Therate of change of thiscurrent (di/dt) devel opsavoltage drop acrosstheground
lead inductanceand causesapositiveground bounce or an overshoot inan otherwise quiet ground. Thispositive ground bounce
isnormally followed by an undershoot coincident with the voltage waveform on the output terminal. The amplitudes of both
thepositive and the negative ground bounce areafunction of L4« di/dt and of the number of outputs switching simultaneously
(SS noise). The ground-bounce phenomenon can be clearly observed at an unswitched low output of a device by switching
several other outputs simultaneously from logic high to low. Figure 15 shows the typical output voltage transition and the
corresponding ground bounce, as observed at the unswitched low output. Positive ground bounceis primarily the result of the
rate of change of current (di/dt) through the ground lead inductance. The rate is determined by the rate at which the
gate-to-sourcevoltage (V yg) of thesink transistor changes. During the early part of thefall time, theground voltageriseswhile
the output voltage falls, forcing the sink transistor into the linear region. The transistor then behaveslike aresistor Ry, (the
on-stateresistanceof thetransistor inthelinear region). For theremainder of the output voltageexcursion, theequivalent circuit
at theoutput can betreated likearesonant L-C-R circuit formed by theground and the output | ead inductance, | oad capacitance,
and the total resistancein theloop, which includes Rqp. The oscillation frequency is determined by the net valuesof L and C,
while damping is determined by L and the total resistance in the loop. Ground bounce aso is generated during the output
low-to-high transition. However, the magnitude of this ground bounce is much smaller because of the absence of 1oad current
in the ground lead.

Ground andV ¢ bounce cannot be eliminated, but they can be minimized by controlling edgerates and reducing output swing.
Ground bounce depends on many factors, with device speed being one of the moreimportant influences. Asdevice speed goes
up, the rate of change of current in the parasitic inductances increases and the related switching noise goes up. Due to this
correlation between speed and ground bounce, high-speed logic families arouse increased concern over noise due to
simultaneous switching of outputs.
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Ground-Bounce Measurement

There isno industry standard for measuring ground bounce. However, the method most commonly used by |1C vendors and
customersisbased on observing the disturbance of alogic-low level on anunswitched output of amultiple-output devicewhile
switching all other outputsfrom ahighto alow state. Figure 16 showsthe schematic for measuring ground bounce on adevice
such as the AHC244 octal buffer. One output isin the low state while the outputs are switched simultaneously. The load on
each output consists of a 50-pF capacitor. Two outputs are connected to the oscill oscope: one for observing the high-to-low
transition of a switched output and the other for observing the ground bounce on the quiet output.

Vece
450 Q
AYA%Y
; 1 -
Pulse GEN Inputs 50 pF Oscilloscope
PRR =1 MHz /vl\
DUT
Vce
J) 450 Q
~0 A
j A amv,
C[) 50 pF.
x Load Capacitors Are Placed
GND as Close to the DUT as Possible

Figure 16. Ground-Bounce Test Circuit

With careful layout, proper bypassing tofilter out high-frequency noise, and good oscilloscope probes, itispossibleto observe
the ground bounce on the internal ground of the chip by observing the voltage at the unswitched low output, whose sink
transistor operatesin the linear region and provides a Kelvin connection to the chip ground.
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Onetechnique to reduce the impact of simultaneous switching on adeviceisto increase the number of power and GND pins.
The strategy is to disperse them throughout the chip (see the Advanced Packaging section of this application report). For a
completediscussion of simultaneous switching, refer to T1’'s S multaneous Switching Eval uation and Testing, in the Advanced
CMOS Logic Designer’s Handbook, literature number SCAA001B.

AHC Versus HC

A speed-versus-current-drive comparison between the AHC and HC familiesis shown in Figure 17. The speed for the AHC
is much higher than the HC. Both these products support low-drive applications.
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Figure 17. AHC/AHCT and HC Family Positioning
Table 6 shows the features of HC and AHC families. AHC provides much higher speeds with no noise penalty.

Table 6. AHC and HC Features (Typical Values)

PRODUCT FAMILY AHC HC
Technology CMOS CMOS
5-V tolerantt Yes (inputs) No
Octals and gates Yes Yes
Widebus[ (16-bit products) Yes No
Bus hold Yes No
Damping resistors No No
lcc [ 245 40 pA 80 pA
DC output drive -8 mA/8 mA -8 mA/8 mA
thd ‘245 5ns 18 ns
Ci '245 2.5pF 3pF
Cio '245 8 pF 10 pF

T When operated at 3.3V
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Advanced Packaging

Figure 18 shows a comparison of packages in which AHC devices are available; for ease of analysis, 14-pin packages and
20-pin packages areincluded. Figure 19 isnot an al-inclusivelist of pin countsand corresponding packages, e.g., the TSSOP
package is available in both 14-pin and 20-pin format. The TV SOP package, which has alead pitch of 0.4 mm (16 mil) and
adevice height of 1.2 mm, is aso available in the AHC family. Continued advancements in packaging are making more
functionality possible with smaller space requirements.

NO0O000000000

[

{0 )

14-Pin SOIC
Area =51 mm2

20-Pin SSOP
Area =56 mm2

20-Pin TSSOP
Area =42 mmZ2

—/

14-Pin SSOP
Area =48 mmZ2

[

14-Pin TSSOP
Area =32 mm2

14-Pin TVSOP
Area =23 mm2

14-Pin SOIC

ATk

Height =1.75mm
Volume = 89.25 mm3
Lead pitch =1.27 mm

20-Pin SSOP

A—HR

Height =2 mm
Volume = 112 mm3
Lead pitch =0.635 mm

20-Pin TSSOP

AR

Height =1.2 mm
Volume = 50.4 mm3
Lead pitch =0.65 mm

14-Pin SSOP

ATk

Height =2 mm
Volume = 96 mm3
Lead pitch = 0.65 mm

14-Pin TSSOP
A

Height =1.2 mm
Volume = 38.4 mm3
Lead pitch = 0.65 mm

14-Pin TVSSOP
Ak

Height =1.2 mm
Volume = 27.6 mm3
Lead pitch =0.4 mm

Figure 18. AHC Packages

Figure 19 shows a typical pinout structure for the 20-pin SSOP for the SN74AHC245. This provides for simultaneous
switching improvements (see the Signal Integrity section of this application report).

17



DIR[] 2 Y 11[] Vee
AL[] 2 12[] OE
A2[]3 13]] B1
A3[] 4 14]] B2
A4l]ls 15]] B3
A5[]6 16]] B4
A6[] 7 17]] B5
A7[] 8 18] B6
Ag[] 9 19] B7

GND[J10  20[] B8

Figure 19. SN74AHC245 Pinout

For acomprehensive listing and explanation of TI’s packaging options, consult the Semiconductor Group Package Outlines
Reference Guide, literature number SSY U001C.

Microgate Logic

The Microgate Logic device is a single gate that is used instead of the two-, four-, or six-gate versions. The advantages of
Microgate Logic are:

e Simplified circuit routing

* Helpin ASIC modification

¢ 3.5-nstypica propagation delay

Microgate Logicisavailablein CMOS (AHC) and TTL (AHCT) versions. The AHC versions are compatible with Toshiba's
TC7SHxx series. Figure 20 shows the pinout of the SN74AHC1G00.

)

All1 SJVCC
B[]2
GND [] 3 afl Y

Figure 20. 5-Pin Microgate Logic Pinout
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