Phllips Semiconductors

Product specification

BiCMOS versatile PAL device

ABT22V10A/B

DESCRIPTION

The ABT22V10 is a versatile PAL! device fabricated with the Philips
BiCMOS process known as QUBIC. The QUBIC process produces a
very high speed device (10ns worst case) which has excellent noise
immunity. The ground bounce, with 9 outputs switching and the

10th held low is, typically, less than 0.8V.

The ABT22V10 uses the familiar AND/OR logic array structure,
which allows direct implementation of sum-of-product equations.
This device has a programmable AND array which drives a fixed OR
array. The AND array is programmed to create custom product
terms while the fixed OR array sums selected terms at the output.

The OR sum of the products feeds the “QOutput Macro Cell" (OMC)

APPLICATIONS
¢ DMA control

® State machine implementation

® High speed graphics processing

® Counters/shift registers

® SSI/MSI random logic replacement
® High speed memory decoder

which can be individually configured as a dedicated input, a PIN LABEL DESCRIPTIONS
combinatorial output, or a registered output with internal feedback. 1= Dedicated input
In other words, the architecture provides maximum design flexibility
by allowing the Output Macro Cell to be configured by the user. NC Not Connected
The ABT22V10 i designed so the oulputs can never display a FO-Fo Magro Cell Input/Output
metastable state due to set up and hold time violations. If set up CLK/I0 Clock input/Dedicated Input
and hold times are violated, the outputs will not glitch or display a y P v
metastable state (the propagation delays may, however, be GG upply Voltage
extended). GND Ground
This device is pin and JEDEC file compatible with industry standard
22V10 and can be used in all standard applications where speed is
to be maximized.
Order codes can be found in the Ordering Information table. PIN CONFIGURATIONS
FEATURES
® Uitra fast 8.5ns tpp and 7.5ns ico (for ABT22V10B) oo M ~ [ voo
® Pin and JEDEC file compatible to industry standard 22V10 n 2] 23] Fo
® 10 input/output macro cells for architectural flexibility e [3] 2] Fo
. " 13 [4] 21] 7
® Metastable immune flip-flops o [ ) Fo
® |ow ground bounce (<0.8V typical) s [5] 9] Fs
® Varied product term distribution with up to 16 product terms per 6 [7] 78] F4
output for complex functions 7 3] 7] F3
¢ Programmable output polarity 18 [3] 76 F2
® Power-up reset on all registers o [19 78] F1
® Synchronous Preset/Asynchronous Reset o [T 14 Fo
. GND E 3k}
® Programmable on standard PAL-type device programmers Iﬂ—
® Design support provided using SNAP software development Coramic DIP (300mil-wide)
package and other CAD tools for PLDs 5/00074
ORDERING INFORMATION
DESCRIPTION ORDER CODE SMD NUMBER trp DRI AOR"
24-Pin Geramic DIP 300 mil-wide ABT22V10A/BLA 5962-91760 10ns GDIP3-T24
24-Pin Ceramic DIP 300 mil-wide ABT22V10B/BLA 5962-91760 8.5ns GDIP3-T24
* MIL-STD 1835 or Appendix A of 1995 Military Data Handbook
B 711082t 0100155 7?67 WA
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LOGIC DIAGRAM
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Figure 1. Functional Dlagram
FUNCTIONAL DESCRIPTION anomaly under any circumstances, including set up and hold time

The ABT22V10 allows the systems engineer to implement the
design on-chip, by opening fuse links to configure AND and OR
gates within the device, according to the desired logic function.

Product terms with all fuses opened assume the logical HIGH state;
product terms connected o both True and Complement of any
single input assume the logical LOW state.

The ABT22V10 has 12 inputs and 10 1/0 Macro Cells (Figure 1).
The Macro Cell allows one of four potential output configurations,
registered output or combinatorial I/Q, Active-HIGH or Active-LOW
{see Figure 7). The configuration choice is made according to the
user’s design specification and corresponding programming of the
configuration bits Sg ~ $4. Multiplexer controls are connected to
ground (0) through a programmable fuse link, selecting the “0” path
through the multiplexer. Programming the fuse disconnects the
control line from GND and it floats to Vg (1), selecting the “1” path.

The device is produced with a fuse link at each input to the AND
gate array, and connections may be selectively removed by applying
appropriate voltages to the circuit. Utilizing an easily-implemented
programming algorithm, these products can be rapidly programmed
to any customized pattern. Information on approved programmers
can be found in the Programmer Reference Guide. Exira test fuses
are pre-programmed during manufacturing to ensure exiremely high
field programming yields, and provide exira test paths to achieve
excelient parametric correlation.

Metastable Immune Characteristics

Philips Semiconductors uses the term ‘metastable immune’ to
describe the output characteristics of registered logic devices. This
term means that the outputs will not glitch or display an output

1996 Feb 19
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violations. This claim is easily verified by following 74F5074
Synchronizing Dual flip-fiop example. The ABT22V10 device has
been designed using the same metastable immune flip-flop.

Signal .
Generator J| D Q] Trigger
Dighat
. scope
Signal - |
Generator P cP G Input

SJ00015

Figure 2. Test Set-up

By running two independent signal generators (see Figure 2) at
nearly the same frequency (in this case 10MHz clock and 10.02MHz
data) the device-under-test can be often be driven into a metastable
state. If the Q output is then used to trigger a digital scope set to
infinite persistence, the Q output will build a waveform. An
experiment was run by continuously operating the devices in the
region where metastability will occur.

When the device-under-test is an 74F74 (which was not designed
with metastable immune characteristics) the waveform will appear
as in Figure [3].

Figure 3 shows clearly that the Q output can vary in time with
respect to the Q trigger point. This also implies that the Q or Q
output waveshapes may be distorted. This can be verified on an
analog scope with a charge plate CRT. Perhaps of even greater
interest are the dots running along the 3.5V volt line in the upper
right hand quadrant. These show that the Q output did not change
state even though the Q output glitched to at least 1.5 voits, the
trigger point of the scope.




Philips Semiconductors Product specification

BiCMOS versatile PAL device ABT22V10A/B

COMPARISON OF METASTABLE IMMUNE AND NON-IMMUNE CHARACTERISTICS

2 H———+

+

Time base = 2.00ns/div  Trigger level = 1.5 Volts  Trigger slope = positive

SA00006

Figure 3. 74F74 G output triggered by Q output, Setup and Hold times violated

Time base = 2.00ns/div  Trigger level = 1.5 Volts  Trigger slope = positive

SA00007

Figure 4. 74F5074 Q output triggered by Q output, Setup and Hold times violated

When the device-under-test is a metastable immune part, such as course, a function of the metastability characteristics of the part
the 74F5074, the waveform will appear as in Figure 4. The 74F5074 defined by Tand To,

output will not vary with respect to the Q trigger point even when the
a part is driven into a metastable state. Any tendency towards
internal metastability is resolved by Philips Semiconductors

The metastability characteristics of the ABT22V10A/B and related
part types represent state-of-the-art BICMOS technology.

patented circuitry. If a metastable event occurs within the flop the After determining the T and 1 of the flop, calculating the mean time
only outward manifestation of the event will be an increased between failures (MTBF) is simple. Suppose a designer wanis to
clock-t0-QAQ propagation delay. This propagation delay is, of use the 74F5074 for synchronizing asynchronous data that is

1996 Feb 19
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arriving at 10MHz (as measured by a frequency counter), has a
clock frequency of 50MHz, and has decided that he would like to
sample the output of the 74F5074 10ns after the clock edge. He
simply plugs his number into the equation below:

MTBF = e/ Tyfch

In this formula, fg is the frequency of the clock, f; is the average
input event frequency, and t’ is the time after the clock pulse that the

MEAN TIME BETWEEN FAILURES (MTBF) VERSUS t’

output is sampled (t’' < b, h being the normal propagation delay). In
this situation the f; will be twice the data frequency of (20 MHz)
because input events consist of both of low and high transitions.
Multiplying {, by fc gives an answer of 1075 Hz2. From Figure 5itis
clear that the MTBF for the 74F5074 device is greater than 1010
seconds. Using the above formula the actual MTBF is 1.51 X 1010
seconds or about 480 years. The MTBF for the ABT22V10A/B,
under the same condition is 5.6 trillion years.

MTBF in seconds

NOTE: VGG = V. Tamp =25°C
F¢ = clock frequency
Fi =input event frequency

108 108 1010 1012 4914 108

» ' /Y]]
o asvs
o [ L)/
o [ ] 1]
I [/ 1] ]
NNy
AT

[ L[]/

t' in nancseconds

7 8 9

MTBF = exp(t'A)/{to*Fc*Fi)

SJ00016
Figure 5. MTBF versus t’ for ABT22V10-7 at < = 83ps and To = 2.2 x 1017 sec
TYPICAL VALUES FOR < AND T, AT VARIOUS V¢S AND TEMPERATURES
Tamp = 0°C Tamb = 25°C Tamb = 70°C

Vce T To T To T To

525V 83ps 8.1 X108 sec 82ps 75X 10" sec 101ps 3.0 X 1012 sec

5.0V 80ps 4.0X 108 sec 83ps 2.2 X107 sec 98ps 4.4X 10" sec

475V 85ps 3.4 X 104 sec 91ps 25X 10" sec 106ps 1.1 X 108 sec
1996 Feb 19 6
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OUTPUT MACRO CELL
—D
Sy So OUTPUT CONFIGURATION
t vo 0 0 Regisierac/Active-LOW
AR I'D°—‘ L 0 1 Registerecd/Active-HIGH
. D @ ¢ 0 1 0 Combinatorial/Active-LOW
ck—b s 0 1 1 1 Combinatorial/Active-LOW
1 [ = Unprogrammad fuse
SP St ___ll 1 = Programmed fuse
Sp =
——
1
|
S400017
Figure 6. Output Macro Cell Logic Diagram
S0 Sg=0
S4=0 Sq=1
0 . —F]
a. Registered/Active-LOW ¢. Combinatorial/Active-LOW
Sp=1 Sg=1
—_] $1=0 Sq=1
AR
]
. D Q .
CLK— A
T
— ——
b. Registered/Active-HIGH d. Combinatorial/Active-HIGH
8400018

Figure 7. Output Macro Celi Configurations

Registered Output Configuration

Each Macro Cell of the ABT22V10 includes a D-type flip-flop for
data storage and synchronization. The flip-flop is loaded on the
LOW-to-HIGH transition of the clock input. In the registered
configuration (S = 0), the aray feedback is from Q of the flip-flop.

Combinatorial I/0 Configuration
Any Macro Gell can be configured as combinatorial by selecting the

1996 Feb 19
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multiplexer path that bypasses the flip-flop (S¢ = 1). In the
combinatorial configuration, the feedback is from the pin.

Variable Input/Output Pin Ratio

The ABT22V10 has twelve dedicated input lines, and each Macro
Cell output can be an /O pin. Buffers for device inputs have
complementary outputs to provide user-programmable input signal
polarity. Unused input pins should be tied to Vg or GND.
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ABSOLUTE MAXIMUM RATINGS? THERMAL RATINGS
RATINGS TEMPERATURE
NIT
SYMBOL PARAMETER MIN MAX v Maximum junction 175°C

Veo Supply voltage -05 +7.0 Voo Maximum ambient 125°C

Vin Input voltage -12 | Vgc+05 | Vpe

V Output voltage -05 | Vec+05 | V

ouT put votas ge Do OPERATING RANGES
N Input currents -30 +30 mA
RATINGS
louT Output currents +100 mA SYMBOL PARAMETER UNIT
MIN MAX
Storage temperature

Tetg range -65 +150 °C Voo Supply voltage +4.75 | +5.25 Vpbe
NOTE: T Operating free-air _55 125 c
1. Stresses above those listed may cause malfunction or permanent amb temperature +

damage to the device. This is a stress rating only. Functional

operation at these or any other condition above those indicated in

the operational and programming specification of the device is not

implied.
DC ELECTRICAL CHARACTERISTICS

SYMBOL PA ETER TA = -55°C to 125° C unless otherwise noted LIMITS UNIT

RAM TEST CONDITIONS! MIN | max

Input voliage

ViL Low Voo = MIN 0.8 A

ViH High Voo = MAX 2.0 \Y

Vi Clamp Voo = MIN, iy = -18mA -1.2 \"

Output voltage

Vee =MIN, Viy = Vigor Vi

Vo Low lop =30mA 05 Vv

VoH High loy = -16mA 24 \Y

Input current

Voo = MAX

e = -

(exceptPin1) | LoV VN =0.40V 25 LA
I (Pin 1) Low Vin = 0.40V ~50 LA
hH High VN =27V 25 pA
Iy Maximum input current Vin=5.5V 30 uA
Qutput current

Vee = MAX
lozH Output leakage® ViN=ViLor Vin, VouT =27V 100 A
lozL Output leakage® Vin = ViL or Viy, VouT = 0.4V -100 nA
Isc Short circuit2 Vout = 0.5V -30 -200 mA
lec Ve supply current Vgo = MAX 190 mA
NOTES:

1.These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2.No more than one output should be tested at a time. Duration of the shont-circuit test should not exceed one second. Voyy = 0.5V has been
chosen to avoid test problems caused by tester ground degradation.

3.1/O pin leakage is the worst case of lozy or lix (where X =H or L).

1996 Feb 19
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AC ELECTRICAL CHARACTERISTICS
TA =-55°Ct0125°C
SYMBOL PARAMETER TEST CONDITIONS ik
22V10/A 22v10/B
MAX MAX UNIT
trD Input or feedback to non-registered output? Zctive LOW 0 8> ns
Active-HIGH 10 85
ts Setup time from input, feedback or SP to Clock 8.0 min. 6.5 min. ns
tH Hold time® 0 0 ns
tco Clock to output 10 75 ns
tcr Clock 1o feedback® 3.0 3.0 ns
tar Asynchronous Reset to registered output® 125 125 ns
tARw Asynchronous Reset width® 7.5 min 7.5 min. ns
tARR Asynchronous Reset recovery time® 6.0 min. 6.0 min. ns
tspR Synchronous Preset recovery time® 6.0 min. 6.0 min. ns
twi Width of Clock LOWS 4.0 min. 4.0 min, ns
twH Width of Clock HIGH® 4.0 min. 4.0 min. ns
Maximum frequency;
famAx External feedback 1/(tg + tco) 55 min. 71 min. MHz
Maximum frequency;
Internal feedback 1/(ts + tcp)* 90 min. 105 min. MHz
e input to Qutput EnableS: € 90 9.0 ns
R Input to Output Disable5: & 9.0 9.0 ns
Capacltance®
Cin Input Capacitance (Pin 1) (Typical) ViN = 2.0V Voo =50V 6 6 pF
Input Capacitance (Others) (Typical) VN = 2.0V Tamb = 25°C pF
Cout Output Capacitance Vour = 2.0V f=1MHz 8 pF
NOTES:

1.Test Conditions: Ry = 3002, Ry = 390Q (see Test Load Circuit).
2.tpp is tested with switch S closed and Cy = 50pF (including jig capacitance). Viy = 3V, VL =0V, V1 = 1.5V.

3.Calculated from measured fy ax internal.

4.These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where frequency may
be affected.

5.For 3-State oulput; output enable times are tested with C| = 50pF to the 1.5V level, and S; is open for high-impedance 1o High tests and closed
for high-impedance to Low tests. Output disable times are tested with C|__ SpF. High-to-High impedance tests are made to an output voltage of
V1 = (Vou - 0.5V) with S1 open, and Low-to-High impedance tests are made to the V1 = (Vo + 0.5V) level with Sy closed.

6.These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where capacitance may

be affected.
Veo @ T +5V S1
1 ] T
Cy Cz2 <& Ry
T b Fo | 10%
- [ I Red =G R
| Ly
I puT l 2.5ns 2.5ns
INPUTS
oL Fof Lo MEASUREMENTS:
it Ali circuit delays are measured at the +1.5V level of
o | oK oD OF &——0 - inputs and outputs, uniess ctherwise specified.
NOTE:
CiandCaare to -J_-
bypass Vgc to GND. - SJ00018 SJ00020
Test Load Circult Input Pulses
1996 Feb 19
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SWITCHING WAVEFORMS
V=15V
Input pulse amplitude 0V to 3.0V
Input rise and fall times 2.5ns max.
INPUT OR
FEEDBACK VT
INPUT OR
FEEDBACK vT 1§ 1
PD CLOCK VT
COMBINATORIAL v
OQUTPUT T v
REGISTERED
OUTPUT VT
$J00021 8400022
Combinatorial Output Reglstered Output
| o | CLK
#tgp—= | | eem——————— —_—
r 1— -
| Vv |
cLocK vy I [
| woeic |.'=,] recisTER |
| !
Clock to Feedback (fmax Internal) | GF I
{See Path at Right) L I
INPUT VT
WH
tE EA
CLOCK VT
‘YQ VoH ~ 0.5V
OUTPUT > OH /4 v
WL ‘ Z b VoL +0.5v \\
5400023 5400024
Clock Width Input to Output Disable/Enable
1,
AR INPUT ASSERTING
INPUT ASSERTING SYNCHRONOUS VT
ASYNCHRONOUS VT PRESET
RESET
AR
REGISTERED CLOCK
OUTPUT V1
tARR
REGISTERED v
CLOCK vr OUTPUT T
$J00025 SJ00026
Asynchronous Reset Synchronous Preset
1996 Feb 19 10
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Programmable 3-State Outputs

Each output has a 3-State output huffer with 3-State control. A
product term controls the buffer, allowing enable and disable tobe a
function of any product of device inputs or output feedback. The
combinatorial output provides a bidirectional /O pin, and may be
configured as a dedicated input if the buffer is always disabled.

Programmable Output Polarity

The polarity of each macro cell output can be Active-HIGH or
Active-LOW, either to match output signal needs or to reduce
product terms. Programmable polarity allows Boolean expressions
to be wrilten in their most compact form (frue or inverted), and the
output can still be of the desired polarity. It can also save
“deMorganizing” efforts.

Selection is controlled by programmable bit Sg in the Output Macro
Cell, and affects both registered and combinatorial outputs.
Selection is automatic, based on the design specification and pin
definitions. If the pin definition and ocutput equation have the same
polarity, the output is programmed to be Active-HIGH (Sg = 1).

Preset/Reset

For initialization, the ABT22V10 has additional Preset and Reset
product terms. These terms are connected to all registered outputs.
When the Synchronous Preset (SP) product term is asserted high,
the output registers will be loaded with a HIGH on the next
LOW-to-HIGH clock transition. When the Asynchronous Reset (AR)
product term is asserted high, the output registers will be
immediately loaded with a LOW, independent of the clock.

Note that Preset and Reset control the flip-flop, not the output pin.
The output level is determined by the output polarity selected.

Metastable Immune Flip-Flops

The D-type flip-flops have been designed such that the outputs will
not glitch or display an output anomaly if the input set up or hold
times are violated. Based on a T of < 90 ps, and sampling the
output 8ns after the clock edge, the typical MTBF is 170.3 years. If
the sample is taken 10ns after the clock the MTBF is 5.6 trillion
years.

Power-Up Reset

All flip-flops power-up to a logic LOW for predictable system
initialization. Qutputs of the ABT22V10 will depend on the
programmed output polarity. The Vg rise must be monotonic and
the reset delay time is 1-10us maximum.

Security Fuse

After programming and verification, a ABT22V10 design can be
secured by programming the security fuse link. Once programmed,
this fuse defeats readback of the internal programmed pattern by a
device programmer, securing proprietary designs from competitors.
When the security fuse is programmed, the array will read as if
every fuse is programmed.

Quality and Testability
The ABT22V10 offers a very high level of built-in quality. Extra
programmable fuses provide a means of verifying performance of all

ABEL Is a trademark of Data /O Corp.
CUPL is atrademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.
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AC and DC parameters. In addition, this verifies programmability
and functionality of the device to provide the highest programming
and post-programming functional yields.

Low Ground Bounce

The Philips Semiconductors BICMOS QUBIC process produces
exceptional noise immunity. The typical ground bounce, with 9
outputs simultaneously switching and the 10th output held low, is
less than 0.8V.

Technology

The BiCMOS ABT22V10 is fabricated with the Philips
Semiconductors process known as QUBIC. QUBIC combings an
advanced, state-of-the-art 1.0um (drawn feature size) CMOS
process with an ultra fast bipolar process to achieve superior speed
and drive capabilities. QUBIC incorporates three layers of AVCu
interconnects for reduced chip size, and our proven Ti-W fuse
technology ensures highest programming yields.

Programming

The ABT22V10 is fully supported by industry standard (JEDEC
compatible) PLD CAD tools, including Philips Semiconductors
SNAP design software package. ABEL™ CUPL™ and PALASM®
90 design software packages also support the ABT22V10
architecture.

All packages allow Boolean and state equation entry formats. SNAP,
ABEL and CUPL also accept, as input, schematic capture format.

PROGRAMMING/SOFTWARE SUPPORT
Refer to Section 9 (Development Software) and Section 10 (Support
Material) of this data handbook for additional information.

OUTPUT REGISTER PRELOAD

The register on the ABT22V10 can be preloaded from the output
pins to facilitate functional testing of complex state machine designs.
This feature allows direct loading of arbitrary states, making it
unnecessary to cycle through long test vector sequences to reach a
desired state. In addition, transitions from illegal states can be
verified by loading illegal states and observing proper recovery. The
procedure for preloading follows:

1. Raise Vi 10 5.0V £0.25V.

2. Set Pin 2 or 3 to V4 to disable outputs and enable preload.

3. Apply the desired value (Vi p/Viup) to all registered output pins.
Leave combinatorial output pins floating.

Clock Pin 1 from V) p to Vigp.
Remove Vi p/Viyp from all registered output pins.

Lower Pin2or3to V) p.

N o p

Enable the output registers according to the programmed
pattern.

8. Verify VoL/VoH at all registered output pins. Note that the output
pin signal will depend on the output polarity.
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“AND” ARRAY - (I, B)
— 1B — 1B — 1B — 1B
¢ oo oo o o—P§
— 18 — 18 — 1.8 —— 18
[‘JP, D P.D P.D HJP. D
STATE CODE STATE CODE STATE CODE STATE CODE
iNaCTIVE o TAUE H COMPLEMENT L DON'T CARE —
SPO0008
NOTE:
1.This is the initial state.
SYMBOL PARAMETER LIAITS UNIT
MIN REC MAX
VHH Super-level input voltage 9.5 9.5 10 \
ViLp Low-level input voltage 0 0 08 \Y
Vinp High-level input voltage 24 50 55 \Y
to Delay time 100 200 1000 ns
tyo 1/O valid atter Pin 2 or 3 drops from Vi to Ve 100 ns
______ VHH
PINS2,3 \
\— ViLp
o
la— 1p la— 1p
- xmp
REQISTERED o VoH
OnruTs > DATA IN DATAOUT 7
11T Vr
o ks
—————————————— ViHp
CLOCK
1o _.\ ViLp
Output Register Preload Waveform PO
vee
POWER 4v
[ PR
REGISTERED // /
ACTIVE-LOW
OUTPUT /|
- 1y
Wi
Power-Up Reset Waveform SP000SE
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LIMITS
SYMBOL PARAMETER Wi MAX UNIT
ter Power-up Reset Time 1 us
1s Input or Feedback Setup Time . .
See AC Electrical Characterist

twl Clock Width LOW i ensiies
POWER-UP RESET steady state, two conditions are required to ensure a valid power-up
The power-up reset feature ensures that all flip-flops will be reset to reset. These conditions are: )
LOW after the device has been powered up. The output state will 1. The Vg rise must be monotonic.
depend on the programmed pattern. This feature is valuable in 2. Following reset, the clock input must not be driven from LOW to
simplifying state machine inifialization. A timing diagram and HIGH until all applicable input and feedback setup times are met.

parameter table are shown below. Due to the synchronous operation
of the power-up reset and the wide range of ways Vg canrise toits

1996 Feb 19 13
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PROGRAM TABLE

CONTROL WORD POLARITY
I S N N N Y A N N NN T O Y N

AND

F(l) F{O)

rdb g g g drdiggdiel B
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Philips Semiconductors . Product specification

BiCMOS versatile PAL device ABT22V10A/B

PROGRAM TABLE (Continued)
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Philips Semiconductors Product specification

BiCMOS versatile PAL device ABT22V10A/B

SNAP RESOURCE SUMMARY DESIGNATIONS
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