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ADY MICRO PLA/PLE/ARRAYS T= 46-19-871
FINAL COM'L: -10/12/15/20, Q-15/20  MIL: -20
MACH210A-10 a
MACH210-12/15/20 Advanced
MACH210AQ-15/20 Devices

High-Density EE CMOS Programmable Logic

DISTINCTIVE CHARACTERISTICS
| 44 Pins

® 64 Macrocelis

B 10 ns teo Commercial
" 20 ns tep Military

B 80 MHz fuax Commercial
40 MHz fmax Military

B 38 Inputs; 210A Inputs have bullt-in pull-up
resistors

32 Qutputs

64 Flip-flops; 2 ciock choices

4 “PAL22V16” blocks with buried macrocells
Pin-compatible with MACH110, MACH215

GENERAL DESCRIPTION

The MACH210 is a member of AMD’s high-performance
EE CMOS MACH 2 device family. This device has ap-
proximately six times the logic macrocell capability of
the popular PAL22V10 with no loss of speed.

The MACH210 consists of four PAL blocks intercon-
nected by a programmable switch matrix. The four PAL
blocks are essentially “PAL22V16” structures complete
with product-term arrays and programmable macro-
cells, including additional buried macrocells. The switch
matrix connects the PAL blocks to each other and to all
input pins, providing a high degree of connectivity
between the fully-connected PAL blocks. This allows
designs to be placed and routed efficiently.

The MACH210 has two kinds of macrocell: output and
buried. The MACH210 output macrocell provides regis-

tered, latched, or combinatorial outputs with program-
mable polarity. If a registered configuration is chosen,
the register can be configured as D-type or T-type to
help reduce the number of product terms. The register
type decision can be made by the designer or by the
software. All output macrocells can be connected to an
11O cell. i a buried macrocell is desired, the internal
feedback path from the macrocell can be used, which
frees up the I/O pin for use as an input.

The MACH210 has dedicated buried macrocelis which,
in addition to the capabilities of the output macrocell,
also provide input registers or latches for use in synchro-
nizing signals and reducing setup time requirements.
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ADV MICRO PLA/PLE/ARRAYS _LMD__E

CONNECTION DIAGRAM
Top View
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Note:
Pin-compatible with MACH110, MACH215.

PIN DESIGNATIONS
CLK/lI = Clock or Input
GND = Ground

| = Input

/O = Input/Cutput
Vcc = Supply Voltage

MACH210-10/12/15/20, Q-15/20 57
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ORDERING INFORMATION
Commercial Products

ADV MICRO PLA/PLE/ARRAYS —

AMD programmable logic products for commercial applications are avallable with several ordering options. The order number
(Valid Combination) is formed by a combination of:

MACH z0A0 4 €

FAMILY TYPE -I-— OPTIONAL PROCESSING
MACH = Macro Array CMOS High-Speed Blank = Standard Processing
DEVICE NUMBER
210 = 64 Macrocells, 44 Pins
210A = 64 Macrocells, 44 Pins, Input Pull-Up Resistors OPERATING CONDITIONS |
210AQ = 64 Macrocells, 44 Pins, Input Pull-Up Resistors, C = Commercial (0°C to +75°C)
Quarter Power
SPEED PACKAGE TYPE
10 = 10nst J = 44-Pin Plastic Leaded Chip
42 = 12 :: tgg Carrier (PL 044)
-15 = 15nstPD
20 = 20 nstPD
. Valid Combinations Valid Combinations
The Valid Combinations table lists configurations
MACH210A-10 plannedto be supported in volume for this device. Con-
*MACH210A-12 sult the local AMD sales office to confirm availability of
MACH210-12 specific valid. wmbinations ar to check on newly re-
MACH210-15 Jc leased combinations.
MACH210AQ-15
MACH210-20
MACH210AQ-20

*The MACHZ210A-12 has the same Switching Characteristics
of the MACH210-12 and the same DC Characleristics of the
MACH210A-10.

58 MACH210-10/12/15/20, Q-15/20 (Com’l)
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— ADV MICRO PLA/PLE/ARRAYS amp &1
ORDERING INFORMATION
APL Products
AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL
prproved Product Lis?? products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) is
lormed by a combination of:
MACH 210 20 /B X A
FAMILY TYPE L LEAD FINISH
MACH = Macro Array CMOS High-Speed A = Hot Solder Dip
DEVICE NUMBER PACKAGE TYPE
210 = 64 Macrocells, 44 Pins X = 44-Pin Metal-Lid Ceramic
Quad Flatpack
SPEED DEVICE CLASS
20 = 20 nstep ' /B = ClassB
Valid Combinations Valid Combinations
The Valid Combinations table lists configurations
MACH210-20/BXA plannedto be supported in volume for this device. Con-

sultthe local AMD sales office to confirm availability of
specific valid combinations or to check on newly re-
leased combinations.

MACH210-20 (Mil) 59
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FUNCTIONAL DESCRIPTION

The MACH210 consists of four PAL blocks connected
by a switch matrix. There are 32 /O pins and 4 dedi-
cated input pins feeding the switch matrix. These sig-
nals are distributed to the four PAL blocks for efficient
design implementation. There are two clock pins that
can also be used as dedicated inputs.

The MACH210A inputs and /O pins have built-in pull-up
resistors. While it is always a good design practice to tie
unused pins high, the 210A pull-up resistors provide
design security. and stability in the event that unused
pins are left disconnected.

The PAL Blocks

Each PAL biock in the MACH210 (figure 11) contains a
64-product-term logic array, a logic allocator, 8 output
macrocells, 8 buried macrocells, and 8 /O cells. The
switch matrix feeds each PAL block with 22 inputs. This
makes the PAL block look effectively like an independ-
ent “PAL22V16” with 8 buried macrocells.

In addition to the logic product terms, two output enable
product terms, an asynchronous reset product term,
and an asynchronous preset product term are provided.
One of the two output enable product terms can be cho-
sen within each 1O cell in the PAL block. All flip-flops
within the PAL block are initialized together.

The Switch Matrix

The MACH210 switch matrix is fed by the inputs and
feedback signals from the PAL blocks. Each PAL block
provides 16 internal feedback signals and 8 /O feed-
back signals. The switch matrix distributes these signals
back to the PAL blocks in an efficient manner that also
provides for high performance. The design software
automatically configures the switch matrix when fitting a
design into the device.

The Product-term Array

The MACH210 product-term array consists of 64 prod-
uct terms for logic use, and 4 special-purpose product
terms. Two of the special-purpose product terms pro-
vide programmable output enable; one provides asyn-
chronous reset, and one provides asynchronous preset.

The Logic Aliocator

The logic allocator in the MACH210 takes the 64 logic
product terms and allocates them to the 16 macrocells
as needed. Each macrocell can be driven by up to 16
product terms. The design software automatically con-
figures the logic allocator when fitting the designinto the
device.

Table 8 illustrates which productterm clusters are avail-
able to each macrocell within a PAL block. Refer to
Figure 11 for cluster and macrocell numbers.

The Macrocell

The MACH210 has two types of macrocell: output and
buried. The output macrocells can be configured as

ADV MICRO PLA/PLE/ARRAYS

Table 8. Logic Allocation

Macrocell Available
Output Buried Clusters
Mo Co, C1, C2
M Co, C1,C2,C3
M2 C1,C2, Cs, G4
M3 C2,C3, C4,Cs
M4 ‘ Cs, C4,Cs, Cs
Ms Cs,Cs, Cs, C7
Ms Cs, Ces, C7,Cs
Mz Cs, C7, Cs, Co
Ms C7, Cs, Cg, C10
Ms Cs, Cg, C1o, C11
M1o Cg, C10, C11, C12
M1 Cio, C11, C12, C1a
Mi2 Ci1, C12, C13, C14
Mia Ci2, C13, C14, C1s
Mis C13, C14, C15
Mis Ci4, C1s

either registered, latched, or combinatorial, with pro-
grammable polarity. The macrocell provides internal
feedback whether configured with or without the flip-
flop. The registers can be configured as D-type or
T-type, allowing for product-term optimization.

The flip-flops can individually select one of two clock/
gate pins, which are also available as data inputs. The
registers are clocked on the LOW-to-HIGH transition of
the clock signal. The latch holds its data when the gate
input is HIGH, and is transparent when the gate input is
LOW. The flip-flops can also be asynchronously initial-
ized with the common asynchronous reset and preset
product terms.

The buried macrocells are the same as the output mac-
rocells if they are used for generating logic. In that case,
the only thing that distinguishes them from the output
macrocells is the fact that there is no I/0 cell connection,
and the signalis only used internally. The buried macro-
cell can also be configured as an input register or latch.

The I/O Cell

The 11O cell in the MACH210 consists of a three-state
output buffer. The three-state buffer can be configured
in one of three ways: always enabled, always disabled,
or controlled by a product term. If product term controlis
chosen, one of two product terms may be used to pro-
vide the control. The two product terms that are avail-
able are common 1o all /O cells in a PAL block.

These choices make it possible to use the macrocell as
an output, an input, a bidirectional pin, or a three-state
output for use in driving a bus.

60 MACH210-10/12/15/20, Q-15/20
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Figure 11. MACH210 PAL Block
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

RespecttoGround ............. -05Vto+7.0V
DC Input Voltage . .......... —-05VtoVec+05V
DC Output or

YOPinVoltage ............ -05VtoVec+05V
Static Discharge Voltage . ................ 2001V
Latchup Current

(TA=0°Cto+75°C) .. ... 200 mA

Stresses above those listed under Absolute Maximum Ratings
may cause permanent device failure. Functionality at or above
these limits is not implied. Exposure to Absolute Maximum
Ratings for extended periods may affect device reliability. Pro-
gramming conditions may differ.

ADV MICRO PLA/PLE/ARRAYS

OPERATING RANGES
Commerclal (C) Devices
Temperature (Ta) Operating

iNFree Air. ........coooieiiani, 0°C to +75°C
Supply Voltage (Vcc) with
RespecttoGround .. .......... +4.75V10+5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
VoH Output HIGH Voltage loH = 3.2 mA, Vcc = Min 24 v
ViN = VIH or VIL
VoL Output LOW Voltage loL = 16 mA, Vcc = Min 0.5 v
VIN = ViH or ViL
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 A
Voltage for all Inputs (Note 1)
viL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v
Voltage for all Inputs (Note 1)
0 Input HIGH Leakage Current VIN = 5.25 V, Vce = Max (Note 2) 10 pA
L Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 nA
lozn Off-State Output Leakage VouT = 5.25 V, Vcc = Max 10 nA
Current HIGH VIN = ViH or VIL (Note 2) )
lozu Off-State Output Leakage Vout =0V, Vce = Max —100 pA
Current LOW ViN = VIH or ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max (Note 3) -30 -160 mA
lec Supply Current ViN = 0 V, Outputs Open (louT = 0 mA} 180 mA
Vee = Max, f = 0 MHz (Note 4)
Notes:

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

2. IO pin leakage is the worst case of I and loz. (or I and lozH). -
3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

4. This parameter is guaranteed worst case. An actual lcc value can be calculated by using the “Typical Dynamic lcc
Characteristics™ Chart towards the end of this data sheet.

62 MACH210A-10 (Com’l)
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ADV MICRO PLA/PLE/ARRAYS amp &1
CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance VIN=2.0V Vec=5.0V, Ta=25°C, 6 pF
Cout Output Capacitance Vour=20V | f=1MHz 8 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)
0

Parameter -1
Symbol Parameter Description Min Max Unit
tPD Input, 11O, or Feedback to Combinatorial Output (Note 3) 10 ns
ts Setup Time from Input, I/O or Feedback to Clock D-Type 6.5
T-Type 7.5 ns
tH Register Data Hold Time 0 ns
tco Clock to Output (Note 3) 6 ns
twi Clock Width LOW 5 ns
tWH HIGH 5 ns
External Feedback | 1/(ts + tco) il i Mz
Maximum T-Type 74 MHz
fhanx ::FGZ?: i’)‘CY Internal Feedback (fcnt) AL = o
T-Type 91 MHz
No Feedback [ 1itwe + twe) 100 MHz
tsL Setup Time from Input, IO, or Feedback to Gate 6.5 ns
HL Latch Data Hold Time 0 ns
16O Gate to Output (Note 3) 7 ns
towL Gate Width LOW 5 ns
trOL Input, 170, or Feedback to Output Through
Transparent Input or Qutput Latch 12 ns
tsin Input Register Setup Time 2 ns
tHIR Input Register Hold Time 2 ns
tico Input Register Clock to Combinatorial Output 13 ns
tics Input Register Clock to Output Register Setup D-Type 10 ns
T-Type 11 ns
twicL Input Register Clock Width LOW 5 ns
twICH ‘ HIGH 5 ns
fmaxir Maximum Input Register Frequency 1/twicL + twiCcH) 100 MHz
siL Input Latch Setup Time 2 ns
tHIL Input Latch Hold Time 2 ns
tGgo Input Latch Gate to Combinatorial Output 14 ns
ticoL Input Latch Gate to Output Through Transparent Output Latch 16 ns
tsLL Setup Time from Input, IO, or Feedback Through
Transparent Input Latch to Output Latch Gate 8.5 ns
tigs Input Latch Gate to Output Latch Setup 1 ns

MACH210A-10 (Com’)) 63
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& awo ADV MICRO PLA/PLE/ARRAYS
SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)
(continued)
Parameter | Parameter =10
Symbol Description Min Max Unit
tWIGL Input Latch Gate Width LOW 5 ns
tPDLL Input, /O, or Feedback to Output Through Transparent
Input and Output Latches 14 ns
tAR Asynchronous Reset to Registered or Latched Output 15 ns
tARW Asynchronous Reset Width (Note 4) 10 ns
tARR Asynchronous Reset Recovery Time (Note 4) 10 ns
tap Asynchronous Preset to Registered or Latched Output 15 ns
tAPwW Asynchronous Preset Width (Note 4) 10 : ns
tAPR Asynchronous Preset Recovery Time (Note 4) 10 ns
teA Input, /O, or Feedback to Output Enable (Note 3) 10 ns
{ER Input, 110, or Feedback to Output Disable (Note 3) 10 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. Parameters measured with 16 outputs switching.

4. Thessparameters are not 100% tested, but are evaluated atinitial characterization and atany time the design is modified where
frequency may be affected.

64 MACH210A-10 (Com’l)
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ADV MICRO PLA/PLE/ARRAYS amp &1
ABSOLUTE MAXIMUM RA1INGS OPERATING RANGES
Storage Temperature ........... -65°C to +150°C Commercial (C) Devices
wilh Power Appled ... SEECIOHIZC  inFrag Al .. 010 4T
Supply Voltage with .
Respect 1o Ground ... —05Vio+7.0V fa‘é‘s’ggc:'%"?;?ﬁlfr‘ﬁ A ATEVIO4E28Y
DC Input Voltage ... ........ -05VioVec+05V :
DC Output or Operating ranges define thase limits between which the func-
VOPinVoltage ............ -0.5VtoVec+05V tionality of the device is guaranteed.
Static Discharge Voltage .. ............... 2001V
Latchup Current (Ta = 0°C 10 +75°C) ...... 200 mA

Stresses above those listed under Absolute Maximum Ratings
may cause permanent device failure. Functionality at or above
these limits is not implied. Exposure to Absolute Maximum
Ratings for extended periods may affect device reliability.
Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
Vou Qutput HIGH Voltage low = 3.2 mA, Vee = Min 2.4 A
ViN = Vi or ViL
Vo Output LOW Voltage lo. = 16 mA, Vce = Min 0.5 \
ViN = Vinor ViL
Viu Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Valtage far all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 A
Voltage for all Inputs (Note 1)
hn input HIGH Leakage Current Vin = 5.25 V, Vec = Max (Note 2) 10 A
[ Input LOW Leakage Current Vin =0 V, Vcc = Max (Note 2) -10 HA
Off-State Output Leakage Vout = 5.25 V, Vec = Max
loz Current HIGH Vin = Viror Vi, (Note 2) 10 [ wA
Off-State Qutput Leakage Vour = 0V, Vec = Max
oz Current LOW Vin = Vinor Vi (Note 2) -10 KA
Isc Output Short-Circuit Current Vour = 0.5 V, Voc = Max (Note 3) =30 -160 mA
lec Supply Gurrent Vin= 0V, Outputs Open (lour = 0 mA) 180 mA
Vec = Max, f = 0 MHz (Note 4)
Notes:

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

2. WO pin leakage is the worst case of Ii and lozv (or I and lozw).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

4. This parameter is guaranteed worst case. An actual Icc value can be calculated by using the “Typical Dynamic icc
Characteristics” Chart towards the end of this data sheet.
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CAPACITANCE (Note 1) 1ICRO PLA/PLE/ARRAYS
Parameter
Symbol Parameter Description Test Conditions Typ Unit

Cin Input Capacitance Vn=2.0V Voc = 5.0V, Ta=25°C, 6 pF
Cour Output Capacitance Vour=2.0V | f=1MHz 8 ~ pF

Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter -12 15 -20
Symbol | Parameter Description Min | Max| Min| Max| Min| Max] Unit
teD input, 110, or Feedback to Combinatorial Qutput
(Note 3) . 12 15 20 ns
Setup Time from Input, 1/O, D-type 7 10 13 ns
ts or Feedback to Clock Type 8 1 14 ns
tH Register Data Hold Time 0 0 0 ns
tco Clock to Output {Note 3) 8 10 12 ns
twiL Clock LOW 6 6 8 ns
twH Width HIGH 6 6 8 ns
D-type | 66.7 50 40 MHz
Moo External Feedback | 1/(ts + tco) Taype | 625 76 385 Mz
fmax Frequency D-type | 83.3 66.6 50 MHz
(Note 4) Internal Feedback (fcNT) Taype | 769 625 376 MHz
No Feedback  |1/(tw. + twh) 83.3 833 825 MHz
tsL Setup Time from Input, /O, or Feedback to Gate 7 10 13 ns
H Latch Data Hold Time 0 0 0 ns
tao Gate to Qutput (Note 3) 10 11 12 ns
tawe Gate Width LOW 6 6 8 ns
troL Input, I/O, or Feedback to Output Through
Transparent Input or Output Latch 14 17 22 ns
tsIR Input Register Setup Time 2 2 2 ns
tHIR Input Register Hold Time 2 25 3 ns
tico Input Register Clock to Combinatorial Output 15 18 23 | ns
tics Input Register Clock to Output Register Setup D-type 12 15 20 ns
‘ Ttype | 13 16 21 ns
twict Input Register LOW 6 6 8 ns
twicH Clock Width HIGH 6 6 8 ns
fmaxip Maximum Input Register Frequency | 1/(twicL + twick) 83.3 83.3 62.5 MHz
tsiL Input Latch Setup Time 2 2 2 ns
tHIL Input Latch Hold Time 2 2.5 3 ns
tico Input Latch Gate to Combinatorial Output 17 20 25 ns
ticoL Input Latch Gate to Qutput Through Transparent
Output Latch 19 22 27 ns
tsLL Setup Time from Input, /O, or Feedback Through
Transparent Input Latch to Output Latch Gate 9 12 15 ns
ties Input Latch Gate to Output Latch Setup 13 16 21 - ns

66 MACH210-12/15/20 (Com’l)
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ADV MICRO PLA/PLE/ARRAYS anmp &
SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)
{continued)

Parameter -12 <15 -20

Symbol | Parameter Description Min] Max| Min| Max] Min| Maxj Unit
twiaL Input Latch Gate Width LOW 6 6 8 ns
troLL Input, /0, or Feedback to Output Through Transparent

Input and Qutput Latches 16 19 24 ns

tar Asynchronous Reset to Registered or Latched Output 16 20 25 ns
tarw Asynchronous Reset Width (Note 4) 12 15 20 ns
tarr Asynchranous Reset Recovery Time (Note 4) 8 10 15 ns
tae Asynchronous Preset to Registered or Latched Output 16 20 25 ns
tarw Asynchronous Preset Width (Note 4) 12 15 20 ns
tarr Asynchronous Preset Recovery Time (Note 4) 8 10 15 ns
tea Input, /O, or Feedback to Output Enable (Note 3) 12 15 20 ns
ter Input, /O, or Feedback to Output Disable (Note 3) 12 15 20 ns
Notes:

2. See Switching Test Circuit, for test conditions.

3. Parameters measured with 16 outputs switching.

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

MACH210-12/15/20 (Com’l) 67
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage Temperature ........... —65°C to +150°C Commercial (C) Devices
Ambient Temperature Temperature (Ta) Operating
with Power Applied ............. -55°C to +125°C T N N 0°C to +75°C
Supply Voltage with : .
Supply Voltage (Vcc) with
RespecttoGround ............. -05Vto+7.0V Respect 10 Ground . ...... ... +4.75V 10 +5.25 V
DC Input Voltage ........... -05VioVec+05V
DC Qutput or Operating ranges define those limits between which the func-
VO PinVoltage ............ -0.5VtoVec+05V tionality of the device is guaranteed.
Static Discharge Voltage . ... ............. 2001V
Latchup Current (Ta = 0°C to +75°C) ...... 200 mA

Stresses above those listed under Absolute Maximum Ratings
may cause permanent device failure. Functionality at or above
these limits is not implied. Exposure to Absolute Maximum
Ratings for extended periods may affect device reliability.
Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
VoH Output HIGH Voltage loH = -3.2 mA, Vee = Min 2.4 v
Vin= Vi or ViL
Voo Output LOW Voltage loL = 16 MA, Vec = Min 0.5 \
ViN = Vih or ViL
Viu Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vv
Voltage for all Inputs (Note 1)
ViL Input LOW Vaoltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 1)
L Input HIGH Leakage Current ViN = 5.25 V, Vec = Max (Note 2) 10 pA
M Input LOW Leakage Current Vin = 0 V, Vo = Max (Note 2) —100 | pA
b Off-State Output Leakage Vour =5.25 V, Ve = Max 10 A
H Current HIGH Vin = Vinor Vi (Note 2), #
Off-State Output Leakage Vout =0 V, Vec = Max
loa. Current LOW Vin = Vior ViL {Note 2) -100 | pA
Isc Output Short-Circuit Current Vout = 0.5 V, Ve = Max {(Note 3) -30 -160 mA
lee Supply Current Vin = 0 V, Outputs Open (lout= 0 mA) 55 mA
Vce = Max, f = 0 MHz (Note 4)
Notes:

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

2. VO pin leakage is the worst case of I and lozt (or i and lozh).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

4. This parameter is guaranteed worst case. An actual icc value can be calculated by using the “Typical Dynamic lec
Characteristics” Chart towards the end of this data sheet,
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance ViN=2.0V Vee = 5.0V, Ta=25°C, 6 pF
Cout Output Capacitance Vour=2.0V |f=1MHz 8 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter =15 -20
Symbol | Parameter Description Min | Max| Min| Max| Unit
teD Input, 1O, or Feedback to Combinatorial Output
(Note 3) 15 20 ns
Setup Time from Input, /0, D-type 13 17 ns
ts or Feedback ta Clock T-type 14 18 ns
tH Register Data Hold Time 0 0 ns
tco Clock to Output (Note 3) 7 8 ns
twi Clock LOW 6 8 ns
twH Width HIGH 6 8 ns
D-type 50 40 MHz
Maximum External Feedback | 1/(ts + tco) Type 476 38.4 MHz
fmax Frequency D-type 58.8 45.4 MHz
(Note 4) Internal Feedback (fcnT) Tiype 555 3.4 Mz
D-type 76.9 58.8 MHz
No Feedback 1/ts + tH) Tiype 14 555 Mhz
tsL Setup Time from Input, /O, or Feedback to Gate 13 17 ns
HL Latch Data Hold Time 0 0 ns
fco Gate to Qutput (Note 3) 8 8 ns
tawL Gate Width LOW 6 . 8 ns
troL Input, 1/O, or Feedback to Output Through
Transparent Input or Output Latch 17 22 ns
isin Input Register Setup Time 2 2 ns
tHIR Input Register Hold Time 25 3 ns
tico Input Register Clock to Combinatorial Output 18 23 ns
tics Input Register Clock to Qutput Register Setup D-type 17 22 ns
T-type 18 23 ns
twic Input Register LOW 6 8 ns
twicH Clock Width HIGH 6 8 ns
fuaxir Maximum Input Register Frequency | 1/{twicL + twich) 83.3 62.5 MHz
tsi. Input Latch Setup Time 2 2 ns
tHIL Input Latch Hold Time 25 3 ns
tico Input Latch Gate to Combinatorial Output 20 25 ns
ticoL Input Latch Gate to Output Through Transparent
Qutput Latch 22 27 ns
tsit Setup Time from Input, IO, or Feedback Through
Transparent Input Latch to Qutput Latch Gate 15 19 ns
tics Input Latch Gate to Output Latch Setup 18 23 ns
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)
(continued)

Parameter -15 -20
Symbol | Parameter Description Min| Max| Min| Max| Unit
twiGL Input Latch Gate Width LOW 6 8 ns
tPoLL Input, /O, or Feedback to Output Through Transparent
Input and Output Latches 19 24 | ns
tar Asynchronous Reset to Registered or Latched Output 25 30 ns
tarw Asynchronous Reset Width (Note 4) 20 25 ns
tanr Asynchronous Reset Recovery Time (Note 4) 20 25 ns
tap Asynchronous Preset to Registered or Latched Output 25 30 | ns
tarw Asynchronous Preset Width (Note 4) 20 25 ns
tarR Asynchronous Preset Recovery Time (Note 4) 20 25 ns
tea Input, I/, or Feedback to Output Enable (Note 3) 15 20 | ns
ter Input, O, or Feedback to Output Disable (Note 3) 15 20 ns
Notes:

2. See Switching Test Circuit, for test conditions.

3. Parametsrs measured with 16 outputs switching.

4. Thess parameters are not 100% lested, but are evaluated at initial characterization and at any time the dasign is modified
where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage Temperature ........... -65°C 1o +150°C  Military (M) Devices (Note 1)

. Operating Case
Ambient Temperature o o
with Power Applied . ............ _55°C to +125°C Temperature (Tc) ............ —55°C10 +125°C
. Supply Voltage (Vcc)

Supply Voltage with -
Respectto Ground ............. —05Vto+7.0V with Respect to Ground ............. +H45V10 4565V
DC Input Voltage . . .......... -0.5VtoVec+05V Note:
DC Qutput or IO Pin Voltage ..-0.5VtoVcc+05V 1. Military products are tested at Tc = +25°C, +125°C
Static Discharge Volage . . . .............. 2001V and ~55°C, par MIL-STD-883.

Latchup Current (Tc =-55°C to +125°C) ... 200 mA

Stresses above those listed under Absolute Maximum Ratings
may cause permanent device failure. Functionality at or above
these limits is not implied. Exposure to Absolute Maximum
Ratings for extended periods may affect device reliability.
Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given are

Operaling ranges define those limits between which the func-
tionality of the device is guaranteed.

not tested.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
Vou Output HIGH Voltage lon = —=2.0 mA, Vce = Min 24 Vv
ViN= Vi or ViL
VoL Output LOW Voltage loL = 12 mA, Vce = Min 0.5 \
Vin = Vinor Vi
Vi Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v
Voltage for all Inputs (Note 3)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 3)
In Input HIGH Leakage Current Vin= 5.5V, Vocc = Max (Note 4) 10 A
b Input LOW Leakage Current Vin = 0 V, Ve = Max (Note 4) -10 pA
Off-State Output Leakage Vour =5.5 V, Vcc = Max 40 pA
oz Current HIGH Vi = Vior Vi (Note 4)
Off-State Qutput Leakage Vour = 0V, Vcc = Max 40 uA
loz Current LOW Vin = Vinor Vi (Note 4)
Isc Qutput Short-Circuit Current Vout = 0.5 V, Voc = Max (Note 5) -30 | —200 mA
lec Supply Current Vin= 0V, Outputs Open (lout= 0 mA) 195 mA
Vce = Max, f = 0 MHz (Note 6)
Notes:

2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. Vi and Vi are input conditions of output tests and are not themselves directly tested. ViL and Vir are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values
without suitable equipment.

4. O pin leakage is the worst case of i and lozt (or I and lozn).
5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100%
tested, but is evaluated at initial characterization and at any time the design is modified where ksc may be affected.

6. This parameter is guaranteed worst case. An actual lcc value can be calculated by using the “Typical Dynamic kcc
Characteristics” Chart towards the end of this data sheet.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
Cin Input Capacitance Vin =20V Vec =50V, Ta=25°C, 8 pF
Cout Qutput Capacitance Vour=20V | {=1MHz 9 pF
Note:

1. 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. .

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter -20
Symbol Parameter Description Min Max Unit
teD Input, 110, or Feedback to Combinatorial Output (Note 3) 20 ns
D-type 13 ns
ts Setup Time from Input, /O, or Feedback to Clock Tiype 12 e
tH Register Data Hold Time 0 ns
tco Clock to Output (Note 3) 12 ns
twi Clock LOW 8 ns
twH Width HIGH 8 ns
D-type 40 MHz
. External Feedback | 1/ts + tco) Tiype 385 MRz
Maximum
fmAx Frequency D-type 50 MHz
(Note 4) Internal Feedback (fCNT) Ttype 276 MAz
No Feedback 1/(twe + twh) 62.5 MHz
sL Setup Time from Input, 10, or Feedback to Gate 13 ns
tHL Latch Data Hold Time 0 ns
teo Gate to Output (Note 3) 12 ns
tawL Gate Width LOW 8 ns
teoL Input, 140, or Feedback to Output Through Transparent ns
Input or Output Latch 22
tsiR Input Register Setup Time 2 ns
tir Input Register Hold Time 3 ns
tico Input Register Clock to Combinatorial Output 23 ns
tics Input Register Clock to Output Register Setup D-type 20 ns
T-type 21 ns
twict Input Register LOW 8 ns
wWicH Clock Width HIGH 8 ns
fmaxir Maximum Input Register Frequency (Note 4) 1/(twicL + twicH) 62.5 MHz
tsiL Input Latch Setup Time 2 ns
tHL Input Latch Hold Time 3 ns
tico Input Latch Gate to Combinatorial Qutput 25 ns
ticoL Input Latch Gate to Output Through Transparent ns
Qutput Latch 27
tsLL Setup Time from Input, IO, or Feedback Through
Transparent Input Latch to Qutput Latch Gate 15 ns
tics Input Latch Gate to Output Latch Setup 21 ns /
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)
(continued)

Parameter -20
Symbol Parameter Description Min Max Unit
twieL Input, Latch Gate Width LOW 8 ns
troLL Input, I/0, or Feedback to Output Through Transparent
Input and Output Latches 24 ns
tar Asynchronous Reset to Registered or Latched Output 25 ns
tarw Asynchronous Reset Width (Note 4) 20 ns
aRR Asynchronous Reset Recovery Time (Note 4) 15 ns
tap Asynchronous Preset to Registered or Latched Output 25 ns
tarw Asynchronous Preset Width (Note 4) 20 ns
tapR Asynchronous Preset Recovery Time (Nots 4) 15 ns
tea Input, VO, or Feedback to Output Enable (Notes 3, 4) 20 ns
ter Input, VO, or Feedback to Output Disable (Notes 3, 4) 20 ns
Notes:

2. See Switching Test Circuit, for test conditions. For APL products, Group A, Subgroups 9, 10 and 11 are tested per MiL-
STD-883, Method 5005, unless otherwise noted.

3. Parameters measured with 16 outputs switching.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected,
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TYPICAL SWITCHING CHARACTERISTICS
Vee = 5.0 V, Ta = 25°C. These parameters are not tested.

201
154
1.0 T

0.5

1 1
0 ¥ L] L}
16 20 24 28 32

Number of Qutputs Switching

Derating for Number of OQutputs Switching

Note:

Applies to tPD, tco. Calculate as:
tderated = t16 O/P + Alas

Datashes! numbers (t16 o) are specified at 16 outputs switching

14128G-3

7
6-

Atow (ns)

b+
Ag 50 75 100 125 150 175 200
B Load Capacitance {pF)

Capacitive Load Derating

Note:
Applies to all AC specifications and rise and fall imes. Calculate as:

tderated = 135 pF + AIDL
Datashest numbers (135 pF) are specified with 35 pF.
For typical rise and fall rates, use 1V/ns at 35 pF.

14128G-4
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TYPICAL CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS
Vec=5.0V, Ta =25°C
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TYPICAL DYNAMIC lcc CHARACTERISTICS

These parameters are not tested. Please refer to the General Information section for a discussion on the usage of
these parameters.

Parameter
Symbol Parameter Description Typ

125
35

leco Base static ke

Incremental input current 21
Incremental current per PAL block 18

incremental output current 96

Voltage dependence 40

Temperature dependence

TYPICAL DATA DESIGN GUIDELINES

The following parameters are provided in response to questions from designers. They are intended only as design
guidelines, and should be used with care. They are not guaranteed or tested.

Parameter Description Typ Unit
Delay Minimums (Note 1)

Combinatorial propagation delay minimum

Clock-to-output delay minimum
Edge Rates (Note 2)

Rise rate

Fall rate
Skew (Note 3)
Clock-to-output skew, same clock polarity and same output polarity

Clock-to-output skew, same clock polarity only

Clock-to-output skew, same output polarity only

Clock-to-output skew, different clock polarity and different output polarity

Internal Delay Savings (Note 4)

Propagation delay savings

Clock-to-output dslay savings

Ground Bounce (Note 5)

Ground bounce noise level on low output 0.5

Noles: :
1. Minimum delays shown anticipate some future technology improvements, but it cannot be guaranteed that process and de-
sign changes will not increase the best-case performance beyond the values below.

. Rise and fall rates are for unloaded outputs.
. Skew values assume equal output loading.
. Internal delay savings gives the typical amount of delay saved by not going through an output buffer.

. Theground bounce noise lovel should be added to the static Vor under normal load conditions as applied to a silent low output
when all other IO pins are switching from high to low.
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TYPICAL THERMAL CHARACTERISTICS
Measured at 25°C ambient. These parameters are not tested.
Parameter Typ
Symbol Parameter Description PLCC CQFP Unit
Bic Thermal impedance, junction to case 15 11 *C/W
Oja Thermal impedance, junction to ambient 40 44 °Cw
Bjma Thermal in]pedlance, junction to 200 lipm air 36 39 °C/W
ambient with air flow 400 lfpm air a3 as W
600 lfpm air 3N 31 °C/W
800 Ifpm air 29 29 °C/W

Plastic 9jc Considerations

The data listed for plastic6jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 6jc measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach arsa on the bottom center of the
package. Furthermore, Ojc tests on packages are performed in a constant-temperature bath, keeping the package surface at a
constant temperature. Therefore, the measurements can only be used in a similar environment.
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