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8XC196KT
COMMERCIAL CHMOS MICROCONTROLLER

m High Performance CHMOS 16-Bit CPU 8 Oscillator Fail Detection Circuitry
B Up to 32 Kbytes of On-Chip EPROM u High Speed Peripheral Transaction
m Up to 1 Kbyte of On-Chip Register RAM Server (FTS)
m Up to 512 Bytes of Additional RAM ® Two Dedicated 16-Bit High-Speed
{lrEtnrnal H::lt} Compare Registers
® Register-Register Architecture m 10 High Speed Capture/Compare (EPA)
m 8 Channel/10-Bit A/D with Sample/Hold ® mm’; Synchronous Serial 1/0
- f 'm"""“'“d ’"'"'H"'“:;“”“ m Two Flexible 16-Bit Timer/Counters
" F:I nsmul ::Iﬂjl'nrt B Quadrature Counting Inputs
m Full Duplex ® Flexible 8-/16-Bit External Bus
B Dedicated Baud Rate Generator (Programmabie)
B Interprocessor Communication Slave = Programmable Bus (HOLD/HLDA)
Port
m 1.75 ps 16 x 16 Multiply
m Selectable Bus Timing Modes for
Flexible Interfacing W 3 ps 32/16 Divide
m 58-Pin PLCC Package

Device | Pina/Package | EPROM | Reg RAM | Code RAM | Address Space | I/0 | EPA | A/D

8XC196KT | 88-Pin PLCC d2K 1K 52 64 Kbyt 56 10 a

X = T EPAOM Device
X = 0 ROMass Device

The BXC196KT 16-bit microcontroller is a high performance member of the MCS®.96 microcontrolier farnily.
The BXC196KT is an enhanced BXC196KR device with 1000 byte register RAM, 512 bytes intemal RAM,
16 MHz operation and an optional 32 Kbytes of ROM/EPROM. Intel's CHMOS II-E process provides a high
performance processor along with low power consumption.

The BXC196KT has a maximum guaranteed frequency of 16 MHz.

Ten high-speed capture/compare modules are provided. As capture modules event times with 250 ns resolu-
tion can be recorded and generate inlerrupts. As compare modules events such as toggling of a port pin,
starling an A/D conversion, pulse width modulation, and software timers can be generated. Events can be
based on the timer or up/down counter.
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Figure 1. 8XC196KT Block Diagram
X XX 8 XC 196KT X X
i - \_I__.f
Davios Spoed:
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M = G8-lsad PLCT
Temperolurs ond Burn=in Oplisne:
Mo Mark = 0°C = T0°C Ambisnt with
Intal Stondord Burm=in oTIPEE-3
EXAMPLE: NBTC12EKT is 68-Lead FLCS OTPROM.
For complete package dimensional data, refer to the Intel Packaging Handbok [Order Number 240800).
NOTE:
1. EPROMs are available as One Time Programmable (OTPROM) only,

Figure 2. The BXC196KT Family Nomenclature
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PROCESS INFORMATION

This device is manufactured on PX28.5, a CHMOS
WI-E process. Additional process and reliability infor-
mation is available in Intel's Components Quality
and Reliabifity Handbook, Order Number 210997

Table 1. Thermal Characteristics

Package
T ﬂh Ble
PLCC 36.5"C/W 13°C/W

8XC196KT

BXC196KT Memory Map

FFFFH | 24 Kbytes External Memory

BFFFH | Internal EFROM or External Memaory
2080H

207FH | Raservad Mamory {Imernal EPROM
2000H | or External Mamorny)id. 5

1FFFH | Mamory Mapped Special Function
1FEOH | Registers (SFR's)

All thermal impedance data is approximate for static
air conditions at 1W of power dissipation. Valuas will
-:hanga depending on operation condiions and ap-
plication. See the Intel Packaging Handboaok (Order
Number 240800) for a description of Intel's thermal
impedance test methodology.

1FOFH | Internal Spacial Function »
1FO0H | Registers (SFA's)H4)

1EFFH | Extarnal Mamory
OE00H '

05FFH | Internal Code or Data RAM (Address
0400H | with Indirect or Indexed Modes)

03FFH Upper Register File
Rlgaar FAM | [ odes o roh

0100H Windows) 1)

corg | PeBrFA | o ore

OH I cousrrs | vodeg

NOTES:

1, Code executed in lotations 000OH to O3FFH will be
forced external.

2. Regserved mamory locathons must contain DFFH wnless
noked.

4, Rasarvad SFA bil lbcations must be written with 0,

4, Refer 1o BXC108KT for SFR descriptions,

5. WARNING: The conterts or functions of resorved mam-
ory locations may change with fubure revisions of tha de-
vice. Therefore, & program that ralies on one or more of
thess locations may not funclion property.
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SXC196KT

PIN DESCRIPTIONS

Symbol

Mame and Function

Voo

Main supply voltage (+ 5V).

Vs, Vs, Vss)

Digital circuit ground {0V}. There are multiple Vgg pins, all of which MUST be
connected.

VREF

Reference for the A/D converter { + 5Y). Vrer is also the supply voltage to the analog
portion of the A/D converter and the legic used to read Port 0. Must be connected for
A/Drand Port O to function.

Vpe

Programming voltage for the EPROM parts. It should be + 12.5V for programming. it
ks also the timing pin for the return from powerdown circuit.

ANGMND

Reference ground for the A/D converter. Must ba held at nominally the same
potantial as Vs,

XTAL1

Input of the oscillator inverter and the internal clock genarator

XTALZ

Output of tha oscillator inverter,

P.27/CLKQUT

Output of the internal clock generator. The frequency is ; the oscillator frequancy. It
has a 50% duty cycle, Alsa LSIO pin.

RESET

Reset input to and open-drain output from the chip.

P5.7/BUSWIDTH

Input for bus width selaction. if CCR bit 1 is a one and CCR1 bit 2 is a one, this pin
dyamically controls the Buswidth of the bus cycle in progress. If BUSWIDTH is low, an
8-bit cycle occurs, f BUSWIDTH is high, a 18-bit cycle occurs. if CCR bit 1 is 0" and
GCR1 bit 2is 1", all bus cycles are 8-bit, if CCR bit 1 is 1" and CCR1 bil 2 is *“0", all
bus cycles ara 16-bit. CCR bit 1 = "0" and CCR1 bit 2 = 0" is ilegal. Also an LSIO
pin when not used as BUSWIDTH.

NMI

A pasitive transition causes a non maskable intermupt vector through memory location
203EH.

PS.1/INST

Output high during an external memdry read indicates the raad s an Instruction fetch.
INST is valid throughout the bus cycle. INST is aclive only during external mamaory
fetchas, during intermal EPROM fetches INST is held low. Also LSO when not INST.

EA

Input for memory select (External Access). EA equal 1o a high causes memory
accesses 10 locations 2000H through B8FFFH to be directed 1o on-chip EPROM/ROM.
EA equal to a low causes accesses to these locations 1o be directed 1o off-chip
memory. EA = +12.5V causes axacution to bagin in the Programming Mode. ERis
latched al resetl.

Bus Hold input requasting contral of the bus.

Bus hold acknowledge output indicating relaase of the bus.

Bus request output activaied when the bus controller has a pending external mamory
cycle.

PS.0/ALE/RDOV

Address Latch Enable or Address Valid output, as selected by CCR. Both pin options
de a latch to demuttiplex the address from the address/data bus. When the pin is
, it goas inactiva (high) at the end of the bus cycle. ADV can be used as a chip
select for external memory. ALE/ADV is active only during external memaory
accasses. Also LS10 when not used as ALE.

Ps.3/RD

Read signal output 1o extarnal memory. AD is active only during external memory
reads or LSIO when not used as AD.

Ps.2/WR/WRBL

Write and Write Low output to external mamory, as selected by the CCR, WH will go
low for every external writs, while WHL will go low only for external writes where an
evan byte is being written. WR/WHL is active during external mamory writes. Also an
LSIO pin when not used as WR/WRL.
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PIN DESCRIPTIONS (Continued)

Symbol

Name and Function

P5.5/BHE/WRH

Byte High Enable or Write High output, as selected by the CCR. BHE = 0 selects the
bank of memory that is connected to the high byte of the data bus. A0 =0 selects
that bank of memory that is connected to the low byte. Thus accesses to a 16-bit
wide memory can be to the low byte only (A0=0, BHE = 1), to the high byte only
(A0=1, BHE =0) or both bytes (A0 =0, BHE = 0). If the WRH function is selacted,
the pin will go low if the bus cycle is writing to an odd memory location. BHE/WRH is
only valid during 16-bit external memory write cycles. Also an LSIO pin when not
BHE/WRH.

P5.6/READY

Ready input to lengthen external memory cycles, for interfacing with slow or
dynamic memory, or for bus sharing. If the pin is high, CPU operation continues in a
normal manner. If the pin is low prior to the falling edge of CLKOUT, the memory
controller goes into a wait state mode until the next positive transition in CLKOUT
occurs with READY high. When external memory is not used, READY has no effect.
The max number of wait states inserted into the bus cycle is controlled by the CCR/
CCR1. Also an LSIO pin when READY is not selected.

P5.4/SLPINT

Dual function 1/0 pin. As a bidirectional port pin or as a system function. The system
function is a Slave Port Interrupt Output Pin.

P6.2/T1CLK

Dual function /O pin. Primary function is that of a bidirectional I/0 pin, however, it
may also be used as a TIMER1 Clock input. The TIMER1 will increment or
decrement on both positive and negative edges of this pin.

P6.3/T1DIR

Dual function 1/0 pin. Primary function is that of a bidirectional 1/0 pin, however, it
may also be used as a TIMER1 Direction input. The TIMER1 will increment when
this pin is high and decrements when this pin is low.

PORT1/EPAO-7
P6.0-6.1/EPA8-9

Dual function 1/O port pins. Primary function is that of bidirectional I70. System
function is that of High Speed capture and compare. EPAQ and EPA2 have yet
another function of T2CLK and T2DIR of the TIMER2 timer/counter.

PORT 0/ACHO-7

8-bit high impedance input-only port. These pins can be used as digital inputs and/or
as analog inputs to the on-chip A/D converter. These pins are also used as inputs to
EPROM parts to select the Programming Mode.

P6.3-6.7/SSI0O Dual function 1/0 ports that have a system function as Synchronous Serial /0. Two
pins are clocks and two pins are data, providing full duplex capability.
PORT 2 8-bit multi-functional port. All of its pins are shared with other functions.
PORT 3and 4 8-bit bidirectional 170 ports with open drain outputs. These pins are shared with the
multiplexed address/data bus which has strong internal pullups.
4-240 PRELIMINARY
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ABSOLUTE MAXIMUM RATINGS*

8XC196KT

NOTICE: This data sheet contains preliminary infor-
mation on new products in production. The specifica-

Storage Temperature .......... —60°Cto +150°C tions are subject to change without notice. Verify with

Voltage from Vpp or EA to your local Intel Sales office that you have the fatest
VgsOFANGND .............. —05Vto +130v | data sheet before finalizing a design.

Voltage from Any Other Pin *WARNING: Stressing the device beyond the “Absolute
toVgg or ANGND .............. —05to +7.0v  Maximum Ralings™ may cause permanent damage.
This includes Ve on ROM and CPU devices These are stress ratings only. Operation beyond the

RO ’ “Operating Conditions” is nof recommended and ex-

Power Dissipation. ......................... 0.5W tended exposure beyond the “Operating Conditions"”

may affect device reliability.

OPERATING CONDITIONS

Symbol Parameter Min Max Units

Ta Ambient Temperature Under Bias 0 +70 °C

Vee Digital Supply Voltage 4,50 5.50 \'

VRer Analog Supply Voltage 4.50 5.50 \

Fosc Oscillator Frequency 4 16 MHz (Note 4)
NOTE:

ANGND and Vgg should be nominally at the same potential.

DC CHARACTERISTICS (Under Listed Operating Conditions)

Symbol Parameter Min Typ Max Units Test Conditions
Ice Ve Supply Current 90 mA | XTAL1 = 16 MHz,

Vce = Vpp = VRer = 5.5V
IREF A/D Reference Supply Current 5 mA (While device in Hese)
lioLe ldle Mode Current 40 mA | XTAL1 = 16 MHz,

Vce = Vpp = Vger = 5.5V
lPD Powerdown Mode Current 50 75 pA |Voc = Vpp = VRer = 5.5V(6,11)
ViL Input Low Voltage (all pins}) —0.5v 0.3Vee V | For PORTO(10)

ViH input High Voltage 0.7 Veg Voo + 0.5 V  |For PORTO(10)

Vi1 |Input High Voltage XTAL1 0.7 Vee Vee + 05| V| XTAL1 Input Pin Only()

ViH2 Input High Voltage on RESET 0.7 Vce Vec + 0.5] V. |RESET input pin only

VoL Qutput Low Voltage 0.3 V |loL = 200 wA@BS5)
(Outputs Configured as 0.45 V |loL =32mA
Complementary) 1.5 V |lor=7.0mA

Vo Output High Voltage Vec — 0.3 V |loH = —200pA@GS5)
{Outputs Configured as Voe — 0.7 V |loh= —32mA
Complementary) Veg — 1.5 V lloh= —-70mA

Iy Input Leakage Current (Std. Inputs) +10 pA [Vgg < VN < Voo

'A% Input Leakage Current (Port 0) +3 pA Vss < VIN < VREF

e Logical 0 Input Current —-70 pA |ViN = 0.45V(D)

I PRELIMINARY B 4825175 0LYuA5S 211 HE et




8XC196KT i ntel R

DC CHARACTERISTICS (Under Listed Operating Conditions) (Continued)

Symbol Parameter Min Typ Max Units Test Conditions
VOH1 SLPINT (P5.4) and HLDA (P2.6) 20 v lon = 0.8 mA()
Qutput High Voltage in RESET
VoH2 Output High Voltage in RESET Veo—1V v lon = —6 pA{l)
Cs Pin Capacitance (Any pin to Vss) 10 pF fiest = 1.0 MHz(6)
Rwpu Weak Pullup Resistance 150K 0 (Note 6)
NOTES:

1. All BD (pidirectional) pins except INST and CLKOUT. INST and CLKOUT are excluded due to their not being weakly

pulled high in reset. BD pins include Port1, Port2, Port3, Port4, Ports and Port6 except SPLINT (P5.4) and HLDA (P2.6).

2. Standard input pins include XTAL1, EA, RESET, and Port 1/2/5/6 when setup as inputs.

3. All bidirectional 1/0Q pins when configured as Outputs (Push/Pull).

4. Device is static and should operate below 1 Hz, but only tested down to 4 MHz.

5. Maximum lgi/lon currents per pin will be characterized and published at a later date.

6. Typicals are based on limited number of samples and are not guaranteed. The values listed are at room temperature and
VRer = Voo = 5.0V.

7. Violating these specifications in reset may cause the device to enter test modes (P5.4 and P2.6).

8. When PO is used as analog inputs, refer to A/D specifications for this characteristic.

9. For temperatures <100°C typical is 10 pA.

8XC196KT ADDITIONAL BUS TIMING MODES

The BXC196KT devices have 3 additional bus timing modes for external memory interfacing.

MODE 3:

Mode 3 is the standard timing mode.

MODE 0:

Mode 0 is the standard timing mode, but 1 (minimum) wait state is always inserted in external bus cycles.
MODE 1:

Mode 1 is the long R/W mode. This mode advances RD and WR signals by 1 Tosc creating a 2 Togc RD/WR
low time. ALE is also advanced by 0.5 Togc but ALE high time remains 1 Tosc.

MODE 2:

Mode 2 is the long R/W mode with Early Address. Mode 2 is similar to Mode 1 with respect to RD, WR, and
ALE signals. Additionally, the address is output on the bus 0.5 Togc earlier in the bus cycle.

- V]
ez M 4826175 0L448LO0 T33 N PRELIMINARY
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te—1Tgs¢ =1

xmcp L l l l 1
cLKOUT I— _—I

ALE
MODE (3)

ALE
MODE (1,2)

AD
MODE (3)

AD
MODE (1)

AD
MODE (2)

RD & WR
MODE (3)

RD & WR
MODE (1,2)

Data Drive

272266-4

Detailed MODE 1, 2, 3, Comparison

PRELIMINARY
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8XC196KT

EXPLANATION OF AC SYMBOLS

Each symbol is two pairs of letters prefixed by “T”
for time. The characters in a pair indicate a signal
and its condition, respectively. Symbols represent
the time between the two signal/condition points.

intel.

Conditions: Signals:

H—High A—Address HA—HLDA

L—Low B—BHE L—ALE/ADV

V—Valid BR—BREQ Q—Data Out

X—No Longer G—CLKOUT RD—RD

Valid D—DATA W—WR/WRH/WRI

Z—Floating G—Buswidth X—XTAL1

H—HOLD Y—READY

BUS MODE 0 AND 3 AC CHARACTERISTICS (Over Specified Operating Conditions)
Test Conditions: Capacitance Load on All Pins = 100 pF, Rise and Fall Times = 10 ns.

The system must meet these specifications to work with the 8XC196KT.

Symbol Parameter Min Max Units
Tavyv Address Valid to Ready Setup 2Tosc — 75 ns(3)
Ty ALE Low to READY Setup Tosc — 70 ns(@
TyLyH Non READY Time No Upper Limit ns
TeLyx READY Hold after CLKOUT Low 0 Tosc — 30 ns(t)
Tavgy Address Valid to BUSWIDTH Setup 2Tosc — 75 ns(2. 3)
Tugy ALE Low to BUSWIDTH Setup Tosc — 60 ns(2 3)
ToLex BUSWIDTH Hold after CLKOUT Low 0 ns
Tavoy Address Valid to Input Data Valid 3Tosc — 55 ns(@
TRLDV RD active to input Data Valid Tosc — 30 ns2
ToLov CLKOUT Low to Input Data Valid Tosc — 60 ns
TRHDZ End of RD to Input Data Float Tosc ns
TRHDX Data Hold after RD High 0 ns
NOTES:

1. If Max is exceeded, additional wait states will occur.
2. If wait states are used, add 2 Tosc X n, where n = number of wait states.
3. If mode 0 is selected, one wait state minimum is always added. If additional wait states are required, add 2 Tosc to the

specification.

4-244
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BUS MODE 0 AND 3 AC CHARACTERISTICS (Over Specified Operating Conditions)
(Continued)
Test Conditions: Capacitance Load on All Pins = 100 pF, Rise and Fall Times = 10 ns.

The 8XC196KT will meet these specifications

Symbol Parameter Min Max Units
FxTAL Frequency on XTALA1 4.0 16.0 MHz(1)
Tosc XTAL1 Period (1/FxTAD 62.5 250 ns
TxHCH XTAL1 High to CLKOUT High or Low +20 110 ns
TorD Clock Failure to Reset Pulled Low(6} 4 40 us
ToLeL CLKOUT Period 2Tpsc ns
TecHoL CLKOUT High Period Tosc — 10 Tosc + 30 ns
ToLLH CLKOUT Low to ALE/ADY High —10 +15 ns
TucH ALE/ADV Low to CLKOUT High —25 415 ns
TLHLH ALE/ADV Cycle Time 4 Tosc ns(®)
TLHLL ALE/ADV High Time Tosc — 10 Tosc + 10 ns
TavLL Address Valid to ALE Low Tosc — 15 ns
TLLAX Address Hold After ALE/ADV Low Tosc — 40 ns
TwRL ALE/ADV Low to RD Low Tosc — 40 ns
TRLCL RD Low to CLKOUT Low +4 +35 ns
TRLAH RD Low Period Tosc — 5 ns)
TRHLH RD High to ALE/ADV High Tosc Tosc + 25 ns(3)
TRLAZ RD Low to Address Float +5 o ns
TLLwL ALE/ADV Low to WR Low Tosc — 10 ns
TowwL CLKOUT Low to WR Low —-10 +25 ns
TavwH Data Valid betore WR High Tosc — 23 ns
TCHWH CLKOUT High to WR High -10 ‘ +15 ns
TwLWH WR Low Period Tosc — 30 . ns(6)
TwHQX Data Hold after WR High Tosc — 30 ns
TWHLH WR High to ALE/ADV High Tosc — 10 Tosc + 15 ns@)
TWHEX BHE, INST Hold after WR High Tosc — 10 ns
TWHAX ADB8-15 Hold after WR High Tosc — 30 ns(@
TRHBX BHE, INST Hold after RD High Tosc — 10 ns
TRHAX ADB-15 Hold after RD High Tosc — 30 nsi4)
NOTES:

1. Testing performed at 4.0 MHz, however, the device is static by design and will typically operate below 1 Hz.

2. Typical specifications, not guaranteed.

3. Assuming back-to-back bus cycles.

4. 8-bit bus only.

5. If wait states are used, add 2 Tosc X n, where n = number of wait states. If mode 0 (1 automatic wait state added)
operation is selected, add 2 Tpgg to specification.

6. Torp is the time for the oscillator fail detect circuit (OFD) to react to a clock failure. The OFD circuitry is enabled by
programming the UPROM location 0778H with the value 0004H. KT customer QROM codes need to equate location 2016H
to the value OCDEH if the oscillator fail detect (OFD) function is desired. Intel manufacturing uses location 2016H as a flag
to determine whether or not to program the Clack Detect Enable (CDE) bit. Programming the CDE bit enables oscillator fail
detection.

PRELIMINARY 4-245
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BUS MODE 0 AND 3 8XC196KT SYSTEM BUS TIMING

XTAL1 <_\Tosc —’1/| \_/_\ /_\ /—

TereL TxHCH
CLOCKOUT _\ /r_\__/
—{ f— TCLLH — TLLCH
Tenw®
ALE/ADY _/ / —
Fe— T —» .
TLre 4 TRLRH TRHLH —>]
RD
le-— TRHDZ —»
.
fa— Tavie TiLax | ]
BUS READ x ADDRESS OUT A0 -A15 )—«( DATA IN »)»X
} Tavov l
TLw Twiwn® —

fe— Tovws —sfe— Twrax —»|

BUS WRITE x ADDRESS OUT X DATA OUT X

f«— Twhpx ©r Teepx

BHE, INST x BHE, INST VALID X

[e————————»fa— TwHax °F TRpax
AD8 - AD15 x ADDRESS OUT AD8 - AD15 VALID 8-BIT BUS MODE X

272266-5

* If mode O operation is selected, add 2 Tpsg to this time.

4248 M 482L175 DLYYBLY LAT W PRELIMINARY
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MODE 0 AND 3 8XC196KT READY TIMINGS (ONE WAIT STATE)

I-—Tosc—ﬂ
XTA'—‘_\/'\/‘\T\/\/\/\/
cLkout " E / \j_\_/__—\_

TereL |

ALE H (MAX) /—

_—_— Tevrx
LYy —

{MIN)
READY ///

.
Tavyy

Teean + 2 Tosg ———————*
1] ‘ / o
Tavov * 2 Tosc 4—‘—’| — |‘— Teuox

BUS READ )»X ADDRESS OUT ) ( DATA IN »»)»»x

e Tmwn * 2Tos¢ ————*
R /
I‘——— Tavwn * 2 Togg —————
BUS WRITE X ADDRESS OUT X(« DATA OUT x

272266-6

*If mode O selected, one wait state is always added. If additional wait states are required, add 2 Tosc to these specifica-
tions.

8XC196KT BUSWIDTH TIMINGS

Tosc
XTAL1

CLKOUT \ / ‘\ / \ / \

" _/—\L —\
Tiev® —-1 ~+’<— ToLex

BUSWIDTH X VALID X ) X VALID X
I

} Tavev®
Ll 1
BUS WRITE X ADDRESS OUT X((( DATA OUT X ADDRESS OUT X
272266-7
*If mode 0 selected, add 2 Tpgg to these specifications.

PRELIMINARY 4-247
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8XC196KT

BUS MODE 1—AC CHARACTERISTICS (Over Specified Operating Conditions)
Test Conditions: Capacitance Load on All Pins = 100 pF, Rise and Fall Times = 10 ns.

The system must meet these specifications to work with the 8XC196KT.

Symbol Parameter Min Max Units
Tavyv Address Valid to Ready Setup 2Tosc — 75 ns
Ty ALE Low to READY Setup 1.5Tpge — 70 ns
TYLYH Non READY Time No Upper Limit ns
ToLyx READY Hold after CLKOUT Low 0 Tosc — 30 ns{!)
Tavav Address Valid to BUSWIDTH Setup 2Tosc — 75 nd
TLLey ALE Low to BUSWIDTH Setup T1508c — 60 ns
TeoLax BUSWIDTH Hold after CLKOUT Low 0 ns
TavDv Address Valid to Input Data Valid 3Tosc — 60 ns(2)
TRLDV RD Active to input Data Valid Tosc — 44 ns(2)
ToLpv CLKOUT Low to Input Data Valid Tosc — 60 ns
TRHDZ End of RD to Input Data Float Tosc ns
TRHDX Data Hold after RD High 0 ns
NOTES:

1. If Max is exceeded, additional wait states will occur.
2. If wait states are used, add 2 Tosc X n, where n = number of wait states. If mode 0 is selected, one wait state minimum
is always added. If additional wait states are required, add 2 Tosc to the specification.

4.248 ' PRELIMINARY
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BUS MODE 1—AC CHARACTERISTICS (Over Specified Operating Conditions)

Test Conditions: Capacitance Load on All Pins = 100 pF, Rise and Fall Times = 10 ns.

The 8XC196KT will meet these specifications
Symbol Parameter Min Max Units
FXTAL Frequency on XTAL1 4.0 16.0 MHz(1)
Tosc XTAL1 Period (1/FxtAl 62.5 250 ns
TxHCH XTAL1 High to CLKOUT High or Low +20 ns
TcloL CLKOUT Period 2Tosc ns
TcHCL CLKOUT High Period Tosc — 10 Tosc + 27 ns
TCHLH CLKOQUT High to ALE/ADV High 05Tpsc — 15 05Tosc + 15 ns
TeLw CLKOUT Low to ALE/ADV Low 0.5Tosc — 25 0.5 Tgsc+ 15 ns
TLHLH ALE/ADV Cycle Time 4Tosc ns(5)
TLHLL ALE/ADV High Time Tosc — 10 Tosc + 10 ns
TaviL Address Valid to ALE Low 05Tosc — 16 ns
TrLiax Address Hold After ALE/ADV Low 0.5Tggc — 20 ns
TLLRL ALE/ADV Low to RD Low 0.5Tosc — 15 ns
TRLCL RD Low to CLKOUT Low Tosc — 10 Tosc +30 ns
TRLRH RD Low Period 2Tosc — 20 ns(S)
TRHLH RD High to ALE/ADV High 0.5 Tosc 05Tpsc + 25 ns(3)
TRLAZ RD Low to Address Float +5 ns
TLiwL ALE/ADV Low to WR Low 0.5Tosc — 10 ns
ToLweL CLKOUT Low to WR Low Tosc — 15 Tosc + 25 ns
TavwH Data Valid before WR High 2Tosc — 23 ns
TeHWH CLKOUT High to WR High -10 +156 ns
TwLwH WR Low Period 2Tpsc — 15 ns(5)
TwHax Data Hold after WR High 0.5Tosc — 26 ns
TWHLH WR High to ALE/ADV High 05Tosc — 10 0.5Tosc + 10 ns3)
TwHBX BHE Hold after WR High Tosc — 15 - ns
TwHIX INST Hold after WR High 0.5Tosc — 15
TWHAX AD8-15 Hold after WR High 0.5Tosc — 30 ns(4)
TrHBX BHE Hold after RD High Tosc — 32 ns
TRHIX INST Hold after RD High 0.5 Tosc — 32
TRHAX AD8-15 Hold after RD High 0.5Tosc — 30 ns(4)

NOTES:

1. Testing performed at 8.0 MHz, however, the device is static by design and will typically operate below 1 Hz.

2. Typical specifications, not guaranteed.

3. Assuming back-to-back bus cycles.

4. 8-bit bus only.

5. If wait states are used, add 2 Togg X n, where n = number of wait states. if mode O (1 automatic wait state added)
operation is selected, add 2 Tosc to specification.
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MODE 1—8XC196KT SYSTEM BUS TIMING
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MODE 1—8XC196KT READY TIMINGS (ONE WAIT STATE)
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MODE 1—8XC196KT BUSWIDTH TIMINGS
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BUS MODE 2—AC CHARACTERISTICS (Over Specified Operating Conditions)

Test Conditions: Capacitance Load on All Pins = 100 pF, Rise and Fall Times = 10 ns.

The system must meet these specifications to work with the 8XC196KT.

Symbol Parameter Min Max Units
Tavyy Address Valid to Ready Setup . 25Tosc — 75 ns
Ty ALE Low to READY Setup 1.5Tosc — 70 ns
TyLYH Non READY Time No Upper Limit ns
ToLyx READY Hold after CLKOUT Low 0 Tosc — 30 ns(M
TavGgv Address Valid to BUSWIDTH Setup 25Tosc — 75 ns
Ty ALE Low to BUSWIDTH Setup Tis50sc — 60 ns
ToLex BUSWIDTH Hold after CLKOUT Low 0 ns
Tavov Address Valid to Input Data Valid 3.5Tosc — 55 ns(2)
TrLDV RD Active to Input Data Valid 2Tosc — 44 ns(2)
ToLov CLKOUT Low to Input Data Valid Tosc — 60 ns
TrHDZ End of RD to Input Data Float 0.5Tosc ns
TRHDX Data Hold after RD High 0 ) ns
NOTES:

1. if Max is exceeded, additional wait states will occur.
2. if wait states are used, add 2 Tosc X n, where n = number of wait states. If mode 0 is selected, one wait state minimum
is always added. If additional wait states are required, add 2 Tosc to the specification.

252 # 4826175 0144870 982 MM PRELIMINARY




intel o 8XC196KT

BUS MODE 2—AC CHARACTERISTICS (Over Specified Operating Conditions)

Test Conditions: Capacitance Load on All Pins = 100 pF, Rise and Fall Times = 10 ns.

The 8XC196KT will meet these specifications
Symbol Parameter Min Max Units
FxtaL Frequency on XTAL1 8.0 16.0 MHz(1)
Tosc XTAL1 Period (1/Fxtal) 62.5 125 ns
TxXHCH XTAL1 High to CLKOUT High or Low +20 +85 ns
TeloL - CLKOUT Period 2Tosc ns
TcHEL CLKOUT High Period Tosc — 10 Tosc + 27 ns
TCHLH CLKOUT High to ALE/ADV High 0.5Tpsc — 15 05Tosc + 15 ns
ToL CLKOUT Low to ALE/ADV Low 0.5Tosc—25 0.5Tpgc+ 15 ns
TLHLH ALE/ADV Cycle Time 4Tosc ns(5)
TLHLL ALE/ADV High Time Tosc — 10 Tosc + 10 ns
TavLL Address Valid to ALE Low Tosc — 15 ns
TLLAx Address Hold After ALE/ADV Low 0.5Tpsc — 20 ns
TURL ALE/ADV Low to RD Low 0.5Tosc — 15 ns
TRLCL RD Low to CLKOUT Low Tosc — 10 Tosc +30 ns
TARLARH RD Low Period 2Tosc — 20 ns(5)
TRHLH RD High to ALE/ADV High 05Tpsc—5 05Tosc + 25 ns()
TRLAZ RD Low to Address Float +5 ns
TiowL ALE/ADV Low to WR Low 0.5Tpsc — 10 ns
Touwe CLKOUT Low to WR Low Tosc — 22 Tosc + 25 ns
TavwH Data Valid before WR High 2Tosc — 25 ns
TCoHWH CLKOUT High to WR High -10 +15 ns
TWLWH WR Low Period 2Tosg — 20 ns(5)
TwHQX Data Hold after WR High 05Tosc — 26 ns
TWHLH WR High to ALE/ADV High 05Tpgg — 10 0.5Tpgc + 10 ns@
TwHBX BHE Hold after WR High Tosc — 16 ns
TWHIX INST Hold after WR High 05Tosc — 15
TWHAX AD8-15 Hold after WR High 0.5Tosc — 30 ns4)
TRHBX BHE Hold after RD High Tosc — 32 ns
TRHIX INST Hold after RD High 0.5Tpsc — 32
TRHAX AD8-15 Hold after RD High 0.5 Tosc — 30 ns(4)

NOTES:

1. Testing performed at 8.0 MHz, however, the device is static by design and will typically operate below 1 Hz.

2. Typical specifications, not guaranteed.

3. Assuming back-to-back bus cycles.

4. 8-bit bus only.

5. If wait states are used, add 2 Togc X N, where n = number of wait states. If mode 0 (1 automatic wait state added)
operation is selected, add 2 Tosc to specification.
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MODE 2—8XC196KT SYSTEM BUS TIMING
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MODE 2—8XC196KT READY TIMINGS (ONE WAIT STATE)
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MODE 2—8XC196KT BUSWIDTH TIMINGS
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BUS MODE 0, 1, 2, and 3 HOLD/HOLDA TIMINGS (Over Specified Operation Conditions)
Test Conditions: Capacitance Load on All Pins = 100 pF, Rise and Fall Times = 10 ns.

Symbol Parameter Min Max Units
ThveH HOLD Setup Time +65 ‘ ns(1)
ToLHAL CLKOUT Low to HLDA Low —15 +15 ns
TowsRL CLKOUT Low to BREQ Low —-15 +15 ns
TAZHAL HLDA Low to Address Float +25 ns
TezHAL HLDA Low to BHE, INST, RD, WR Weakly Driven +25 ns
TCLHAH CLKOUT Low to HLDA High -25 +15 ns
TeLBRH CLKOUT Low to BREQ High —-25 +25 ns
THAHAX HLDA High to Address No Longer Float -15 ns
ThAHBY ALDA High to BHE, INST, RD, WR Valid -10 ns
NOTE:

1. To guarantes recognition at next clack.

8XC196KT HOLD/HOLDA TIMINGS
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AC CHARACTERISTICS—SLAVE PORT

SLAVE PORT WAVEFORM—(SLPL = 0)

s\ | S

""1 TsRHAV
ALE/A1
TSRLRH
RD \ v
TsrLOV TsrHDZ
P3 s
TspvwH
TsavwiL ) Tswiwn TswHax
R ‘{ /

272066-15
SLAVE PORT TIMING—(SLPL = 0, 1, 2, 3)
Symbol Parameter ’ Min Max Units
TsavwL Address Valid to WR Low 50 ns
TSRHAV RD High to Address Valid 60 ns
TSRLRH RD Low Period Tosc ns
TewWLWH WR Low Period Tosc ns
TsRLDV RD Low to QOutput Data Valid 60 ns
TspvwH Input Data Setup to WR High 20 ns
TswHQX WR High to Data Invalid 30 ' ns
TSRHDZ RD High to Data Float 15 ns

NOTES:

1. Test Conditions: Fosc = 16 MHz, Togc = 60 ns. Rise/Fall Time = 10 ns. Capacitive Pin Load = 100 pF.
2. These values are not tested in production, and are based upon theoretical estimates and/or laboratory tests.
3. Specifications above are advanced information and are subject to change.
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AC CHARACTERISTICS—SLAVE PORT (Continued)

SLAVE PORT WAVEFORM—(SLPL = 1)

TSELLL TsRHEH

ALE / ‘\

TSLLRL TSRLRH

TsrLoy TsrHpzZ

Tsavie TsLLax Tsovwh TswHax
[

. TswLwh

272266-16
SLAVE PORT TIMING—(SLPL = 1, 2, 3)
Symbol Parameter Min Max Units
TSELLL TS Low to ALE Low 20 ns
TSRHEH RD or WR High to TS High 60 ns
TSLLRL ALE Low to RD Low Tosc ns
TsRLARH RD Low Period Tosc ns
TowLwH WR Low Period Tosc ns
TsaviL Address Valid to ALE Low 20 ns
TsLLAx ALE Low to Address Invalid 20 ns
TSRLDV RD Low to Output Data Valid 60 ns
TsovwH 1nput Data Setup to WRHigh 20 : ns
TswHax WA High to Data Invalid 30 ns
TSRHDZ RD High to Data Float 15 ns

NOTES:

1. Test Conditions: Fogc = 16 MHz, Togc = 60 ns. Rise/Fall Time = 10 ns. Capacitive Pin Load = 100 pF.
2. These values are not tested in production, and are based upon theoretical estimates and/or laboratory tests.
3. Specifications above are advanced information and are subject to change.
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EXTERNAL CLOCK DRIVE
Symbol Parameter Min Max Units
1/TxxL Oscillator Frequency 4 16 MHz
TyLXL Oscillator Period (Tosc) 62.5 250 ns
TxHxX High Time 0.35 X Tpsc 0.65 Tosc ns
TxLxx Low Time 0.35 X Tosc 0.65 Tosc ns
TXLXH Rise Time 10 ns
TXHXL Fall Time 10 ns
EXTERNAL CLOCK DRIVE WAVEFORMS
TxuxL
0.7¥ec*0-5V_A 5.7V +0.5V 0.7Vge 0.5V
0.3Vcc—0.5V 0.3V¢c-0.5V
Txixe 1
272266-17
AC TESTING INPUT, OUTPUT WAVEFORMS FLOAT WAVEFORMS
INPUTS QUTPUTS V_oap*0- 15V Vou-0-18V
3.5V
v TIMING REFERENCE
z;.ov LOAD POINTS
/ TEST PO'NTS:BV Vioap=0-15V Vo +0.15V
0.45v - 272266-19
272266-18 For timing purposes a Port Pin is no longer floating
AC Testing inputs are driven at 3.5V for a logic "“1” and when a 150 mV change from load voltage occurs and
0.45V for a logic “0”. Timing measurements are made begins to float when a 150 mV change from the loading
at 2.0V for a logic “1” and 0.8V for logic “0”. Von/VoL level occurs loL/loH < 15 mA.
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WAVEFORM—SERIAL PORT—SHIFT REGISTER MODE

SERIAL PORT WAVEFORM—SHIFT REGISTER MODE

RESET r
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P2.2 e/
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272266-22

AC CHARACTERISTICS—SERIAL PORT-SHIFT REGISTER MODE

SERIAL PORT TIMING—SHIFTING REGISTER MODE
Tost Conditions: Tp = —40°C to +125°C; Voo = 5.0V £ 10%; Vgg = 0.0V; Load Capacitance = pF

Symbol Parameter Min Max Units
TxxL Serial Port Clock Period 8 Tosc ns
TxLXH Serial Port Clock Falling Edge to Rising Edge 4 Tosc — 50 Tosc + 50 ns
TavxH Output Data Setup to Clock Rising Edge 3Tosc ns
TxHax Output Data Hold after Clock Rising Edge 2Tosc — 50 ns
TxHQv Next Output Data Valid after Clock Rising Edge 2Tpsc + 50 ns
TovxH Input Data Setup to Clock Rising Edge 2Tosc + 200 ns
Txnpx{V | Input Data Hold after Clock Rising Edge 0 ns
Txnaz(V | Last Clock Rising to Output Float 5 Tosc ns
NOTE:

1. Parameters not tested.
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A TO D CHARACTERISTICS

The A/D converter is ratiometric, so absolute accuracy is dependent on the accuracy and stability of VRer.

10-BIT MODE A/D OPERATING CONDITIONS

Symbol Description Min Max Units
TaA Ambient Temperature 0 +70 °C
Vee Digital Supply Voltage 4.50 5.50 Vv
VREF Analog Supply Voltage 4.50 5.50 vt
TsAM Sample Time 1.0 us®
Tcony Conversion Time 10 15 ps@
Fosc Oscillator Frequency 4.0 16.0 MHz
NOTES:

1. VReF must be within 0.5V of Vcc.
2, The value of AD__TIME is selected to meet these specifications.

10-BIT MODE A/D CHARACTERISTICS (Using Above Operating Conditions)(®)

Parameter Typ*(1) Min Max Units*
Resolution e 1924 Lovel
Absolute Error 0 +3.0 LSBs
Full Scale Error 0.25 £0.5 LSBs
Zero Offset Error 0.25 +0.5 LSBs
Non-Linearity 1.0 £20 +3.0 LSBs
Differential Non-Linearity —-0.75 +0.75 LSBs
Channel-to-Channel Matching +0.1 0 +1.0 LSBs
Repeatability +0.25 0 LSBs(1}
Temperature Coefficients:

Offset 0.009 Lss/c
Full Scale 0.009 LsB/C1)
Differential Non-Linearity 0.009 LsBsc)
Off Isolation —860 dB(1.2.3)
Feedthrough —60 dB(1.2)
Ve Power Supply Rejection —60 dB(1.2)
Input Resistance 750 1.2K 04
DC input Leakage +1.0 0 3.0 pA
Voltage on Analog Input Pin ANGND — 0.5 VRer + 0.5 V(5
Sampling Capacitor 3.0 pF
*An “LSB" as used here has a value of approximately 20 mV.
NOTES:

1. These values are expected for most parts at 25°C, but are not tested or guaranteed.

2. DC to 100 KHz.

3. Multiplexer break-before-make is guaranteed.

4. Resistance from device pin, through internal MUX, to sample capacitor.

5. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted.
6. All conversions performed with processor in IDLE mode.
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8-BIT MODE A/D OPERATING CONDITIONS

Symbol Description Min Max Units
Ta Ambient Temperature 0 +70 °C
Vee Digital Supply Voltage 4.50 5.50 \
VREF Analog Supply Voltage 4,50 5.50 v(i)
Tsam Sample Time 1.0 ps@
Tcony Conversion Time 7 20 us@
Fosc Oscillator Frequency 40 16.0 MH2z
NOTES:

1. VRer must be within 0.5V of V.
2. The value of AD__TIME is selected to meet these specifications.

8-BIT MODE A/D CHARACTERISTICS (Using Above Operating Conditions)(6}

Parameter Typ*(1) Min Max Units*
Resolution 226 226 LBei\t’se !
Absolute Error 0 +10 LSBs
Full Scale Error +0.5 LSBs
Zero Offset Error +0.5 LSBs
Non-Linearity 0 1.0 LSBs
Differential Non-Linearity -0.5 +0.5 LSBs
Channel-to-Channel Matcfhing 0 +1.0 LSBs
Repeatability +0.25 0 LSBs(1)
Temperature Coefficients:

Offset 0.003 LsB/C(1)

Full Scale 0.003 LSB/C(1)

Differential Non-Linearity 0.003 LSB/C(1)
Off Isolation . —-60 dB(1.2,3)
Feedthrough —60 dB(1.2)
Ve Power Supply Rejection —60 dB(1.2)
Input Resistance 750 1.2K [3153)
DC Input Leakage +1.0 0 +3.0 1A
Voltage on Analog Input Pin ANGND — 0.5 VRer + 0.5 V(5)
Sampling Capacitor 3.0 pF

*An “LSB” as used here has a value of approximately 20 mV.

NOTES:

1. These values are expected for most parts at 25°C, but are not tested or guaranteed.

2. DC to 100 KHz.

3. Multiplexer break-before-make is guaranteed.

4. Resistance from device pin, through internal MUX, to sample capacitor.

5. Applying voltage beyond these specifications will degrade the accuracy of other channels being converted.
6. All conversions performed with processor in IDLE mode.
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'EPROM SPECIFICATIONS
OPERATING CONDITIONS
Symbol Description Min Max Units
Ta Ambient Temperature during Programming 20 30 °C
Vee Supply Voltage during Programming 45 55 V(1)
VREF Reference Supply Voltage during Programming 45 5.5 vit)
Vpp Programming Voltage 12.25 12.75 vi2)
VEA EA Pin Voltage 12.25 12.75 v
Fosc Oscillator Frequency during Auto 6.0 8.0 MHz
and Slave Mode Programming
Fosc Oscillator Frequency during 6.0 16.0 MHz
Run-Time Programming
NOTES:
1. Vog and VRer should nominally be at the same voltage during programming.
2. Vpp and Vga must never exceed the maximum specification, or the device may be damaged.
3. Vgs and ANGND shouid nominally be at the same potential (0V).
4. Load capacitance during Auto and Slave Mode programming = 150 pF.
AC EPROM PROGRAMMING CHARACTERISTICS (SLAVE MODE)
Symbol Parameter Min Max Units
TavLL Address Setup Time 0 Tosc
TLLAX Address Hold Time 100 Tosc
ToveL Data Setup Time 0 Tosc
TpLDX Data Hold Time 400 Tosc
TLLLH PALE Pulse Width 50 Tosc
TpLPH PROG Pulse Width(2) 50 Tosc
TLHPL PALE High to PROG Low 220 Tosc
TPHLL PROG High to next PALE Low 220 Tosc
TePHDX Word Dump Hold Time 50 Tosc
TPHPL PROG High to next PROG Low 220 Tosc
TLHPL PALE High to PROG Low 220 Tosc
TpLDV PROG Low to Word Dump Valid 50 Tosc
TSHLL RESET High to First PALE Low 1100 Tosc
TPHIL PROG High to AINC Low 0 Tosc
TiLH AINC Pulse Width 240 Tosc
TiLVH PVER Hold after AINC Low 50 Tosc
TipL AINC Low to PROG Low 170 Tosc
TPHVL PROG High to PVER Valid 220 Tosc
NOTES:

1. Run-time programming is done with Fosc = 6.0 MHz to 10.0 MHz, Vcc, Vep, VRer = 5V +0.5V, Tc = 25°C +5°C and

Vpp = 12,5V +0.25V. For run-time programming over a full operating range, contact factory.
2. Programming specifications are not tested, but guaranteed by design.

3. This specification is for the word dump mods. For programming pulses use Modified Quick Pulse Algorithm.,
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DC EPROM PROGRAMMING CHARACTERISTICS

Symbol Parameter Min Max Units
Ipp Vpp Programming Supply Current 200 mA
NOTE:
Don not apply Vpp until Voc is stable and within specifications and the oscillator/clock has stabilized or the device may be
damaged.

EPROM PROGRAMMING WAVEFORMS

SLAVE PROGRAMMING MODE DATA PROGRAM MODE WITH SINGLE PROGRAM PULSE

RESET /
e— Tavi —»f Tover [
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P2.1 ——
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PROG
P2.2 \_

F—THvL —

'T;Eg \ VALID ,

Tivn

272266-21

NOTE:
P3.0 must be HIGH (*'1")

SLAVE PROGRAMMING MODE IN WORD DUMP MODE WITH AUTO INCREMENT

RESET r
; Tsel {
| ADDR | ADDR+2
N
mg}i ADDRESS/COMMAND VER BITS/WD OUMP Dt VER BITS /WD DUMP
X

TrLov — |'— = TeHpx = P—I‘Tm)v = Teup:
PALE \ /
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P2.2 -/

Tiee le— TrupL —
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272266-22

NOTE:
P3.0 must be LOW (“0”)

4-264 PRELIMINARY
B 4326175 0l44882 LTU HE I




in'tel . 8XC196KT

SLAVE PROGRAMMING MODE TIMING IN DATA PROGRAM MODE WITH REPEATED PROG PULSE
AND AUTO INCREMENT

RESET /
FO;T/S‘ ADDRESS/COMMAND DATA e

PALE

P2.1

H -
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P2.2 P1 P2

— vk |-—
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ToniL —»

272266-23

8XC196KT ERRATA

The following is a list of all known functional devia-
tions for 8XC196KT devices. C-step devices can be
identified by a special mark following the eight digit
FPO number on the top of the package. For C-step
devices, this mark is a “C".

1. The following reserved op-codes do not generate
the unimplemented op-code interrupt: 1Ch, 1Dh,
1Eh, 1Fh, E3h, E4h, E6h, E8h, E9h, EAh, EBh and
Fih.
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