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ABDYANGE INFORMATION

8XC196KR/KQ/JR/JQ

COMMERCIAL/EXPRESS CHMOS MICROCONTROLLER
87C196KR/KQ/JR/JQ—16 Kbytes of On-Chip OTPROM
80C196KR/KQ/JR/JQ—ROMIess

® High Performance CHMOS 16-Bit CPU
B 16 MHz Operating Frequency

m Up to 488 Bytes of On-Chip Register
RAM

256 Bytes of Additional RAM
(Code or Data RAM)

Register-Register Architecture
8 Channel/10-Bit A/D with Sample/Hold

m High-Speed Peripheral Transaction

Server (PTS)

B Two Programmable 16-Bit Timer/

Counters with Prescale, Cascading,
Standard and Quadrature Counting
Inputs

10 High-Speed Capture/Compare (EPA)
Two Dedicated High Speed Compare
Registers

Two Flexible 16-Bit Timer/Counters

37 Prioritized Interrupt Sources ]
Up to Seven 8-Bit (56) I/0 Ports ® Quadrature Counting Inputs
;U:: gup:ex geﬂa:‘ 170 Port SLS:O')'%G m Flexible 8-/16-Bit External Bus
Pgrt (gglg; w{:;‘col;‘:;:::;d Braaud Rate m Programmable Bus (HOLD/HLDA)
Generators m 1.75 ps 16 x 16 Multiply
| Interprocessor Communication Slave B 3 ps 32/16 Divide
Port m Extended Temperature Available
® Watchdog Timer m 68-Pin and 52-Pin PLCC Packages
Device | Pins/Package | OTPROM | Reg RAM | Internal RAM | I/O | EPA | SIO | SSIO | A/D
87C196KR | 68 p PLCC 16K 512 256 s6 | 10 | ¥ Y 8
87C196KQ | 68 p PLCC 12K 384 128 56 10 [ v Y 8
87C196JR | 52 p PLCC 16K 512 256 41 6 Y Y 6
87C196JQ | 52 p PLCC 12K 384 128 41 Y Y 6
80C196KR | 68 p PLCC 0 512 256 56 10 Y Y 8
80C196KQ | 68 p PLCC 0 384 128 56| 10 | Y Y 8
80C196JR | 52pPLCC 0 512 256 41 Y Y 6
80C196JQ | 52 p PLCC 0 384 128 41 Y Y 6

The 87C196KR/KQ/JR/JQ devices represent the 4th generation of MCS® 96 products implemented on
intel's advanced 1 micron process technology. These products are members of the 80C196 family of devices
and the instruction set is the same as that of the 80C196KC. The 87C196JR is a 52-lead version of the
87C196KR device, while the 87C196KQ/JQ are memory scalars of the 87C196KR/JR.

The MCS 96 microcontroller family members are all high-performance microcontrollers with a 16-bit CPU. The
87C196KR is composed of the high-speed (16 MHz) core as well as the following peripherals: up to 16 Kbytes
of on-chip EPROM, up to 512 bytes of Register RAM, 256 bytes of Code RAM, an eight-channel 10-bit analog
to digital converter, an (8096 compatible) asynchronous/synchronous serial 1/0 port, an additional synchro-
nous serial |/O port, 10 modularized multiplexed capture and compare channsls (called the Event Processor
Array), a sophisticated prioritized interrupt structure with the programmable Peripheral Transaction Server
(PTS).
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Additional register space is ailocated for the EPA and can be windowed into the lower Register RAM area.

With the commercial (standard) temperature option, operational characteristics are guaranteed over the tem-
perature range of 0°C to +70°C. With the extended (Express) temperature range option, operational charac-
teristics are guaranteed over the temperature range of —40°C to +85°C. Unless otherwise noted, the specifi-
cations are the same for both options.

See the prefix identification for extended temperature designators.

E on=chip :
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Figure 1. Block Diagram
OFFFFH External 02018H CCBO
06000H Memory 02017H
O5FFFH Internal ROM/EPROM 02014H Reserved
02080H or External Memory 02013H Interrupt
0207FH Reserved 02000H Vectors (lower)
0205EH 01FFFH |
0205DH 5TS Vectore 01FO0H Internal SFRs
02040H 01EFFH External
0203FH Interrupt 00500H Memory
02030H Vectors (upper) 004FFH
0202FH ROM/EPROM 00400H Internal RAM
02020H Security Key 003FFH - External
0201FH Reserved 00200H Memory
0201BH Reserved (must contain 20H) 001FFH Register File
0201AH CCB1 18H
02019H Reserved (must contain 20H) ;3: CPU SFR's
NOTES:

1. Reserved memory locations must contain OFFH unless noted.

2. Reserved SFR bit locations must contain OH unless noted.

3. WARNING: Reserved memory locations must not be written or read. The contents and/or function of these locations may
change with future revisions of the device. Therefore, a program that relies on one or more of these locations may not
function praperly.
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Process Information

The 8XC196KR/JR/KQ/JQ is manufactured on PX29.5, a CHMOS IV process. Additional process and reliabil-
ity information is available in Intel's Components Quality and Reliability Handbook, Order Number 210997.

Table 1. Prefix Identification

Device Cor:lr:\:éclal E;t::eés
80C196KR N80C196KR *TN8OC196KR
80C196JR N80C196JR *TN8OC196JR
BOC196KQ N80C196KQ *TNBOC196KQ
B0C196JQ N80C196JQ *TNB0C196JQ
87C196KR N87C196KR *TN87C196KR
87C196JR N87C196JR *TNB87C196JR
87C196KQ N87C196KQ *TNB7C196KQ
87C196JQ N87C196JQ *TNB7C196JQ

*T = Extended Temperature, no burn-in.
Table 2. Thermal Characteristics
Package Oja Ojc
52.-Lead PLCC 35°C/W 12°C/W
68-Lead PLCC 35°C/W 13°C/W

All thermal impedance data is approximate for static air conditions at 1W of power dissipation. Values will
change depending on operating conditions and application. See Intel Packaging Handbook, (Order Number
240800) for a description of Intel’'s thermal impedance test methodology.
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*In earlier versions of documentation these pins were referred to as:
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Figure 2. Package Diagrams
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Figure 2. Package Diagrams (Continued)
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PIN DESCRIPTIONS

Symbol Name and Function

Vee Main supply voltage (+ 5V).

Vss Digital circuit ground (0V). There are three Vgg pins, all of which MUST be
connected.

VRer Reference for the A/D converter (+ 5V). VRgk is also the supply voltage to the
analog portion of the A/D converter and the logic used to read Port 0. Must be
connected for A/D and Port 0 to function.

ANGND Reference ground for the A/D converter. Must be held at nominally the same
potential as Vgs.

Vpp Programming voltage for the OTPROM parts. It should be + 12.5V for

programming. It is also the timing pin for the return from powerdown circuit. If this
function is not used, Vpp must be tied to Vcc.

ACHO-ACH7/PORTO

Analog inputs to the on-chip A/D converter.

AINC

Input to automatically increment the address when in Programming mode.

ALE/ADV/P5.0

Address Latch Enable or Address Valid output, as selected by CCR. Both pin__
options allow a latch to demultiplex the address/data bus. When the pin is ADV, it
goes inactive (high) at the end of the bus cycle. When the pin is ALE, the address
can be latched on the falling edge. ALE/ADV is active only during external memory
accesses. Can be used as standard 1/0 when not used as ALE.

o
I
m
)
-3

RH/P5.5

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. If the WRH
function is selected, 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 cycles. Can be
used as standard 170 when not used as BHE/WRH.

BREQ/P2.3

Bus Request output activated when the bus controller has a pending external
memory cycle. Can be used as standard 1/0 when not used as BREQ.

BUSWIDTH/P5.7

Input for bus width selection. If CCR bit 1 =1 and CCR1 bit 2= 1, this pin
dynamically controls the Bus width of the bus cycle in progress. If BUSWIDTH is
low, an 8-bit cycle occurs. If BUSWIDTH is high, a 16-bit cycle occurs. Can be used
as standard I/0 when not used as BUSWIDTH.

CLKOUT/P2.7

Output of the internal clock generator. The frequency is 14 the oscillator frequency.
It has a 50% duty cycle. Can be used as standard I/0 when not used as CLKOUT.

CPVER

Cumulative Program Verify output. Indicates when all EPROM locations program
correctly.

EA

Input for memory select (External Access). EA = 1 causes memory accesses from
locations 2000H to SFFFH to be directed to on-chip EPROM/ROM. EA=0 causes
all memory accesses 1o be directed to off-chip memory. EA= +12.5V causes
execution to begin in the Programming Mode. EA is latched at reset.

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

Event Processor Array pin for High Speed capture and compare. EPAQ and EPA2
also function as T2CLK and T2DIR. Can be used as standard I/0 when not used as
EPA or T2 clock functions.

EXTINT/P2.2 A positive transition on this pin causes a maskable interrupt vector through memory
location 203CH. May be used as standard /O if not used as EXTINT.

HLDA/P2.6 Bus Hold Acknowledge output indicating release of the bus. Can be used as
standard 1/0 when not used as HLDA.

HOLD/P2.5 Bus Hold input requesting control of the bus. Can be used as standard /0 when

not used as H ,

ADVANGE INFORMATION
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PIN DESCRIPTIONS (Continued)

Symbol Name and Function

INST/P5.1 Output high during an external memory instruction fetch. INST is valid throughout
the bus cycle. INST is low otherwise. Can be used as standard 1/0O when not used
as INST.

INTOUT/P2.4 Interrupt output indicating that a pending interrupt requires use of the externatl bus.
Can be used as standard I/0 if not used as INT%UT.

NM| A positive transition causes a non-maskable interrupt vector through memory
location 203EH. If not used, this pin should be tied to Vgg. May be used by Intel
Evaluation boards.

PACT Qutput that indicates when the device is currently programming itself. Not active
during slave programming.

PALE Input to latch the address during programming modes.

PMODE.0-PMODE.3 | Programming mode select inputs.

PORTO 8-bit high impedance input-only port. Also used as A/D converter inputs. Port 0 pins
should not be left floating. These pins are also used as inputs by EPROM parts to
select the Programming Mode.

PORTA 8-bit bidirectional standard |/0 port. All of its pins are shared with the EPA.

PORT2 8-bit bidirectional standard 1/0 port. All of its pins are shared with other functions
(TxD, RxD, EXTINT, BREQ, IN‘lPﬁUT, HOLD, HLDA, CLKOUT).

PORT3 8-bit bidirectional standard 1/0 with open drain outputs. These pins are shared with

PORT4 the multiplexed address/data bus which uses strong internal pullups.

PORTS 8-bit bidirectional standard 1/0 port. All of its pins are shared with other functions
(ALE/ADV, INST, WR/WRL, RD, SLPINT, BHE/WRH, READY, BUSWIDTH).

PORT6 8-bit bidirectional standard 1/0 port. All of its pins are shared with other functions
(EPAS, EPA9, T1CLK, T1DIR, SCO, SDO, SC1, SD1).

PROG Programming mode enable input.

PVER Program Verify output. Goes high after a byte/word is programmed to indicate a
successful operation.

RD/P5.3 Read signal output to external memory. RD is low only during external memory
reads. Can be used as standard I/0 when not used as RD.

READY/P5.6 Ready input to lengthen external memory cycles. If READY = 1, CPU operation
continues in a normal manner. If READY = 0 with the appropriate timings, the
memory controller inserts wait states until the next positive transition of CLKOUT
occurs with READY = 1. Can be used as standard {/0 when not used as READY.

RESET Resset input to and output from the chip. Held low for at least 16 state times to reset
the chip. The subsequent low to high transition resynchronizes CLKOUT and
commences a 10-state time sequence. Input high for normal operation. RESET has
an internal pullup.

RXD/P2.1 Receive data input pin for the Serial /O port. Can be used as standard 1/0 if not
used as RXD.

SLPCS Slave port chip select input pin. Can be used as standard 1/0 if not used as SLPCS.

SLPINT/P5.4 Slave Port Interrupt Output pin. Can be used as standard 1/0 when not used as
SLPINT.

SSI10/P6.4-6.7 Synchronous Serial 170 pins. SC0/SC1 serve as clock pins and SD0/SD1 are data

(SCO, SDO, SC1, SD1) | pins. Can be used as standard I/Q if not used for serial 1/0.

4-216
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PIN DESCRIPTIONS (Continued)
Symbol Name and Function

T1CLK/P6.2 TIMER1 Clock input. The timer increments or decrements on both positive and negative
edges. Can be used as standard 1/0 when not used as T1CLK.

T1DIR/P6.3 TIMER1 Direction input. The timer increments when this pin is high and decrements when
this pin is low. Can be used as standard I/0 when not used as T1DIR.

T2CLK/P1.0 TIMER2 Clock input. The timer increments or decrements on both positive and negative
edges. Can be used as standard 1/0 when not used as T2CLK.

T2DIR/P1.2 TIMER2 Direction input. The timer increments when this pin is high and decrements when
this pin is low. Can be used as standard |/0O when not used as T2DIR.

TXD/P2.0 Transmit data output pins for the Serial |/0 port. Can be used as standard |/0 if not used
as TXD.
WR/WRL/P5.2 | Write and Write Low output to external memory. WR will go low for every external write. .

WRL will go low only for external writes where an even byte is being written. WR/WRL is
active only during external memory writes. Can be used as standard 1/0 when not used as

WR/WRL.
XTAL1 Input of the oscillator inverter and the internal clock generator. This pin should be used
when using an external clock source.
XTAL2 Output of the oscillator inverter.
ADVANCE INFORMATION 4-217
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ELECTRICAL CHARACTERISTICS NOTICE: This data sheet contains information on
ABSOLUTE MAXIMUM RATINGS** products in the sampling and initial production phases
of development. It is valid for the devices indicated in
Storage Temperature .......... —60°Cto +150°C the revision history. The specifications are subject to
Ambient Temperature change without notice.
underBias.................. —55°Cto +125°C *WARNING.: Stressing the device beyond the “Absolute
EA Maximum Ratings” may cause permanent damage.
Vosageo:r:mGVIGB or EA to ~0.5V10 +13.0V These are stress ratings only. Operation beyond the
SSOTARBNL . vveeneeenn . ' “Operating Conditions” is not recommended and ex-
Voitage from Any Other Pin tended exposure beyond the “‘Operating Conditions"
toVggorANGND ............. —0.5Vto +7.0V may affect device reliability.
This includes Vpp on ROM and CPU devices.
Power Dissipation. ......................... 1.0W

{based on PACKAGE heat transfer limitations,
not device power consumption)

OPERATING CONDITIONS

Symbol Description Min Max Units

Ta Ambient Temperature under Bias Commercial Temp. 0 +70 °C |

Ta Ambient Temperature under Bias Extended Temp. —40 +85 °C |

Voo Digital Supply Voltage 4.50 5.50 v

VREF Analog Supply Voltage 4.50 5.50 v |

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

ANGND and Vgg should be nominally at the same potential.

DC CHARACTERISTICS (Over Specified Operating Conditions)(9)

Symbol Parameter Min Typ(6) Max Units Test Conditions

Vi Input Low Voltage -0.5V 0.3 Ve \
(All Pins)

ViH Input High Voltage 0.7 Vce Veg + 051 V

VoL Output Low Voltage 0.3 V | lgL = 200 pAG. 5 |
(Outputs Configured 0.45 \ loL = 3.2mA
as Push/Pull) 1.5 A loL = 7.0 mA

Vo Output High Voltage | Vgc — 0.3 V | lon = —200 pAR.58)
{Outputs Configured | Voo — 0.7 V |[loy= —-32mA
as Push/Pull} Veec — 1.5 v loH= —7.0mA

Vou2 Output High Voltage Ve — 1V v lon = —15 pAll.?)
in RESET

Iu Input Leakage Current +10 pA | Vgg < Viy < Vg ~ 0.3V()
(Std. Inputs)

I Input Leakage Current +1 +3 pA | Vgs < VIN < VREF
(Port 0—A/D Inputs)

lin Input High Current +175 pA | Vgg < VN < Vo — 0.3v(10)
(NMI)

4-218 ADVANCE INFORMATION
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DC CHARACTERISTICS (Over Specified Operating Conditions)9) (Continued)

Symbol Parameter Min | Typ(6) | Max | Units Test Conditions
lce Vee Supply Current 60 75 mA | XTAL1 = 16 MHz,
Vce = Vpp = VRer = 5.5V
{While Device in Reset)
IREF A/D Reference Supply 2 5 mA
Current
liDLE Idle Modse Current 15 30 mA | XTAL1 = 16 MHz,
Ve = Vpp = VRrer = 5.5V
IpD Powerdown Mode Vee = Vpp = VRer = 5.5V
Current(®) S0 | TBD| wA
RRsT Reset Pullup Resistor 6K 65K (4]
Cs Pin Capacitance 10 pF | FresT = 1.0 MHz
(Any Pin to Vsg)
Rwpu Woeak Pullup Resistance (Approx) 150K [} (6)
NOTES:
1. All BD (Bidirectional) pins except INST and CLKOUT. BD pins include Port1, Port2, Port3, Port4, Port5 (as a port), and
Port6. :

2. Standard Input pins include XTAL1, EA, RESET, and Port 1/2/3/4/5/6 when setup as inputs.

3. All Bidirectional 170 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 I /lgH 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 = Vgc = 5.0V.

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

8. This specification applies to P3/4 only when used as an address bus supplying the address.

9. All voltages are referenced relative to Vgg. When used, Vgg refers to the device pin.

10. Worst case is at upper limit of test conditions.

Icc vs Frequency

8o loc MAX

70

1] /

P
50 lec typical
lec . /
(mA)
% P
/ / Ldle MAX
20 I, typical
J, -~ idle

10 ,/

0
. 4 MHz 10 MHz 16 MHz 2700124

NOTES:

- lcg Max = 3.88 X FREQ + 13.43
i kgie Max = 1,65 X FREQ + 2.2
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AC CHARACTERISTICS (Over Specifisd 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 87C196KR/KQ/JR/JQ:

Symbol Parameter Min Max Units
Tavyv Address Valid to READY Setup 2Tosc—75 ns()
Tuyv ALE Low to READY Setup Tosc—70 ns(2)
TYLYH Non READY Time No Upper Limit ns
ToLyx READY Hold after CLKOUT Low 0 Tosc—30 ns(1. 2)
TLLyx READY Hold after ALE Low Tosc—15 2 Tosc—40 ns(t. 2)
Tavay Address Valid to Buswidth Setup 2Tosc—75 ns(2)
Tiav ALE Low to Buswidth Setup Tosc—60 ns(?
TcLgx Buswidth Hold after CLKOUT Low 0 ns(@
Tavov Address Valid to input Data Valid 3 Tosc—55 ns
Tawov RD Active to Input Data Valid Tosc—22 ns
TcLpv CLKOUT Low to Input Data Valid Tosc—50 ns
TRHDZ End of RD to Input Data Float Tosc ns
TRXDX Data Hold after RD Inactive 0 ns
NOTE:

1. if max is exceeded, additional wait states will occur.
2. Does not apply to JR/JQ.

“2mm 4826175 QLUL838 597 Em ADVANGCE INFORMATION
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AC CHARACTERISTICS (Over Specified Operating Conditions)
Test Conditions: Capacitance Load on All Pins = 100 pF, Rise and Fall Times = 10 ns.

The 87C196KR/KQ/JR/JQ will meet these specifications.

Symbol Parameter Min Max Units

FxTaL Oscillator Frequency 4.0 16.0 MHz(1)

Tosc Oscillator Period (1/Fxtal) 62.5 250 ns

TXHCH XTAL1 High to CLKOUT High or Low , 20 110 ns(2)

TeLeL CLKOUT Period 2Tosc ns

TcHeL CLKOUT High Period Tosc— 10 Tosct 15 ns

TowH CLKOUT Falling Edge to ALE Rising —-10 15 ns

TucH ALE/ADV Falling Edge -20 15 ns
to CLKOUT Rising

TLHLH ALE/ADV Cycle Time 4 Tosc ns(5)

TLHLL ALE/ADV High Period Tosc—10 Tosc+ 10 ns

TaviL Address Setup to ALE/ADV Tosc—15 ns
Falling Edge

TLLAX Address Hold after ALE/ADV Tosc—40 ns
Falling Edge

TuRL ALE/ADV Falling Edge to Tosc—30 ns
RD Falling Edge

TRLCL RD Low to CLKOQUT Falling Edge 4 30 ns

TALRH RD Low Period Tosc—5 ns(5)

TRHLH RD Rising Edge to Tosc Tosct+25 ns(@
ALE/ADV Rising Edgs

TRLAZ RD Low to Address Float ‘ 5 ns

TLowL ALE/ADV Falling Edge Tosc—10 ns
to WR Falling Edge

ToLwL CLKOUT Low to -5 25 ns
WR Falling Edge

TavwH Data Stable to WR Rising Edge Tosc—23 ns

TcHwH CLKOUT High to WR Rising Edge -10 15 ns

TwLwH WR Low Period Tosc—30 ns(5)

TwHOX Data Hold after WR Rising Edge Tosc—25 ns

TwWHLH WR Rising Edge to ALE/ADV Tosc—10 Tosct15 ns(3)
Rising Edge

TWHBX BHE, INST Hold after WR Rising Edge Tosc—10 ns(6)

TWHAX AD8-15 Hold after WR Rising Edge Tosc—30(4) ns

TRHBX BHE, INST Hold after RD Rising Edge Tosc—10 ns(6)

TRHAX AD8-15 Hold after RD Rising Edge Tosc—304) ns

TeviL BHE Valid to ALE Faliing Edge Tosc — 15 ns(6)

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. B-bit bus only.

5. If wait states are used, add 2 Togc X n, where n = number of wait states,

6. Does not apply to JR/JQ.
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System Bus Timing

Tosc
waL /" ——/
| Terer TxucH TeHer
cLKOUT
e TeLLh Teeen
TLHLH

ALE _/ \ J'—-_—\_

TLHLL LTC TRLRH TRHLK —>
RO N
TRLAZ - h
TaviL Tieax RLOV Trupz =

ADDRESS OUT

j.—‘ DATA

220

Tavov

TwHLH ™

Tuw i Twiw
W 4 4

le— Tavwn —==—Twriox |
ADDRESS OUT DATA p ¢ ADDRESS OUT

|-—— Twnex ©7 Taugx

BHE, INST VALID )(

fe————=] TwHax " TrHaX
ans-15 ={

ADDRESS OUT X

270912-5

Buswidth Timings

Tosc
S~ — ][\ SN\
} - TeLoL— TxHeH F‘cnaq
CLKOUT}_j_“
TeLLn Toovx

ALE } '\

[ \

/T

BUS —4 ADDRESS OUT )— -{ DATA I ‘
Ty TeLvx |
READY TyLyn
TAV YV TeLex
Tavey
BUSWIDTH N
Tiiey
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HOLD/HLDA Timings
Symbol Description Min Max Units Notes
THVCH HOLD Setup 85 ns (1,2)
TCLHAL CLKOUT Low to HLDA Low —15 15 ns 2)
TcrerL CLKOUT Low to BREQ Low -15 15 ns 2
TAZHAL HLDA Low to Address Float 25 ns 2)
TeZHAL HLDA Low to BHE, INST, RD, WR Weakly Driven 25 ns ®
TCLHAH CLKOUT Low to HLDA High -15 15 ns 2
TcLBRH CLKOUT Low to BREQ High -15 15 ns @
THAHAX HLDA High to Address No Longer Float —-15 ns (4]
Tuangy | HLDA High to BHE, INST, RD, WR Valid —10 ns )
TowH CLKOUT Low to ALE High —10 | 15 ns

NOTE:

1. To guarantee recognition at next clock.
2. Does not apply to JR/JQ.

HOLD LATENCY

Max

Internal Access 1.5 States

16-Bit External Execution 2.5 States

8-Bit External Execution 4.5 States

DC SPECIFICATIONS IN HOLD
Parameter Min Max Units

Weak Pullups on ADV, RD, WR, WRL, BHE 50K 250K Voe = 5.5V, Vi = 0.45V
Weak Pulidowns on ALE, INST 10K 50K Veoe = 5.5V, VN = 24V

LATENCY
HOLD
[ s
r 3T

TotkaL —{ fe— TeLHAH = e
‘
{ et e ]
ALDA -\\ » /
4%
ToLorl, —] |e— TeLORH =] |
I e} { !
BReQ \ £t J
r 2 B
ThaLAZ —»| I-— L P

ws — X ; X

Tuataz —* [+
BHE, INST Y ol . Y
RD, WR A3 ! 4 L) ’

1%
th T 1
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EXTERNAL CLOCK DRIVE

intgl.

Symbol Parameter Min Max Units
1/Tyxe Oscillator Frequency 4.0 16 MHz
Txuxe Oscillator Period (Tosc) 62.5 250 ns
TxHxX High Time 0.35 Tpsc 0.65 Tosc ns
Txixx Low Time 0.35Tosc 0.65 Tosc ns
TxLxH Rise Time 10 ns
TXHXL Fall Time 10 ns
EXTERNAL CLOCK DRIVE WAVEFORMS
Txuxx Txrxe
0.7¥cc*0.5Y 707V #0.5V — T 0.7V c+0.5V
0.3V¢cc=0.5V |/ 0.3vc-0.5v
TxLxe 1
270912-8

EXTERNAL CRYSTAL CONNECTIONS

EXTERNAL CLOCK CONNECTIONS

¢t Voo
XTAL1
4.7¢*
EXTERNAL )
ves || = 8XC196KR/KQ/IR/JQ CLOCK INPUT XTAL1
\ .
XTAL2 clock driver BXC196KR/KQ/JR/JQ
c2
no connect === XTAL2
Quartz Crystal
270912-16 270912-17
*Required if TTL driver used.
NOTE: Not needed if CMOS driver is used.
Keep oscillator components close to chip and use
short, direct traces to XTAL1, XTAL2 and Vgg. When
using quartz crystals, typically C1 = 22 pF and C2 =
22 pF. When using ceramic resonators, consult manu-
tacturer for recommended circuitry.
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AC TESTING INPUT, OUTPUT WAVEFORMS

8XC196KR/8XC196KQ/8XC196JR/8XC196JQ

FLOAT WAVEFORMS

INPUTS OUTPUTS
3.5V § [; T
TEST POINTS < ’
_ . 0.8¥
0.45V 1 e
270912-9
NOTE:

AC Testing Inputs are driven at 3.5V for a logic *1” and
0.45V for a logic “0". Timing measurements are made
at 2.0V for a logic 1" and 0.8V for logic “0".

VLOAD*0-15Y VoH=0.15V
VLoAD :>nmm; gIENth::ENCE <:>
Yioap=0-15Y Vg #0.15V
270912-10
NOTE:

For Timing Purposes a Port Pin is no longer floating
when a 150 mV change from Load Voltage Occurs and
Begins to Float when a 150 mV change from the Load-
ing Vor/VoL Levet occurs lg /lon < 15 mA.

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.

Conditions: Signals:

H— High A— Address

L— Low 8— BHE

V— Valid BR— BREQ

X— No Longer Valid C— CLKOUT

Z— Floating D— DATA
G— Buswidth
H— HOLD
HA— HLDA

L— ALE/ADV

Q— Data Out
R--RD

W— WR/WRH/WRI
X— XTAL1

Y— READY

AC CHARACTERISTICS—SERIAL PORT—SHIFT REGISTER MODE (MODE 0)

SERIAL PORT TIMING—SHIFT REGISTER MODE (Over Specified Operating Conditions)

Test Conditions: Load Capacitance = 100 pF

Symbol Parameter Min Max Units
Txuxy | Serial Port Clock Period 8 Tosc ns
TxLXH Serial Port Clock Falling Edge to Rising Edge 4Tosc—50 [ 4Tosct50 ] ns
TavxH | Output Data Setup to Clock Rising Edge 3Tosc ns
Txnax | Output Data Hold after Clock Rising Edge 2 Tosc—50 ns
TxHav | Next Output Data Valid after Clock Rising Edge 2Tosct50| ns
Tovxs | Input Data Setup to Clock Rising Edge 2 Tosc+ 200 ns
TxHox | Input Data Hold after Clock Rising Edge 0 ns
Txugz | Last Clock Rising to Qutput Float 5Tosc ns
ADVYANGE INFORMATION 4-225
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WAVEFORM—SERIAL PORT—SHIFT REGISTER MODE (MODE 0)

SERIAL PORT WAVEFORM~SHIFT REGISTER MODE

= T —
wo L LT L L L T L LT
Tavxn~ "' | Tewn ! l" Txuovl"‘l - [ Txwox Tavaz ! l"
RXD 5 X 8 X 7

(ouT) 1 X2 X 3 X _+ X
el I @ 70,45 I 6 I @ D @ I 4 O @ ID

Tovxu=] |" "l I Txuox
270912-14

ATOD

The speed of the A/D converter in the 10-bit or 8-bit
modes can be adjusted by setting the AD_TIME
special function register to the appropriate value.
The AD__TIME register only programs the speed at
which the conversions are performed, not the speed
it can convert correctly.

The converter is ratiometric, so absolute accuracy is

A/D CONVERTER SPECIFICATION

After a conversion is started, the device is placed in
the IDLE mode until the conversion is complete.
Testing is performed at Vrgr = 5.12V.

There is an AD__TEST register that allows for con-
version on ANGND and VRrer as well as zero offset
adjustment. The Absolute Error listed is WITHOUT
doing any adjustments.

dependent on the accuracy and stability of VRer.
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10-BIT A/D OPERATING CONDITIONS(1)

8XC196KR/8XC196KQ/8XC196JR/8XC196JQ

Symbol Description Min Max Units
Ta Ambient Temperature Commercial Temp. 0 +70 °C
Ta Ambient Temperature Extended Temp. ~40 +85 °C
Vee Digital Supply Voltage 4.50 5.50 v
VREF Analog Supply Voltage 4.50 5.50(2) v
TsaMm Sample Time 20 ps®
Tconv Conversion Time 16.5 195 psd
Fosc Oscillator Frequency 4 16 MHz
NOTES:
1. ANGND and Vgg should nominally be at the same potential.
2. Vrer must not exceed Vcc by more than +0.5V.
3. The value of AD_TIME is selected to meet these specifications.
10-BIT MODE A/D CHARACTERISTICS (Over Specified Operating Conditions)
Parameter Typical (1) Min Max Units*
Resolution 1024 1024 Level
10 10 Bits
Absolute Error 0 +3 LSBs
Full Scale Error 0.25 £0.5 LSBs
Zero Offset Error 0.25 0.5 LSBs
Non-Linearity 1.0 £2.0 '+3 LSBs
Differential Non-Linearity > —05 +0.5 LSBs
Channel-to-Channel Matching +0.1 0 +1 LSBs
Repeatability +0.25 0 LSBs
Temperature Coefficients:
Offset 0.009 LSB/C
Fuliscale 0.009 LSB/C
Differential Non-Linearity 0.009 LSB/C
Off Isolation —60 dB(2.3)
Feedthrough —60 dB(2)
Vg Power Supply Rejection —60 dB(@
Input Series Resistance 750 1.2K )
Voltage on Analog Input Pin ANGND — 0.5 Vrer + 0.5 Vv
Sampling Capacitor 2 pF
DC Input Leakage 0 +3 mA

NOTES:

*An “LSB"”, as used here, has a value of approximately 5 mV. (See Embedded Microcontroliers and Processors Handbook
for A/D glossary of terms). '

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

ADVANGCE [INFORMATION
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8-BIT A/D OPERATING CONDITIONS(1)

Symbol Description Min Max Units
Ta Ambient Temperature Commercial Temp. 0 +70 °C
Ta Ambient Temperature Extended Temp. —40 +85 °C
Vee Digital Supply Voltage 4.50 5.50 v
VREF Analog Supply Voltage 4,50 5.50(2) v

- TsaMm Sample Time 2.0 us
Tcony Conversion Time 16.5 19.5 ps@
Fosc Oscillator Frequency 4 16 MHz

NOTES:

1. ANGND and Vgg should nominally be at the same potential.
2. Vrer must not exceed Vg by more than +0.5V.
3. The value of AD_TIME is selected to meet these specifications.

8-BIT MODE A/D CHARACTERISTICS (Over Specified Operating Conditions)

The 8-bit mode trades off resolution for a faster conversion time. The AD__TIME register must be used when
performing an 8-bit conversion.

Parameter Typ(t) Minimum Maximum Units* Notes
Resolution 256 256 Levels
8 8 Bits .

Absolute Error 0 t2 LSBs
Full Scale Error 0.5 LSBs ‘
Zero Offset Error 105 LSBs |
Non-Linearity 0 t2 LSBs |
Differential Non-Linearity Error > -1 +1 LSBs ‘
Channel-to-Channel Matching 1 LSBs
Repeatability +0.25 LSBs
Temperature Coefficients:

Offset 0.003 LSB/°C

Full Scale 0.003 LSB/°C

Differential Non-Linearity 0.003 LSB/°C
Off Isotation -60 dB(2.3)
Feedthrough —60 dB(2)
Ve Power Supply Rejection -~ 60 ds(@
Input Series Resistance 750 1.2K 0
Voltage on Analog Input Pin ANGND — 0.5 VRer + 0.5 v |
Sampling Capacitor 2 pF
DC Input Leakage 0 3 pA

NOTES:

‘An “LSB", as used here, has a value of approximately 20 mV.

1. Typical values are expected for most devices at 25°C.

2. DC to 100 KHz.

3. Multiplexer Break-Before-Make Guaranteed.

4. Resistance from device pin, through internat multiplexer, to sample capacitor.
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OTPROM PROGRAMMING
OPERATING CONDITIONS DURING PROGRAMMING(3)

Symbol Description Min Max Units
Ta Ambient Temperature during Programming 20 30 °C
Vee Supply Voltage during Programming 45 5.5 v
VREerF Reference Supply Voltage during Programming 45 55 v
Vpp Programming Voltage 12.256 12.76 v
VEA EA Pin Voltage 12.25 12.75 V2
Fosc Oscillator Frequency during Auto and

Slave Mode Programming 6.0 8.0 MHz
Fosc Oscillator Frequency during

Run-Time Programming 6.0 120 MHz

NOTES:

1. Ve 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. Vgg and ANGND should nominally be at the same potential (OV).

AC OTPROM PROGRAMMING CHARACTERISTICS

Symbol Description Min Max Units
TaviL Address Setup Time 0 Tosc
TLLAX Address Hold Time 100 Tosc
ToveL Data Setup Time 0 Tosc
TrLOX Data Hold Time 400 Tosc
TLLLH PALE Puise Width 50 Tosc
TrLPH PROG Puise Width(1) 50 Tosc
TLHPL PALE High to PROG Low 220 Tosc
TPHLL PROG High to Next PALE Low 220 Tosc
TpHDX Word Dump Hold Time 50 Tosc
TeHPL PROG High to Next PROG Low 220 Tosc
TiHpPL PALE High to PROG Low 220 Tosc
TeLov 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
TiuH AINC Pulse Width 240 Tosc
TiLvH PVER Hold after AINC Low 50 Tosc
TieL AINC Low to PROG Low 170 Tosc
TpHVL PROG High to PVER Valid 220 Tosc
NOTE: ’
1. This specification is for the word dump mode. For programming pulses use 100 us.
ADVANGE INFORMATION 4-229
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DC OTPROM PROGRAMMING CHARACTERISTICS

Symbol Parameter Min Max Units

Ipp Vpp Programming Supply Current 100 mA
NOTE:
Do not apply Vpp until Vo is stable and within specifications and the oscillator/clock has stabilized or the device may be
damaged.

OTPROM PROGRAMMING WAVEFORMS

SLAVE PROGRAMMING MODE DATA PROGRAM MODE WITH SINGLE PROGRAM PULSE

RESET /
TaviL —] Tover |+—
PORTS )
s/ — ADDRESS/COMMAND DATA e ADDRESS/COMMAND )—
TsnLL TLax TeLox
PALE
P2.1 e——
= Tiuim TunpL TeLpH TeuLL
FROG \
P2.2
e—Tprvi, —*
PVER \ VALID /
TLvH 270912-11

SLAVE PROGRAMMING MODE IN WORD DUMP OR DATA VERIFY MODE WITH AUTO INCREMENT

RESEY y
—
ADDR ADDR + 2
e e
TsHiL TeLov —

PALE \ /

P2.1

FROG |
p2.2 |

TipL M Toup —*
AINC
P2.4
270912-12
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8XC196KR/8XC196KQ/8XC196JR/8XC196JQ

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

RESET ’
PORTS
s

DATA

PALE
P2.1

b Tourt Tum,
PROG
P2.2 \_L_/’ F2

TiLvi |‘—
PVER VAUD
bre \ VALID FOR P1 ol P2
Tiuw
NG
P2.4 .
e LY 270912-13

87C196KR/87C196JR ERRATA

1. lgn2
Current devices do not meet the test condition
for Vonz of —16 pA. Instead the devices are
guaranteed to source a minimum of —6 pA.

87C196KR/87C196JR DESIGN
CONSIDERATIONS

1. EPA Timers

Special care must be taken when resetting/writ-
ing the EPA timers. This is more of a software
technique than a device errata. For example:
The EPA timers do not generate a “time valid”
signal when the counter is either reset or writ-
ten. This means that if a compare event is pro-
grammed in the EPA/Compare channel for a
value of “0000H” (when reset) or equal to a
written value, the compared event will NOT hap-
pen. However, if the timers are allowed to incre-
ment/decrement to that value, that compare
event WILL occur.

2. Port 6.4, 6.5, 6.6, 6.7

The user is not allowed to modify the P6_REG
register when these pins are configured as Spe-
cial Function P6_MODE.x = 1). During soft-
ware manipulation of these registers, it is a good
practice to first change the P6_MODE register,
then modify the PE__REG register when switch-
ing from SF to LSIO.

ADVANGCE INFORMATION

3. P2.7 (CLKOUT)

Port 2.7 (CLKOUT) does not operate in open
drain mode.

. Current versions of the 8XC196KQ/JQ are fabri-

cated with 16K of internal OTPROM, 512 bytes
of register RAM, and 256 bytes of internal RAM.
The memory map of the 8XC196KQ/JQ is identi-
cal to the 8XC196KR/JR. However, the extra
memory locations are not tested and should not
be used. Intel may disable this extra memory on
future versions of the 8XC196KQ/JQ. Any soft-
ware that relies on reading or writing these ioca-
tions may not function correctly on future devic-
es.

Two steps the user should always incorporate to
insure future compatibility are:

A) The program must contain a jump to a loca-
tion greater than 16K before the 12K bounda-
ry is reached. This is necessary only if greater
than 12K of program memory is required and
portions of the program executes from inter-
nal OTPROM.

B) Use program memory from 12K to 16K only if
EA is tied to ground. Never use data memory
from 180H to 1FFH or from 480H to 4FFH.

4-231
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52-LEAD DEVICES

Intel offers a 52-lead version of the 87C196KR de-
vice: the 87C196JR and 87C196JQ devices.

It is important to point out some functionality differ-
ences because of future devices or to remain soft-
ware consistent with the 68-lead device. Because of
the absence of pins on the 52-lead device some
functions are not supported.

52-Lead Unsupported Functions:
Analog Channels 0 and 1
INST Pin Functionality
SLPINT Pin Support
HLD/HLDA Functionality
External Clocking/Direction of Timer1
WRH or BHE Functions
Dynamic Buswidth
Dynamic Wait State Control

The following is a list of recommended practices
when using the 52-lead device:

(1) External Memory. Use an 8-bit bus mode only.
There is neither a WRH or BUSWIDTH pin. The
bus cannot dynamically switch from 8- to 16-bit
or vice versa. Set the CCB bytes to an 8-bit only
mode, using WR function only.

Wait State Control. Use the CCB bytes to con-
figure the maximum number of wait states. If the
READY pin is selected to be a system function,
the device will lockup waiting for READY. If the
READY pin is configured as LSIO {default after
RESET), the internal logic will receive a logic
“0" level and insert the CCB defined number of
wait states in the bus cycle. DON'T USE IRC =
1117,

@

~

4-232
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(3) NMI Support. The NMI is not bonded out. Make
the NMI vector at location 203Eh vector to a

Return instruction. This is for glitch safety pro-
tection only.

(4) Auto-Programming Mode. The 52-lead device
will ONLY support the 16-bit zero wait state bus
during auto-programming.

(5) EPA4 through EPA7. Since the JR and JQ de-
vices use the KR silicon, these functions are in
the device, just not bonded out. A programmer
can use these as compare only channels or for
other functions like software timer, start and
A/D, or reset timers.

(6) Slave Port Support. The Slave port can still be
used on the 52-lead devices. The only function
removed is the SLPINT output function.

(7) Port Functions. Some port pins have been re-
moved. P5.7, P5.6, P5.5, P5.1, P6.2, P6.3, P1.4
through P1.7, P2.3, P2.5, P0.0 and P0.1. The
Px__REG, Px_MODE, and Px_DIR registers
can still be updated and read. The programmer
shoulid not use the corresponding bits associat-
ed with the removed port pins to conditionally
branch in software. Treat these bits as RE-
SERVED.

Additionally, these port pins should be setup in-
ternally by software as follows:

1. Written to Px__REG as “1” or “0”.
2. Configured as Push/Pull, Px__DIR as "'0".
3. Configured as LSIO.

This configuration will effectively strap the pin
either high or low. DO NOT Configure as
Open Drain output 1", or as an Input pin.
This device is CMOS.
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REVISION HISTORY

This data sheet (270912-003) supercedes 270912-
002 and is valid for devicas with a "C"” at the end of
the topside tracking number. Data sheets are
changed as new device information becomes avail-
able. Verify that you have the latest version before
finalizing a design or ordering devices.

1. Removed the following errata:
Slave Programming Mode
EPA_MASK1/EPA_PEND1
BMOVI
PTS and Other Interrupts
Serial Port Framing Error
Remap Mode on EPA3
A/D Abort
PTS/NMI Conflict
Data QOutput Register Cleared
Divide Error during HOLD/READY
SIO Mode 0
EPAIPV Multiplied by Two
{These were fixed on the C-step)

2. Moved the following from Errata to Design Con-
siderations:

EPA Timers
Port 6.4, 6.5, 6.6, 6.7 (and reworded)
P2.7 (CLKOUT)
Oscillator Noise Sensitivity
3. Added New Errata:
loHz (also existed on A-step)

4. Added SLPCS to Package Diagrams and Pin De-
scriptions

5. Added Tgy
6. Added ||y for NMI

7. Added notes to AC Characteristics identifying
specifications that do not apply to JR/JQ

8. Changed Tg 4 from —5 ns to —10 ns under
HOLD/HLDA Timings

9. Changed ThycH from 55 ns to 65 ns
10. Changed TazHaL from 10 ns to 25 ns
11. Changed TgzyaL from 10 ns to 25 ns
12. Changed Icc (max) from 70 mA to 75 mA

13. Changed Igc formula from (3.88 X Freq + 8.43)
to (3.88X Freq + 13.43)

14. Changed Vo2 test point from —50 pA to
—15 pA
15. Changed Note 1 in DC parameters

ADVYANCE INFORMATION
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16. Changed External Clock min/max, high/low
times from percentage to ratio of Togc

17. Removed NM! from standard inputs (Note 2 un-
der DC Characteristics)

18. Removed Vg 1 spec
19. Removed Ty gy
20. Added JQ/KQ design consideration

Data sheet 270912-002 supercedes 270912-001
and is valid for devices with an “A"" at the end of the
topside tracking number.

1. Removed:
CPU features descriptions
Peripheral features descriptions
SFR Operation (placed in Quick Reference)
SFR Maps (placed in Quick Reference)
SFR Bit Maps (placed in Quick Reference)
h in DC Characteristics
TeHaL Max and T gry Max

Incorrect Sample and Convert time table from
8-bit A/D

2. Added:
Express options
Bullets on front page
Memory Map
Process Information
Prefix Identification
Thermal Characteristics

Programming functions to pin-out and pin de-
scriptions

Ambient Temperature under Bias to Absolute
Maximum Ratings

Note relating to Power Dissipation in Absolute
Maximum Rating

Notes 8 and 9 to DC Characteristics

ToLey to AC Characteristics

Title to Buswidth timing diagram

TyLyH to Buswidth timing diagram

Hold latency spec

External Crystal Connection diagram
External Clock Connection diagram

10-bit A/D Operating Conditions Table

Title to 10-bit and 8-bit mode A/D Characteristics
Voltage on Analog input Pin specification
Sampling Capacitor typical value

Note 4 to 10-bit and 8-bit A/D Specifications
B-bit A/D Operating Conditions Table
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Off isolation, Feedthrough, Voo Power Supply
Rejection, Input Series Resistance, Voltage on
Analog Input Pin, Sampling Capacitor and DC In-
put Leakage to 8-bit A/D specifications

Notes 1, 2 and 3 to EPROM Programming Condi-
tions

New Errata (Items 10 to 16)

. Changed:

Title of data sheet from "8XC196KR/KQ/JR/JQ
16-BIT HIGH PERFORMANCE CHMOS MICRO-
CONTROLLER” to “8XC196KR/KQ/JR/JQ
COMMERCIAL/EXPRESS CHMOS MICROCON-
TROLLER”

Several bullets on cover sheet

Register RAM numbers in table on front page to
match device

Operating conditions to tabular format

Note 1 in DC Characteristics to include Ports 3
and 4

intal.

Format of symbols in AC Characteristics
TcoLcH to TeLww in System Bus Timing diagram
TxLxL Max from 286 ns to 250 ns

TxnHxx from Togc — 44 ns to 35%/65%
Txixx from Tosc — 44 ns to 356%/65%
TxLxH from Togc — 50 nsto 10 ns

TxmxL from Togc — 50 nsto 10 ns

AC Testing Input, Output Waveform

Introductory text on A to D Characteristics and
Converter Specification

DC Input Leakage from =1 pAto £3 pAin A/D
Specifications.

Power Dissipation from 0.5W to 1.0W.

Wording in Float Waveform from 100 mV to
150 mV.

EPROM Programming Characteristics to Operat-
ing Conditions table.

0 to Vgg for I; and Ij4 in DC Characteristics Data sheet (270912-001) is valid for devices with an
“A" at the end of the topside tracking number. This

is the first version of the data sheet.
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