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87C196KR/KQ 87C196JV/JT 87C196JR/JQ

ADVANCED 16-BIT CHMOS MICROCONTROLLER

Automotive
H —40°C to +125°C Ambient m High Speed Peripheral Transaction
m High Performance CHMOS 16-Bit CPU Server (PTS)
m Up to 48 Kbytes of On-Chip EPROM m Two 16-Bit Software Timers
m Up to 1.5 Kbytes of On-Chip Register m 10 High Speed Capture/Compare (EPA)
RAM m Full Duplex Synchronous Serial 1/0
m Up to 512 Bytes of Additional RAM Port (SSI0)
(Code RAM) m Two Flexible 16-Bit Timer/Counters
m Register-Register Architecture m Quadrature Counting Inputs
m Up to 8 Channel/10-Bit A/D with m Flexible 8-/16-Bit External Bus
Sample/Hold m Programmable Bus (HLD/HLDA)
m Up to 37 Prioritized Interrupt Sources m 1.75 ps 16 x 16 Multiply
m Up to Seven 8-Bit (56) 1/0 Ports m 3 us 32/16 Divide
® Full Duplex Serial 1/0 Port m 68-Pin and 52-Pin PLCC Packages
m Dedicated Baud Rate Generator
m Interprocessor Communication Slave
Port
Device Pins/Package | EPROM | Reg RAM | Code RAM | I/0 | EPA | SIO | SSIO | A/D
87C196KR | 68-pin PLCC 16K 488 256 56 10 Y Y 8
87C196KQ | 68-pin PLCC 12K 360 128 56 10 Y Y 8
87C196JV | 52-pin PLCC 48K 1.5K 512 41 6 Y Y 6
87C196JT 52-pin PLCC 32K 1.0K 512 41 6 Y Y 6
87C196JR | 52-pin PLCC 16K 488 256 41 6 Y Y 6
87C196JQ | 52-pin PLCC 12K 360 128 41 6 Y Y 6

The 87C196KR/KQ JV/JT JR/JQ devices represent the fourth generation of MCS® 96 Microcontroller prod-
ucts implemented on Intel’s advanced 1 micron process technology. These products are based on the
80C196KB device with improvements for automotive applications. The instruction set is a true super set of
80C196KB. The 87C196JR is a 52-pin version of the 87C196KR device, while the 87C196KQ/JQ are memory
scalars of the 87C196KR/JR.

The 87C196JV/JT A-step devices (JV-A, JT-A) are the newest members of the MCS 96 microcontroller family.
These devices are memory scalars of the 87C196JR D-step (JR-D) and are designed for strict functional and
electrical compatibility. The JT-A has 32 Kbytes of on-chip EPROM, 1.0 Kbytes of Register RAM and 512
bytes of Code RAM. The JV-A has 48 Kbytes of on-chip EPROM, 1.5 Kbytes of Register RAM and 512 bytes
of Code RAM.

*Other brands and names are the property of their respective owners.

Information in this document is provided in connection with Intel products. Intel assumes no liability whatsoever, including infringement of any patent or
copyright, for sale and use of Intel products except as provided in Intel’s Terms and Conditions of Sale for such products. Intel retains the right to make
changes to these specifications at any time, without notice. Microcomputer Products may have minor variations to this specification known as errata.

COPYRIGHT © INTEL CORPORATION, 1995 November 1995 Order Number: 270827-006






u
Inte|® 87C196KR/KQ 87C196JV/JT 87C196JR/JQ

SFR OPERATION

An additional 256 bytes of SFR registers were add- (1FO0-1FFFH) has the ability to be addressed as
ed to the 8XC196KR devices. These locations were direct 8-bit addresses through the “windowing”
added to support the wide range of on-chip peripher- technique. Any 32-, 64- or 128-byte section can be
als that the 8XC196KR has. This memory space relocated in the upper 32, 64 or 128 bytes of the
internal register RAM (080-FFH) address space.
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Figure 1. Block Diagram

Product Designation

Product Family
CHMOS Technology
Program Memory Options:

0 = ROMless
3 = Masked ROM
7 = EPROM, OTP, QROM

Package Type Options:

N = PLCC
(plastic leaded
chip cqrrier)

Temperature and Burn-in
Options:
A= -40°C to +125°C
ambient with

Intel Standard Burn-in 270827-15

Figure 2. The 8XC196KR Family Nomenclature
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Figure 3. Package Diagrams
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PIN DESCRIPTIONS

Symbol

Name and Function

Ve

Main supply voltage (+ 5V).

Vss, Vss, Vss

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

VREF

Reference for the A/D converter (+ 5V). VRef 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.

Vpp

Programming voltage for the EPROM parts. It should be +12.5V for
programming. It is also the timing pin for the return from powerdown circuit.
Connect this pin with a 1 uF capacitor to Vgg and a 1 MQ resistor to Vgc. If this
function is not used, Vpp may be tied to Vgc.

ANGND

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

XTALA

Input of the oscillator inverter and the internal clock generator.

XTAL2

Output of the oscillator inverter.

P2.7/CLKOUT

Output of the internal clock generator. The frequency is 1/, the oscillator
frequency. It has a 50% duty cycle. Also LSIO pin.

RESET

Reset input to the chip. Input low for at least 16 state times will reset the chip. The
subsequent low to high transition resynchronizes CLKOUT and commences a 10-
state time sequence in which the PSW is cleared, bytes are read from 2018H and

201AH loading the CCBs, and a jump to location 2080H is executed. Input high for
normal operation. RESET has an internal pullup.

P5.7/BUSWIDTH

Input for bus width selection. If CCR bit 1 is a one and CCR1 bit 2 is a one, 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. If CCR bit 1
is “0” and CCR1 bit 2 is “1”, all bus cycles are 8-bit, if CCR bit 1 is “1” and CCR1
bit 2 is ““0”, all bus cycles are 16-bit. CCR bit 1 = “0” and CCR1 bit2 = “0” is
illegal. Also an LSIO pin when not used as BUSWIDTH.

NMI

A positive transition causes a non-maskable interrupt vector through memory
location 203EH. Used by Intel (GND this pin).

P5.1/INST

Output high during an external memory read indicates the read is an instruction
fetch. INST is valid throughout the bus cycle. INST is active only during external
memory fetches, during internal [EP]ROM fetches INST is held low. Also LSIO

when not INST.

Input for memory select (External Access). EA equal to a high causes memory
accesses to locations 2000H through 5FFFH to be directed to on-chip EPROM/
ROM. EA equal to a low causes accesses to these locations to be directed to off-
chip memory. EA = +12.5V causes execution to begin in the Programming
Mode. EA latched at reset.

P5.0/ALE/ADV

Address Latch Enable or Address Valid output, as selected by CCR. Both pin
options provide a latch to demultiplex the address from the address/data bus.
When the pin is ADV, it goes inactive (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 memory accesses. Also LSIO when not used as ALE.
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PIN DESCRIPTIONS (Continued)

Symbol Name and Function
P5.3/RD Read signal output to external memory. RD is active only during external memory
reads or LSIO when not used as RD.
P5.2/WR/WRL Write and Write Low output to external memory, as selected by the CCR, WR will

go low for every external write, while WRL will go low only for external writes
where an even byte is being written. WR/WRL is active during external memory
writes. Also an LSIO pin when not used as WR/WRL.

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 connectd 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 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 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 functional I/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 170 pin. Primary function is that of a bidirectional 1/0 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 I/Opin. Primary function is that of a bidirectional I/O 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/EPA0-7
P6.0-6.1/EPA8-9

Dual function 1/0 port pins. Primary function is that of bidirectional I/0. System
function is that of High Speed capture and compare. EPAO 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.

P6.4-6.7/SSIO Dual function 1/0 ports that have a system function as Synchronous Serial 1/0.
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 3 and 4 8-bit bidirectional I/0 ports with open drain outputs. These pins are shared with

the multiplexed address/data bus which has strong internal pullups.
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS**

Storage Temperature .......... —60°Cto +150°C
Voltage from Vpp or EA to

VgsorANGND .............. —0.5Vto +13.0V
Voltage from Any Other Pin

toVggorANGND ............. —0.5Vto +7.0V

This includes Vpp on ROM and CPU devices.
Power Dissipation.......................... 0.5W

OPERATING CONDITIONS

87C196KR/KQ 87C196JV/JT 87C196JR/JQ

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

Symbol Parameter Min Max Units

Ta Ambient Temperature under Bias —40 +125 °C

Vce Digital Supply Voltage 4.50 5.50 \

VREF Analog Supply Voltage 4.50 5.50 \"

Fosc Oscillator Frequency 4 16 MHz(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
lcc Vce Supply Current 75 mA | XTAL1 = 16 MHz,
(—40°Cto +125°C JV = 80) Vcc = Vpp = VRer = 5.5V
Ambient) 50 (While Device in Reset)
lccq Active Mode Supply 50 mA
Current (Typical) (JV = 55)
IREE A/D Reference
Supply Current 2 5 mA
libLE Idle Mode Current 15 30 mA | XTAL1 = 16 MHz,
Vv = 32) Voc = Vpp = VRgr = 5.5V
IpD Powerdown Mode Voc = Vpp = VRgr = 5.5V
Current 50 TBD KA (Note 6)
ViL Input Low Voltage —0.5V 0.3 Ve \
(All Pins)
ViH Input High Voltage 0.7 Voo Vo + 0.5 \" (Note 7)
(All Pins)
VoL Output Low Voltage 0.3 \ loL = 200 nA (Notes 3, 5)
(Outputs Configured 0.45 \" loL = 3.2mA
as Push/Pull) 1.5 \" loL = 7.0mA
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DC CHARACTERISTICS (Under Listed Operating Conditions) (Continued)

Symbol Parameter Min Typ Max Units Test Conditions
VoH Output High Voltage Vcc — 0.3 V  |loy = —200 nA (Notes 3, 5)
(Outputs Configured Ve — 0.7 V |loy= —8.2mA
as Push/Pull) Voo — 1.5 V |loy= —7.0mA
I Input Leakage Current +8 pA | Vss < VN < Voo
(Std. Inputs) JT/JV: =10 (Note 2)
I Input Leakage Current +1 rA | Vss < VIN < VRer
(Port 0—A/D Inputs) JT/JV: £2
IH Input High Current +175 wA |Vss < VIN < Voo
(NMI Pin)
Von2 Output High Voltage Voo — 1V V |loy = —15 pA (Notes 1, 8)
in RESET
loH2 Output High Current -6 —35 rA |Von2 = Voo — 1.0V
(KR, KQ) in RESET —15 —60 wA |Von2 = Voo — 2.5V
—20 —70 wA | Von2 = Voo — 4.0V
loH2 Output High —30 —120 pA | Voue = Voo — 1.0V
JV, JT, Currentin —75 —240 nA | Von2 = Voo — 2.5V
JR-D, JQ-D) | RESET —90 —280 rA |Von2 = Voo — 4.0V
RRsT Reset Pullup Resistor 6K 65K Q
VoLs Output Low Voltage 0.3 V  |loLg = 4 mA (Note 9)
in RESET 0.5 V |log = 6mA
(RESET Pin only) 0.8 V |loz = 10mA
Cs Pin Capacitance 10 pF |Frest = 1.0 MHz
(Any Pin to Vgg)
Rwpu Weak Pullup Resistance 150K Q | (Note 6)
(Approx)

NOTES:

1. All BD (bidirectional) pins except P5.1/INST and P2.7/CLKOUT which are excluded due to their not being weakly pulled
high in reset. BD pins include Port1, Port2, Port3, Port4, Port5 and Port6.

2. Standard Input pins include XTAL1, EA, RESET and Ports 1, 2, 3, 4, 5, 6 when configured as inputs.

3. All Bidirectional 1/0 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 lg| /lpH currents per pin will be characterized and published at a later date. Target values are =10 mA.

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. Vi max for Port0 is Vggr + 0.5V.

8. Refer to “Von2/loH2 Specification” errata #1 in errata section of this datasheet.

9. This specification is not tested in production and is based upon theoretical estimates and/or product characterization.
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KR/KQ/JR/JQ Icc vs Frequency
80

lec MAX
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NOTES:
lcc Max = 3.25 X Freq + 23
lipLe Max = 1.25 X Freq + 15
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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, Fogc = 16 MHz.

The system must meet these specifications to work with the 87C196KR/KQ/JV/JT/JR/JQ

Symbol Parameter Min Max Units
Tavyv Address Valid to READY Setup 2Tosc — 75 ns
TLLyv ALE Low to READY Setup Tosc — 70 ns
TyLYH Non READY Time No Upper Limit ns
ToLyx READY Hold after CLKOUT Low 0 Tosc — 30 ns(1)
TLLYX READY Hold after ALE Low Tosc — 15 2Tosc — 40 ns(1)
Tavay Address Valid to Buswidth Setup 2Tosc — 75 ns
TLLgy ALE Low to Buswidth Setup Tosc — 60 ns
ToLax Buswidth Hold after CLKOUT Low 0 ns
TavDV Address Valid to Input Data Valid 3Tosc — 55 ns
TRLDV RD Active to Input Data Valid Tosc — 22 ns
ToLpv 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.
The 87C196KR/KQ/JV/JT/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 20 110 ns(2)
High or Low
ToLoL CLKOUT Period 2Tosc ns
TcHoL CLKOUT High Period Tosc — 10 Tosc + 15 ns
ToLLH CLKOUT Falling Edge —10 15 ns
to ALE Rising
TLLCH ALE/ADV Falling Edge - 20 15 ns
to CLKOUT Rising
TLHLH ALE/ADV Cycle Time 4Tosc ns
TLHLL ALE/ADV High Period Tosc — 10 Tosc + 10 ns
TAVLL Address Setup to ALE/ADV Tosc — 15 ns
Falling Edge
TLLAX Address Hold after ALE/ADV Tosc — 40 ns
Falling Edge
TLLRL &E/m Falling Edge to Tosc — 30 ns
RD Falling Edge

10
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AC CHARACTERISTICS (Over Specified Operating Conditions) (Continued)
Test Conditions: Capacitance Load on All Pins = 100 pF, Rise and Fall Times = 10 ns, Fogc = 16 MHz.

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

Symbol Parameter Min Max Units

TRLCL RD Low to CLKOUT 4 30 ns
Falling Edge

TRLRH RD Low Period Tosc — 5 ns

TRHLH RD Rising Edge to Tosc Tosc + 25 ns(®)
ALE/ADV Rising Edge

TRLAZ RD Low to Address Float 5 ns(5)

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

ToLwL CLKOUT Low to -5 25 ns
WR Falling Edge

TQuwH Data Stable to WR Rising Edge Tosc — 23 ns

ToHwH CLKOUT High to WR - 10 15 ns
Rising Edge

TwWLWH WR Low Period Tosc — 20 ns

TwHQX Data Hold after WR Rising Edge Tosc — 25 ns

TWHLH WR Rising Edge to ALE/ADV Tosc — 10 Tosc + 15 ns(3)
Rising Edge

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

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

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

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

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. TRLaz (max) = 5 ns by design.

11



n
87C196KR/KQ 87C196JV/JT 87C196JR/JQ |n‘te| o

System Bus Timing
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EXTERNAL CLOCK DRIVE

Symbol Parameter Min Max Units
1/TxxL Oscillator Frequency 4.0 16 MHz
TxLxL Oscillator Period (Tosc) 62.5 250 ns
TxHXX High Time 0.35 Tpsc 0.65 Tpsc ns
TxLxx Low Time 0.35 Tpsc 0.65 Tpsc ns
TxLXH Rise Time 10 ns
TxHXL Fall Time 10 ns

EXTERNAL CLOCK DRIVE WAVEFORMS

TxHxx

0.7V 0.5V

TxuxL

3Vem0.5V

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”.

T
XLXL ' 270827-7
AC TESTING INPUT, OUTPUT WAVEFORMS FLOAT WAVEFORMS
INPUTS OUTPUTS VLoAp*O-15V Vou=0.15v
3.5V ) §
oV VLoAD :>TIMINGPg|ENF1!ESRENCE<
TEST POINTS ~{ 0.8V Vioap=0.15V Vo +0.15V
0.45V ] §
2708278 270827-9
NOTE: 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 loading
Von/VoL level occurs I /loq < 15 mA.

THERMAL CHARACTERISTICS

Device and Package AT 04c

AN87C196KR/KQ 41°C/W | 14°C/W
(68-Lead PLCC)

AN87C196JV/JT/JR/JQ 42°C/W 15°C/W

(52-Lead PLCC)

NOTES:

1.0ya = Thermal resistance between junction and the surround-
ing environment (ambient). Measurements are taken 1
ft. away from case in air flow environment.

04c = Thermal resistance between junction and package sur-

face (case).

2. All values of 8 and 6,c may fluctuate depending on the en-

vironment (with or without airflow, and how much airflow) and

device power dissipation at temperature of operation. Typical

variations are +2°C/W.

3. Values listed are at a maximum power dissipation of 0.50W.
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EXPLANATION OF AC SYMBOLS

intgl.

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:

H— High
L— Low
V— Valid

X— No Longer Valid

Z— Floating

Signals:

A— Address
B— BHE

C— CLKOUT
D— DATA
G— Buswidth
H— HOLD

EPROM SPECIFICATIONS

AC EPROM PROGRAMMING CHARACTERISTICS

Operating Conditions: Load Capacitance = 150 pF; Tc = 25°C +5°C, VRgr = 5.0V *0.5V, Vgg,

HA— HLDA

L— ALE/ADV

R— RD

W— WR/WRH/WRI
X— XTALA1

Y— READY

ANGND = OV. Vpp = 12.5V +0.25V; EA = 12.5V +0.25V; Fogg = 5.0 MHz

Symbol Parameter Min Max Units
TavLL Address Setup Time 0 Tosc
TLLAX Address Hold Time 100 Tosc
TovpL Data Setup Time 0 Tosc
TpLDX Data Hold Time 400 Tosc
TLLLH PALE Pulse Width 50 Tosc
TpLPH PROG Pulse Width(3) 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
TpHPL PROG High to Next PROG Low 220 Tosc
ThLDV 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
TILIH AINC Pulse Width 240 Tosc
TiLVH PVER Hold after AINC Low 50 Tosc
TiLpL AINC Low to PROG Low 170 Tosc
TpHVL PROG High to PVER Valid 220 Tosc
NOTES:

1. Run time programming is done with Fogc = 6.0 MHz to 10.0 MHz, Vg, Vpp, VRer = 5V £0.5V, Tg = 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 mode. For programming pulses use 300 Tpogc + 100 us.

DC EPROM PROGRAMMING CHARACTERISTICS

Symbol

Parameter

Min

Max

Units

lpp

Vpp Programming Supply Current

100

mA

NOTE:

Vpp must be within 1V of Vgg while Voo < 4.5V. Vpp must not have a low impedance path to ground or Vgg while Vg >

4.5V.

14
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EPROM PROGRAMMING WAVEFORMS

SLAVE PROGRAMMING MODE DATA PROGRAM MODE WITH SINGLE PROGRAM PULSE

87C196KR/KQ 87C196JV/JT 87C196JR/JQ

Tve

RESET /
— Tavi— ToveL [+—
Pog}i ADDRESS,/COMMAND DATA j—< ADDRESS/COMMAND >—
TsHiL Teax [+—— TeLox
PALE
P2.1 -
= Tiiw Tenpr —=r+— TrLpu TRHLL
PROG 3
P2.2 \_
Fe—TervL —
PVER /
IER \ VALID

270827-10

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

PORTS
3/4

PALE

RESET
—/

ADDRESS/COMMAND
P2.1 \

TeLov

ADDR

VER BITS/WD DUMP

ADDR + 2

VER BITS/WD DUMP

PROG
P2.2

TieL

AINC
P2.4

M Tpwp — 1

270827-11

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

RESET ’

PORTS
3/4

ADDRESS/COMMAND

PALE
P2.1

DATA

DATA

o >—

/

PROG
P2.2

P1

TonpL

P2

—

= TiLrL q

T |<~

PVER
P2.0

\ VALID FOR P1

FOl

VALID

R P2

/

AINC
P2.4

—>{ TeHIL

\

[e—

= T\LH]

270827-12
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A TO D CONVERTER SPECIFICATIONS

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
at which it can convert correctly.

The converter is ratiometric, so absolute accuracy is
dependent on the accuracy and stability of VRgr.

A/D OPERATING CONDITIONS(1)

intgl.

VRer must not exceed Vg by more than 0.5V since
it supplies both the resistor ladder and the digital
portion of the converter and input port pins.

For testing purposes, after a conversion is started,
the device is placed in the IDLE mode until the con-
version is complete. Testing is performed at VRer =
5.12V and 16 MHz operating frequency.

There is an AD_TEST register that allows for con-
version on ANGND and VRgf as well as zero offset
adjustment. The absolute error listed is without do-
ing any adjustments.

Symbol Description Min Max Units
Ta Automotive Ambient Temperature —40 +125 °C
Vee Digital Supply Voltage 4.50 5.50 \"
VREF Analog Supply Voltage 4.50 5.50(2,3) Vv
Tsam Sample Time 2.0 pns(4)
Tcony Conversion Time 16.5 19.5 s
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. Testing is performed at Vggr = 5.12V.
4. The value of AD_TIME must be selected to meet these specifications.
Parameter Typical*(1) Min Max Units**
Resolution 1024 1024 Level
10 10 Bits
Absolute Error 0 -3 LSBs
+3
Full Scale Error +2 LSBs
Zero Offset Error +2 LSBs
Non-Linearity +3 LSBs
Differential Non-Linearity > —0.5 +0.5 LSBs
Channel-to-Channel Matching 0 +1 LSBs
Repeatability +0.25 0 LSBs(1)
Temperature Coefficients:
Offset 0.009 LSB/C(1)
Fullscale 0.009 LSB/C(1)
Differential Non-Linearity 0.009 LSB/C(1)
Off Isolation —60 dB(1,2,3)
Feedthrough —60 dB(1.2)
Vg Power Supply Rejection —60 dB(1,2)
Input Resistance 750 1.2K (1))
DC Input Leakage 0 +1 HA
JT/JV = +2

NOTES:

*These values are expected for most parts at 25°C but are not tested or guaranteed.
**An “LSB”, as used here, has a value of approximately 5 mV. (See Automotive Handbook for A/D glossary of terms).
1. These values are not tested in production and are based on theoretical estimates and/or laboratory test.

2. DC to 100 KHz
3. Multiplexer Break-Before-Make Guaranteed.
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HOLD/HLDA Timings

87C196KR/KQ 87C196JV/JT 87C196JR/JQ

Symbol Description Min Max Units Notes
THvCH HOLD Setup 65 ns (Note 1)
TCLHAL CLKOUT Low to HLDA Low —15 15 ns
TcLBRL CLKOUT Low to BREQ Low —15 15 ns
TAZHAL HLDA Low to Address Float 25 ns
TBZHAL HLDA Low to BHE, INST, RD, WR Weakly Driven 25 ns
TCLHAH CLKOUT Low to HLDA High —15 15 ns
TcLBRH CLKOUT Low to BREQ High —15 15 ns
THAHAX HLDA High to Address Valid —15 ns
THAHBY HLDA High to BHE, INST, RD, WR Valid —10 ns
TCLLH CLKOUT Low to ALE High —10 15 ns
NOTE:
1. To guarantee recognition at next clock.
DC SPECIFICATIONS IN HOLD
Parameter Min Max Units
Weak Pullups on ADV, RD, 50K 250K Vee = 5.5V, VN = 0.45V
WR, WRL, BHE
Weak Pulldowns on 10K 50K Voo = 5.5V, V)N = 24
ALE, INST
CLKOUT \ / \ / \ / \
Thve ——I HOLD Thven
LATENCY
TeLHAL —>{ |=— TeLHAH —>{ [=—
et \ 5 /
ToLgRL —>{ f— TeLgrH —> |=—
BREQ \ " /
THaLAZ — I‘_ THAHAX —>] [=—
15 \
s — o EERRE ;s X
Thatez —>| ~— TuaHBY —
BHE, INST \ 45 , ‘c \ ’
RD, WR A 4 2T \ ’
TeLin
ALE ’ \
270827-16

17



87C196KR/KQ 87C196JV/JT 87C196JR/JQ

AC CHARACTERISTICS—SLAVE PORT

SLAVE PORT WAVEFORM—(SLPL = 0)

s\

== TsrHav
ALE/A1 X
TSRLRH
RD \\
TsrLDV TsrHDZ
P3 —
Tspvwh
TsavwL . TSwLwH TswHax
" \
27082717
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
TswLWH WR Low Period Tosc ns
TSRLDV RD Low to Output 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)

TseLiL TSRHEH

TsLLRL TSRLRH

TSRLDV TSRHDZ

P3

TsaviL Tsiiax Tspvwn TswHox
1

. Tswiwk

270827-18

SLAVE PORT TIMING—(SLPL = 1)(1,2,3)
Symbol Parameter Min Max Units
TSELLL CS Low to ALE Low 20 ns
TSRHEH RD or WR High to CS High 60 ns
TSLLRL ALE Low to RD Low Tosc ns
TSRLRH RD Low Period Tosc ns
TSWLWH WR Low Period Tosc ns
TsavLL Address Valid to ALE Low 20 ns
TsLLAX ALE Low to Address Invalid 20 ns
TSRLDV RD Low to Output Data Valid 60 ns
TSDVWH 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—SERIAL PORT—SHIFT REGISTER MODE

SERIAL PORT TIMING—SHIFT REGISTER MODE
Test Conditions: Tp = —40°C to +125°C; Vgg = 5.0V £10%; Vgg = 0.0V; Load Capacitance = 100 pF

Symbol Parameter Min Max Units
TxLxL Serial Port Clock Period 8 Tosc ns
TXLXH Serial Port Clock Falling 4Tosc — 50 4Tosc + 50 ns

Edge to Rising Edge

TavxH Output Data Setup 3 Tosc ns
to Clock Rising Edge

TxHQX Output Data Hold 2Tosc — 50 ns
after Clock Rising Edge

TxHQV Next Output Data Valid 2Tosc + 50 ns
after Clock Rising Edge

TbvxH Input Data Setup 2Tosc + 200 ns
to Clock Rising Edge

TxHpx() Input Data Hold 0 ns
after Clock Rising Edge

TxHaz(M Last Clock Rising to 5 Tosc ns
Output Float

NOTES:
1. Parameter not tested.

WAVEFORM—SERIAL PORT—SHIFT REGISTER MODE 0

SERIAL PORT WAVEFORM—SHIFT REGISTER MODE

= Txo —
LR I [ I I I I I I 6 I B
Tovxn™]| |" | TXLXH"I |“ TXHQVI‘_’I ~ [ Txrox TXHQZ"I

(ofjﬁr;—@( 1 X 2 X s X o+ X 5 X s X 7 )E
Tovxh > |“ "| F= Txox
vy XX XX XearoX XvauoX_ XvauoX XvauoX XauoX Xiato)

270827-13
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52-LEAD DEVICES

Intel offers 52-lead versions of the 87C196KR de-
vice: the 87C196JV/JT/JR/JQ devices. The first
samples and production units use the 87C196KR die
and bond it out in a 52-lead package.

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.

(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 an A/D
conversion, or reset timers.

B
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(6) Slave Port Support. The Slave port cannot be
easily used on 52-lead devices due to
P5.4/SLPINT and P5.1/SLPCS not being bond-
ed-out.

(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 PO0.1. The
PxREG, PxSSEL, and PxIO registers can still be
updated and read. The programmer should not
use the corresponding bits associated with the
removed port pins to conditionally branch in
software. Treat these bits as RESERVED.

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

1. Written to PxREG as “1” or “0”.
2. Configured as Push/Pull, PxIO 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.

87C196KR/KQ/JV/JT/JR/JQ ERRATA

1. VoH2/loH2 Specification (Note C)

In the DC Characteristics section of this data-
sheet, Von2 indicates the strength of the internal
weak pullups that are active during and after re-
set until the user writes to the PxMODE register.
C-step devices do not meet this specification.
The new specification for C-step devices is Von2
(min) = Voo — 1V at lpy2 = —6 pA. Note that
JR/JQ D-step devices are not affected by this
errata and meet the published specification.

2. 1B0Oh-1BDFh External Addressing
(Notes C, D)

Affected devices cannot access external memory
locations 1BOOh-1BDFh. A bus cycle does not
occur when these addresses are accessed. If at-
tempting to read from 1BOOh-1BDFh a value of
FFh is returned even though a read cycle is not
generated. Writing to these locations will not gen-
erate an external bus cycle either. This errata has
been corrected on JV and JT devices.

3. Port3 Push-Pull Operation (Note C)
If Port3 is operating as a push-pull LSIO (Low-
Speed 1/0) port and an address/data bus cycle
occurs, Port3 will continue to drive the address/
data bus with its LSIO data during the bus cycle.
It is rather unlikely that this errata would affect an
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application because the application would have
to use Port3 for both LSIO and as an external
addr/data bus. If an application uses external
memory, Port3 should not be selected as push-
pull LSIO.

NOTES:
“C” = Present on C-step devices
“D” = Present on D-step devices
“V” = Present on JV A-step devices

“T” = Present on JT A-step devices

Devices can be identified by a special mark fol-
lowing the eight-digit FPO number on the top of
the package. The following chart specifies what
these markings are for various device steppings:

Device Topside Marking
KR, KQ C-step “Cc”
JR, JQ D-step “D”
JV, JT A-step “A”

87C196KR/KQ/JV/JT/JR/JQ DESIGN
CONSIDERATIONS

1.

22

EPA Timer RESET/Write Conflict

If the user writes to the EPA timer at the same
time that the timer is reset, it is indeterminate
which will take precedence. Users should not
write to a timer if using EPA signals to reset it.

. Valid Time Matches

The timer must increment/decrement to the
compare value for a match to occur. A match
does not occur if the timer is loaded with a value
equal to an EPA compare value. Matches also do
not occur if a timer is reset and 0 is the EPA
compare value.

. P6_PIN.4-.7 Not Updated Immediately

Values written to P6__REG are temporarily held
in a buffer. If P6_MODE is cleared, the buffer is
loaded into P6_REG.x. If P6__MODE is set, the
value stays in the buffer and is loaded into P6__
REG.x when P6_MODE.x is cleared. Since read-
ing P6_REG returns the current value in P6__
REG and not the buffer, changes to P6_REG
cannot be read until/unless P6_MODE.x is
cleared.

. Write Cycle during Reset

If RESET occurs during a write cycle, the con-
tents of the external memory device may be cor-
rupted.

]
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5. Indirect Shift Instruction

The upper 3 bits of the byte register holding the
shift count are not masked completely. If the shift
count register has the value 32 X n, where n =
1, 3, 5, or 7, the operand will be shifted 32 times.
This should have resulted in no shift taking place.

6. P2.7 (CLKOUT)

P2.7 (CLKOUT) does not operate in open drain
mode.

7. CLKOUT

The CLKOUT signal is active on P2.7 during
RESET for the KR, KQ, JV, JT, JR and JQ de-
vices. Note that CLKOUT is not active on P2.7
in RESET for the KT.

8. EPA Overruns

EPA “lock-up” can occur if overruns are not han-
dled correctly, refer to Intel Techbit #DB0459
“Understanding EPA Capture Overruns”, dated
12-9-93. Applies to EPA channels with interrupts
and overruns enabled (ON/RT bit in
EPA_CONTROL register set to “1”).

9. Indirect Addressing with Auto-Increment

For the special case of a pointer pointing to itself
using auto-increment, an incorrect access of the
incremented pointer address will occur instead of
an access to the original pointer address. All oth-
er indirect auto-increment accesses will note be
affected. Please refer to Techbit #MC0593.

Incorrect sequence:

1d ax,#ax ; Results in ax being

1db bx, [ax]+ ; incremented by 1 and the
contents of the address
pointed to by ax+ 1 to be
loaded into bx.

Correct sequence:

1d ax,#bx ; where ax # bx. Results in
1db cx,[ax]+ ; theT contents of the address
pointed to by ax to be

loaded into bx and ax
incremented by 1.

10. JV Additional Register RAM

The 8XC196JV has a total of 1.5 Kbytes of reg-
ister RAM. The RAM is located in two memory
ranges: 0000h-03FFh and 1C00h-1DFFh.

87C196JR/JQ C-step to
JR/JQ D-step -or- JV/JT A-step
DESIGN CONSIDERATIONS

This section documents differences between the
87C197JV A-step (JV-A)/87C196JT A-step (JT-A)/
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87C196JR D-step (JR-D) and the 87C196JR C-step
(JR-C). For a list of design considerations between
68-lead and 52-lead devices, please refer to the
52-lead Device Design Considerations section of
this datasheet. Since the 87C196JV/JT/JQ are sim-
ply memory scalars of the 87C196JR, the term “JR”
in this section will refer to JV, JT, JR and JQ ver-
sions of the device unless otherwise noted.

The JR-C is simply a 87C196KR C-step (KR-C) de-
vice packaged within a 52-lead package. This reduc-
tion in pin count necessitated not bonding-out cer-
tain pins of the KR-C device. The fact that these
“removed pins”’ were still present on the device but
not available to the outside world allowed the pro-
grammer to take advantage of some of the 68-lead
KR features.

The JR-D is a fully-optimized 52-lead device based
on the 87C196KR C-step device. The KR-C design
data base was used to assure that the JR-D would
be fully compatible with the KR-C, JR-C and other
Kx family members. The main differences between
the JR-D and the JR-C is that several of the unused
(not bonded-out) functions on the JR-C were re-
moved altogether on the JR-D.

Following is a list of differences between the JR-C
and the JR-D:

1. Port3 Push-Pull Operation

It was discovered on JR-C that if Port3 is select-
ed for push-pull operation (P34_DRV register)
during low speed /0 (LSIO), the port was driving
data when the system bus was attempting to in-
put data. It is rather unlikely that this errata would
affect an application because the application
would have to use Port3 for both LSIO and as an
external addr/data bus. Nonetheless, this errata
was corrected on the JR-D.

2. VoH2 Strengthened

The DC Characteristics section of the Automotive
KR datasheet contains a parameter, Vpop2 (Out-
put High Voltage in RESET (BD ports)), which is
specified at Vgc-1V min at lpqo = —15 pA.
This specification indicates the strength of the in-
ternal weak pull-ups that are active during and
after reset. These weak pull-ups stay active until
the user writes to PxMODE (previously known as
PxSSEL) and configures the port pin as desired.

These pull-ups do not meet this Voy2 spec on
the JR-C. The weak pull-ups on specified JR-D
ports have been enhanced to meet the published
specification of oo = —15 pA.

87C196KR/KQ 87C196JV/JT 87C196JR/JQ

3. ONCE Mode

ONCE mode is entered by holding a single pin
low on the rising edge of RESET#. On the KR,
this pin is P5.4/SLPINT. The JR-C does not sup-
port ONCE mode since P5.4/SLPINT (ONCE
mode entry pin) is not bonded-out on these de-
vices. To provide ONCE mode on the JR-D, the
ONCE mode entry function was moved from
P5.4/SLPINT to P2.6/HLDA. This will allow the
JR-D to enter ONCE mode using P2.6 instead of
removed pin P5.4.

4. Port0

On the JR-C, P0.0 and P0.1 are not bonded out.
However, these inputs are present in the device
and reading them will provide an indeterminate
result.

On the JR-D, the analog inputs for these two
channels at the miltiplexer are tied to VRgf.
Therefore, initiating an analog conversion on
ACHO or ACH1 will result in a value equal to full
scale (3FFh). On the JR-D, the digital inputs for
these two channels are tied to ground, therefore
reading P0.0 or PO.1 will result in a digital “0”.

5. Port1

On the JR-C, P1.4, P1.5, P1.6 and P1.7 are not
bonded out but are present internally on the de-
vice. This allows the programmer to write to the
port registers and clear, set or read the pin even
though it is not available to the outside world.
However, to maintain compatibility with D-step
and future devices, it is recommended that the
corresponding bits associated with the removed
pins NOT be used to conditionally branch in soft-
ware. These bits should be treated as reserved.

On the JR-D, unused port logic for these four port
pins has been removed from the device and is
not available to the programmer. Corresponding
bits in the port registers have been “hard-wired”
to provide the following results when read:

Register Bits When Read
P1_PIN.x (x = 4,5,6,7) 1
P1_REG.x (x = 4,5,6,7) 1
P1_DIR.x (x = 4,5,6,7) 1
P1_MODE.x (x = 45,67) 0

Writing to these bits will have no effect.
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6.

Port2

On the JR-C, P2.3 and P2.5 are not bonded out
but are present internally on the device. This al-
lows the programmer to write to the port registers
and clear, set or read the pin even though it is not
available to the outside world. However, to main-
tain compatibility with D-step and future devices,
it is recommended that the corresponding bits as-
sociated with the removed pins not be used to
conditionally branch in software. These bits
should be treated as reserved.

On the JR-D, unused port logic for these two port
pins has been removed from the device and is
not available to the programmer. Corresponding
bits in the port registers have been “hardwired”
to provide the following results when read:

intgl.

Register Bits When Read
P5__PIN.x (x = 1,4,5,6,7) 1
P5_REG.x (x = 1,4,5,6,7) 1
P5__DIR.x (x = 1,4,5,6,7) 1
P5_MODE.x (x = 1,4,6) 0

P5_MODEx | (x = 5) (EA#

I
o
2
o

P5_MODEx | (x = 5) (EA#

I
—
=
o

P5_MODEx | (x=7) 1

Register Bits When Read
P2__PIN.x (x = 3,5) 1
P2__REG.x (x = 3,5) 1
P2__DIR.x (x = 3,5) 1
P2__MODE.x (x = 3,5) 0

Writing to these bits will have no effect.

7.
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Port5

On the JR-C, P5.1, P5.4, P5.5, P5.6 and P5.7 are
not bonded out but are present internally on the
device. This allows the programmer to write to
the port registers and clear, set or read the pin
even though it is not available to the outside
world. However, to maintain compatibility with D-
step and future devices, it is recommended that
the corresponding bits associated with the re-
moved pins not be used to conditionally branch in
software. These bits should be treated as re-
served.

On the JR-D, unused port logic for these five port
pins has been removed from the device and is
not available to the programmer. Corresponding
bits in the port registers have been “hardwired”
to provide the following results when read:

Writing to these bits will have no effect.
8. Port6

On the JR-C, P6.2 and P6.3 are not bonded out
but are present internally on the device. This al-
lows the programmer to write to the port registers
and clear, set or read the pin even though it is not
available to the outside world. However, to main-
tain compatibility with D-step and future devices,
it is recommended that the corresponding bits as-
sociated with the removed pins not be used to
conditionally branch in software. These bits
should be treated as reserved.

On the JR-D, unused port logic for these two port
pins has been removed from the device and is
not available to the programmer. Corresponding
bits in the port registers have been “hardwired”
to provide the following results when read:

Register Bits When Read
P6__PIN.x (x=23) 1
P6_REG.x (x = 2,3) 1
P6__DIR.x (x = 2,3) 1
P6__MODE.x (x =23) 0

Writing to these bits will have no effect.

9. 8XC196JQ Internal to External Memory

Roll-over Point

8XC196JQ devices are simply 8XC196JR devic-
es with less memory. Both the JQ-C and JQ-D
are fabricated from the JR-C and JR-D respect-
fully. The difference between JQ and JR devices
is that memory locations beyond the supported
boundaries on the JQ are not tested in produc-
tion and should not be used. Any software which
relies upon reading or writing these locations may
not function correctly. Following are the support-
ed memory maps for these devices:



