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80C196KB10/83C196KB10/80C196KB12/83C196KB12
COMMERCIAL/EXPRESS CHMOS MICROCONTROLLER

83C196KB — 8 Kbytes of Factory Mask-Programmed ROM .

80C196KB — ROMless

H 8 Kbytes of On-Chip ROM Available m Full Duplex Serial Port
B 232 Byte Register File ® High Speed 1/0 Subsystem
m Register-to-Register Architecture m 16-Bit Timer
® 28 Interrupt Sources/16 Vectors m 16-Bit Up/Down Counter with Capture
8 2.3 ps 16 x 16 Multiply (12 MHz) B Pulse-Width-Modulated Output
m 4.0 us 32/16 Divide (12 MHz2) m Four 16-Bit Software Timers
B Powerdown and ldle Modes m 10-Bit A/D Converter with Sample/Hold
m Five 8-Bit 170 Ports m HOLD/HLDA Bus Protocol
®m 16-Bit Watchdog Timer ® 10 MHz and 12 MHz Available
# Dynamically Configurable 8-Bit or m Extended Burn-In Available

16-Bit Buswidth :
m Extended Temperature Available

The 80C196KB 16-bit microcontroller is a high performance member of the MCS®-96 microcontroller family.
The 80C196KB is compatible with the 8096BH and uses a true superset of the 8096BH instructions. Intel's
CHMOS process provides a high performance processor along with low power consumption. To further reduce
power requirements, the processor can be placed into ldle or Powerdown Mode.

The 80C196KB has a 232-byte register tile and an optional 8 Kbyte of on-chip ROM. Bit, byte, word and some
32-bit operations are available on the 80C196KB. With a 12 MHz oscillator a 16-bit addition takes 0.66 ps, and
the instruction times average 0.5 ps to 1.5 us in typical applications.

Four high-speed capture inputs are provided to record times when events occur. Six high-speed outputs are
available for pulse or waveform generation. The high-speed output can also generate four software timers or
start an A/D conversion. Events can be based on the timer or up/down counter. Also provided on-chip are an
A/D converter, serial port, watchdog timer and a pulse-width-modulated output signal.

The 80C196KB10 and 83C196KB10 have a maximum guaranteed frequency of 10 MHz. The 80C196KB12
and 83C196KB12 have a maximum guaranteed frequency of 12 MHz. All references to the 80C196KB also
refer to the 80C196KB10, 83C196KB10, 80C196KB12 and 83C196KB12 unless otherwise noted.

With the commercial (standard) temperature option, operational characteristics are guaranteed over the tem- ‘
perature range of 0°C to +70°C. With the extended temperature range option, operational characteristics are B o,
guaranteed over the temperature range of —40°C to +85°C. With the extended burn-in option, the burn-in is

dynamic for a minimum time of 160 hours at 125°C with Vo = 5.5V +0.5V, following the guidelines in MIL-

STD-883, Method 1015. The specifications which are different for the extended temperature and extended

burn-in devices are listed in this data sheet. Otherwise, the commercial specifications apply for both.

MCS8*-96 is a registered trademark of Intel Corporation.

November 1991
Order Number: 270918-002 8-1
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Figure 1. 80C196KB Block Diagram
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Figure 2. Memory Map
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PACKAGING

The 80C196KB is available in a 68-pin PLCC package, an 80-pin QFP package and a 68-pin PGA package.
Contact your local sales office to determine the exact ordering code for the part desired.

Package Designators: N = 68-pin PLCC, S = 80-pin QFP and A = 68-pin PGA.
Prefix Designators: T = extended temperature, L = extended temperature with extended burn-in.

Thermal Characteristics

Package

PGA 28°C/W 3.5°C/W
PLCC 35°C/W 12°C/W
QFP 85°G/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 the Intel Packaging Handbook (Order Number
240800) for a description of Intel's thermal impedance test methodology. ’

PGA PLCC Description PGA PLCC Description PGA PLCC Description
1 9 ACH7/P0.7 24 54 AD6/P3.6 47 31 P1.6/HLDA
2 8 ACH86/P0.6 25 53 AD7/P3.7 48 30 P1.5/BREQ
3 7 ACH2/P0.2 26 52 AD8/P4.0 49 29 HSO.1
4 6 ACHO0/P0.0 27 51 AD9/P4.1 50 28 HS0.0
5 5 ACH1/P0.1 28 50 AD10/P4.2 51 27 HSO.5/HSL3
6 4 ACH3/P0.3 29 49 AD11/P4.3 52 26 HSO.4/HSI.2
7 3 NMI 30 48 AD12/P4.4 53 25 HSI1
8 2 EA 31 47 AD13/P4.5 54 24 HsLo
9 1 Vee 32 46 AD14/P4.6 55 23 P1.4
10 68 Vss 33 45 AD15/PA.7 56 22 P1.3
1" 67 XTAL1 34 44 T2CLK/P2.3 57 21 P1.2
12 66 XTAL2 35 43 READY 58 20 P1.1
13 65 CLKOUT 36 42 T2RST/P2.4 59 19 P1.0
14 64 BUSWIDTH 37 44 BHE/WRA 60 18 TXD/P2.0
15 63 INST 38 40  WR/WARL 61 . 17  RXD/P2.

16 62 ALE/ADV 39 39 PWM/P2.5 62 16 RESET
17 61 RD 40 38 P2.7/T2CAPTURE 63 15 EXTINT/P2.2
18 60 ADO/P3.0 41 37 Vpp 64 14 Vgs()
19 59 AD1/P3.1 42 36 Vss 65 13 VREF
20 58 AD2/P3.2 43 35 HS0.3/SID3 66 12 ANGND
21 57 AD3/P3.3 44 34 HS0.2/SID2 67 11 ACH4/P0.4
22 56 AD4/P3.4 45 33 P2.6/T2UP-DN 68 10 ACHS5/P0.5
23 55 AD5/P3.5 46 32 P1.7/HOLD

NOTE:

1. This pin was formerly the Clock Detect Enable pin. This function is not guaranteed to work. This pin must be directly
connected to Vgg.
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Figure 3. 68-Pin Package (Pin Grid Array-—Top View)
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Figure 4. 68-Pin Package (PLCC—Top View)
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Figure 5. 80-Pin Quad Flat Pack (QFP)
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PIN DESCRIPTIONS

Symbol Name and Function

Vee Main supply voltage (5V).

Vss Digital circuit ground (OV). There are two Vgs pins, both of which must be connected.

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

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

Vpp Timing pin for the raturn from powerdown circuit. Connect this pin with a 1 uF capagitor to
Vsg. If this function is not used, connect to Vee. This pin is the programming voltage on the

| EPROM device.

XTALt Input of the oscillator inverter and of the internal clock generator.

XTAL2 Output of the oscillator inverter.

CLKOUT Output of the internal clock generator. The frequency of CLKOUT is Y5 the oscillator
frequency. It has a 50% duty cycle.

RESET Reset input and open-drain output. Input low for at least 4 state times to reset the chip. The
subsequent low-to-high transition re- synchronizes CLKOUT and commences a 1 O-state-time
sequence in which the PSW is cleared, a byte read from 201 8H loads CCR, and a jump to
location 2080H is executed. Input high for normat operation. RESET has an internal pullup.

BUSWIDTH | Input for buswidth selection. If CCR bit 1 is a one, this pin selects the bus width for the bus
cycle in progress. If BUSWIDTH is a 1, a 16-bit bus cycle occurs. If BUSWIDTH is a 0 an 8-bit
cycle occurs. If CCR bit 1 is a 0, the bus is always an 8-bit bus.

NMI A positive transition causes a vector through 203EH.

INST Output high during an external memory read indicates the read is an instruction fetch. INST is
valid throughout the bus cycle. INST is activated only during external memory accesses and
output low for a data fetch.

Input for memory select (Externa! Access). EA equal to a TTL-high causes memory accesses
to locations 2000H through 3FFFH to be directed to on-chip ROM/EPRQOM. EA equaltoa
TTL-low causes accesses to these locations to be directed to off-chip memory. EA must be
tied low for the 80C196KB ROMIess device.

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 activated only during external memory accesses.

=

Read signal output to external memory. RD is activated only during external memory reads.

RD

WR/WAL 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. WH/WRL is activated only during external memory writes.

BHE/WRH | Bus High Enable or Write High output to external memory, 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
the bank of memory that is connected to the low byte of the data bus. Thus accesses toa
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/WEH is valid only
during 16-bit external memory write cycles.

I PRELIM:NARY 8-7
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PIN DESCRIPTIONS (Continued)
Symbol Name and Function
READY Ready input to lengthen external memory cycles, for interfacing to 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 mode until the
next positive transition in CLKOUT occurs with READY high. When the external memory is
not being used, READY has no effect. Internal control of the number of wait states inserted
into a bus cycle held not ready is available through configuration of CCR.

HSI Inputs to High Speed Input Unit. Four HSi pins are available: HSI.0, HSI.1, HSL.2 and HS1.3.
Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as
the SID in Slave Programming Mode on the EPROM device.

|
|
\
|
|
i
-
80C196KB10/83C196KB10/80C196KB12/83C196KB12 . lntel o
|
|

HSO Outputs from High Speed Output Unit. Six HSO pins are available: HSO.0, HSO.1, HSO.2,
HSO0.3, HSO.4 and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit.

Port0 8-hit 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 set the Programming Mode on the
EPROM device.

Port 1 8-bit quasi-bidirectional 1/0 port.

Port 2 8-bit multi-functional port. All of its pins are shared with other functions in the 80C196KB.

Ports 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. Available as I/0 only on the

ROM and EPROM devices.
HAOLD Bus Hold input requesting control of the bus. Enabled by setting WSR.7.
HLDA Bus Hold acknowledge output indicating release of the bus. Enabled by setting WSR.7.
BREQ Bus Request output activated when the bus controller has a pending external memory cycle.
| Enabled by setting WSR.7.
? D The TxD pin is used for serial port fransmission in Modes 1, 2 and 3. The TxD function is
enabled by setting IOC1 5. in mode 0 the pin is used as the serial clock output.
RxD Serial Port Receive pin used for serial port reception. The RxD function is enabled by setting
SPCON.3. In mode 0 the pin functions as input or output data.
EXTINT A rising edge on the EXTINT pin will generate an external interrupt. EXTINT is selected as the
external interrupt source by setting IOC1.1 high. .
| T2CLK Tha T2CLK pin is the Timer2 clock input or the serial port baud rate generator input.
|
| T2RST A rising edge on the T2RST pin will reset Timer2. The external reset function is enabled by
setting I0C0.03 T2RST is enabled as the reset source by clearing 10CO.5.
PWM Port 2.5 can be enabled as a PWM output by setting I0C1.0 The duty cycle of the PWM is

determined by the value loaded into the PWM-CONTROL register (17H).

T2UP-DN The T2UP-DN pin controls the direction of Timer2 as an up or down counter. The Timer2 up/
down function is enabled by setting 10C2.1.

T2CAP A rising edge on P2.7 will capture the value of Timer2 in the T2CAPTURE register (location
OCH in Window 15).

’
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ELECTRICAL CHARACTERISTICS NOTICE: This data sheet contains prefiminary infor-
ABSOLUTE MAXIMUM RATINGS* mation on new products in production. It is valid for
the devices indicated in the revision history. The
Ambient Temperature specifications are subject to change without notice.
UnderBias ................. —55°Cto +125°C  SpamvinG: Stressing the device beycnd the “Absolute
Storage Temperature .......... —85°Cto +150°C Maximum Ratings" may cause permanent damage.
. - These are stress ratings only. Operation beyond the
Voitage Qn.AnY PintoVgg........ 0.5Vto +7.0v “Operating Conditions” is not recommended and ex-
Power Dissipation(!) ....................... 1.5W lended exposure beyond the “Operating Conditions"
NOTE: may affect device reliability.
1. Power Dissipation is based on package heat transfer,
not device power consumption.

OPERATING CONDITIONS

(Al characteristics in this data sheet apply to these operating conditions unless otherwise noted.)

Symbol Description Min © Max Units

Ta Ambient Temperature Under Bias 0 +70 °C

Ve Digital Supply Voltage 4.50 5.50 v

VRer Analog Supply Voltage 4,50 5.50 \

Fosc Oscillator Frequency 12 MHz 35 12 MHz

Fosc Oscillator Frequency 10 MHz 3.5 10 MHz
NOTE:

ANGND and Vgg should be nominally at the same potential,

DC CHARACTERISTICS

Symbol Description Min Typ(? Max Units | Test Conditions
ViL Input Low Voltage —-0.5 0.8 v
Viy Input High Voitage (Note 1) 0.2Vee + 0.9 Voo + 0.5 Vv
Vin1 Input High Voltage on XTAL 1 0.7 Veo Voc + 0.5 \
ViHz Input High Voltage on RESET 2.6 Vee + 05 v s
VoL Output Low Voltage 0.3 \ loL = 200 A
0.45 \ loL =32mA
1.5 v loL=7mA
Vou Output High Voltage Ve — 0.3 v lon = —200 A
(Standard Outputs) Ve — 0.7 v loH = —3.2mA
Veg — 1.5 \ loH = —7 mA
YoH1 Output High Voltage Vec — 0.3 \ loh = —10 pA
(Quasi-bidirectional Outputs) Ve — 0.7 V |lon= —30pA
Vec — 1.5 v loh = —60 A
NOTES:

1. Ali pins except RESET and XTAL1.
2. Holding these pins below Vi in Reset may cause the part to enter test modes.
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DC CHARACTERISTICS (Continued)

Symbol Description Min| Typ(?)| Max | Units Test Conditions

Iy Input Leakage Current (Std. Inputs) 10| pA |0 <V|y<Vgc— 03V

It Input Leakage Current (Port 0) : +3 | pA |0 < VN <VRer

e 1 to 0 Transition Current (QBD Pins) —650| pA |ViN = 2.0V

I Logical 0 Input Current (QBD Pins) —50 | A |Vin = 045V

Lt Logical 0 Input Current in Reset (Note 2) —-1.2| mA |Viy =045V

(ALE, RD, WR, BHE, INST, P2.0)

Hyst Hysteresis on RESET Pin 300 mV

Ice Active Mode Current in Reset 40 55 mA | XTAL1 = 12 MHz

lner | A/D Converter Reference Current 2 5 | ma |Vcc = Vpp = VRer = 5.5V

lioLe Idle Mode Current 10 22 | mA

lcct Active Mode Current 15 22 | mA [ XTAL1 = 3.5 MHz

lep Powerdown Mode Current 5 50 pA |Vcec = Vpp = VRer = 5.5V
| Rrst | Reset Pullup Resistor 6K 50K (4]

Cs Pin Capacitance (Any Pin to Vgg) 10 pF | Fyest = 1.0 MHz

NOTES:

(Notes apply to all specifications)
1. QBD (Quasi-bidirectional) pins include Port 1, P2.6 and P2.7.
2. Standard Outputs include ADO-15, RD, WH, ALE, BHE, INST, HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4,
‘ TXD/P2.0 and RXD (in serial mode 0). The Vgy specification is not valid for RESET. Ports 3 and 4 are open-drain outputs.
| 3. Standard Inputs include HSI pins, CDE, EA, READY, BUSWIDTH, NMI, RXD/P2.1, EXTINT/P2.2, T2CLK/P2.3 and
T2RST/P2.4.
4. Maximum current per pin must be externally limited to the following values if Vg is held above 0.45V or Vg is held
betow Vo — 0.7V:
ior, on Output pins: 10 mA
lon on quasi-bidirectional pins: self limiting
lo# on Standard Qutput pins: 10 mA
5. Maximum current per bus pin (data and control) during normal operation is +3.2 mA.
6. During normal {non-transient) conditions the following total current limits apply:

Port 1, P2.6 foL: 29 mA IoH is self limiting

HSO, P2.0, RXD, RESET lg: 20 mA lok: 26 mA

P25, P2.7, WH, BHE  loL: 13 mA ion: 11 mA

ADO-AD15 lou: 52 mA loH: 52 mA

AD, ALE, INST-CLKOUT lgi: 13 mA Ion: 13 mA ]

7. Typicals are based on a limited number of samples and are not guaranteed. The values listed are at room temperature
and VRgr = Vg = 5V.

60
Tog MAX
50
© / A Iec TYPICAL(7)
% 50 b /
mA
20 4///_ 7/ ioLg MAX
/
10 — Pt o g TYPICAL
- 4
0 L
4MHz 8MHz 12MHz
lcc Max = 3.88 x FREQ + 8.43 FREQ
IoLe Max = 1.65 % FREQ + 2.2 270918-24

Figure 6. Ig¢ anhd lip g vs Frequency
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AC CHARACTERISTICS
Test Conditions: Capacitive load on all pins = 100 pF, Rise and fall times = 10 ns, Fogc = 10/12 MHz

The system must meet these specifications to work with the 80C196KB:

1. f max is exceeded, additional wait states will occur.
2. When using wait states, add 2 Tosg X n, where n = number of wait states.

|
|
1
Symbol Description Min Max Units Notes
Tavyv Address Valid to READY Setup
80C196KB10/83C196KB10 2Tosc — 90 ns
80C196KB12/83C196KB12 2Tosc — 85 ns
Ty ALE Low to READY Setup
80C196KB10/83C196KB10 Tosc — 80 ns
80C196KB12/83C196KB12 Tosc — 72 ns
TyLyH Non READY Time No upper limit ns
ToLrx READY Hold after CLKOUT Low 0 Tosc — 30 ns (Note 1)
Tioyx READY Hold after ALE Low Tosc — 15 2Tosc — 40 ns (Note 1)
Tavay Address Valid to Buswidth Setup 2Tosc — 85 ns
Ty ALE Low to Buswidth Setup Tosc — 70 ns
Torex Buswidth Hold after CLKOUT Low 0 ns
Tavov Address Valid to Input Data Valid
B80C196KB10/83C196KB10 3Tosg — 70 ns (Note 2)
80C196KB12/83C196KB12 3Tosc — 67 ns
Tawov AD Active to Input Data Valid
‘ 80C196KB10/83C196KB10 Tosgc — 30 ns (Note 2)
| 80C196KB12/83C196KB12 Tosc — 23 ns
Tewpv CLKOUT Low to Input Data Valid Tosc — 50 ns
TRuDZ End of BD to Input Data Float Tosc ~ 20 ns
Taxpx Data Hold after RD Inactive 0 ‘ ns
NOTES:
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AC CHARACTERISTICS
Test Conditions: Capacitive load on all pins = 100 pF, Rise and fall times = 10 ns, Fogc = 10/12 MHz

The 80C196KB will meet these specifications:

Symbol Description Min Max Units Notes
FxTaL Frequency on XTAL
80C196KB10/83C196KB10 3.5 10 MHz (Note 2)
80C196KB12/83C196KB12 -35 12 MHz (Note 2)
Tosc VExTaL
80C196KB10/83C196KB10 100 286 ns’
80C196KB12/83C196KB12 83 286 ns
TXHCH XTAL1 High to CLKOUT High or Low 40 110 ns (Note 3)
TeLcL CLKOUT Cycle Time 2Tosc ns
TeHeL CLKOUT High Period Tosc — 10 | Tosc+10 ns
TCLU—T CLKOUT Falling Edge to ALE Rising -5 15 ns
TLLCH ALE Failing Edge to CLKOUT Rising —15 15 ns
TLHLH ALE Cycle Time 4Tosc . ns {Note 5)
TLHLL ALE High Period Tosc — 10 Tosc+ 10 ns
TaviL Address Setup to ALE Falling Edge Tosc — 20
TLLAX Address Hold after ALE Falling Edge Tosc — 40 ns
TuRL ALE Falling Edge to RD Falling Edge Tosc — 40 ns
TRLCL RD Low to CLKQUT Falling Edge 5 30 ns
TRLRH RD Low Period Tosc — 5 Tosc +25 | - ns (Note 5)
TRHLH RAD Rising Edge to ALE Rising Edge Tosc Tosc + 25 ns {Note 4)
Thiaz RD Low to Address Float 10 ns
TLwL ALE Falling Edge to WR Falling Edge Tosc — 10 ns
| Towe | CLKOUT Low to WR Falling Edge 0 25 ns
Tavw Data Stable to WH Rising Edge
80C196KB10/83C196KB10 Tosc — 30 ns (Note 5)
80C196KB12/83C196KB12 Tosc — 23 ns
TcHWH CLKOQUT High to WR Rising Edge -10 10 ns
TwiwH WR Low Period Tosc — 30 Tosc + 5 ns (Note 5)
TwHQX Data Hold after WR Rising Edge Tosc — 10 ns
TWHLH WR Rising Edge to ALE Rising Edge Tosc — 10 | Tosc + 15 ns (Note 4)
TwHBX BHE, INST Hold after WR Rising Edge | Tgsc — 10 ns
TRHBX BHE, INST Hold after RD Rising Edge Tosc — 10 ns
TwHAX AD8-15 Hold after WR Rising Edge Tosc — 50 ns
TRHAX ADB8-15 Hold after RD Rising Edge Tosc — 25 ns
NOTES:

Tosc = 83.3 ns at 12 MHz; Tosc = 100 ns at 10 MHz.
1. Customers whose applications require an 83C196KB to meet the 80C196KB specifications listed above should contact an
Intet Field Sales Representative.

2. Tesung performed at 3.5 MHz. However, the part is static by design and will typically operate below 1 Hz.

3. Typical specification, not guaranteed.
4. Assuming back-to-back bus cycles.

5. When using wait states, add 2 Togg % n, where n = number of wait states.

8-12
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System Bus Timings

XTAL1

CLKOUT

Toun ]
o~ 1CLLH

e— TuhiL =t Toipt —nle— Tappy —ade- Topiy -»]

READ N y,

T,
e Tavie Tiax AoV TrHoz
Truaz
—arl
BUS ADDRESS OUT DATA 222222:,
T
- Tavoy ]

t
ot Ty e Twiwr —>1* TwnLn -

WRITE \ A .
Tavwh —> WHQX I

BUS ADDRESS OUT )X DATA OUT )X( ADURESS
i
. TRHEX
Twhinx
BHE, INST VALID
I [ Troax
TwHax

AD8-15 —( ADDRESS OUT

270918-25
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READY Timings (One Wait State)

T’M

Tunn + 2Tpse
| Ty (MAX) o]

T
ALE _/ \ ‘(555’ / \

T yx (MIN)
e TLLvx s Topgx (4IN)

READY Tu.v) ' '1//Y

Tavry

Tosc

XTALY

CLXOUT

fe————— Thirn * 2Tos¢ ———me]
fe———— Triov * 2Tosg —n
Tavoy * 2Tggp ————————»

#Us ADDRESS OUT ) m—

1
fe————— Twiwy + 2Tos¢ ————

VRITE \ /

o Tqyw * 2Tgge

s ADDRESS OUT )X DATA OUT X ADDRESS

270918-26

Buswidth Timings

CLKQUT \ / \ ’ \ / \
w /TN /AN

Tuey —»| [+ Terex (MIN)

BUSWIDTH YALID

Tavey ]

270918-27
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i nbl » 80C196KB10/83C196KB10/80C196KB12/83C196KB12
HOLD/HLDA TIMINGS
Symbol Description Min Max Units Notes
THVCH HOLD Setup 85 ns 1
TeonaL CLKOUT Low to HLDA Low -15 15 ns
TeueRL CLKOUT Low to BREQ Low —15 15 ns
THALAZ HEDA Low to Address Float 2 - ns
ThaLBZ HLDA Low to BHE, INST, RD, WA Float ns
TGLHAH CLKOUT Low to HLDA High —-15 15 ns
TcsrH CLKOUT Low to BREQ High —15 15 ns
THAHAX HLDA High to Address No Longer Float -5 ns
THAHBY HLDA High to BHE, INST, BD, WR Valid -20 ns
Toun CLKQUT Low to ALE High -5 15 ns
| NOTE: :

1. To guarantee recognition at next clock.

CLxouT -\ / \ i_\L /_‘ \ / \ /_\_

Tuver —’l Thve
HOLD
LATENCY
HOLD ‘Ln re
s 37
TCLHM. —»] p— ToLHAH =] le—
55—-\ e —
HLDA L . A
E L)
Tevom, —»] fem Teinr —of le—
—_— ;,—\ e ——t—————
BREQ A A
L2
¥
T ALAZ
HALAZ == THAHAX - fo—
ws —{ x---’.i----- % ( x
¥
P Tonz =) = Tuaey —s-f [+— '
-
BHE, INST 'y LA . y Y o
"D, WR LY ] L) y
L) 1
ToLtH —] f—
e
BEL ¥ -

270918-28
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EXTERNAL CLOCK DRIVE
Symbol Parameter Min Max ’ Units
1/Txixe Oscillator Frequency :
80C196KB10 35 10.0 MHz
80C196KB12 35 12.0 MHz
TxLxL Oscillator Frequency
80C196KB10 100 286 ns
80C196KB12 83 286 ns
TxHxx High Time 3z ns
TxLxX Low Time 32 ns
TxixH Rise Time 10 ns
TXHXL Fall Time . 10 ns

EXTERNAL CLOCK DRIVE WAVEFORMS

270918-29

An external oscillator may encounter as much as a 100 pF load at XTAL1 when it starts-up. This is due to
interaction between the amplifier and its feedback capacitance. Once the external signal meets the ViL and
Vi1 specifications the capacitance will not exceed 20 pF.

| EXTERNAL CRYSTAL CONNECTIONS EXTERNAL CLOCK CONNECTIONS

} c1 Vee
| } _T_ XTAL1 e
EXTERNAL
ves 1] = 80C196KB CLOCK INPUT XLt
clock driver
XTAL2 o 80C196KB
c2
no connect ———4 XTAL2
Quartz Crystal or

Ceramic Resonator

270918-38 * 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 crystals, C1 = C2 = 20 pF. When using ceramic
resonators, consult manufacturer for recommended ca-
pacitor values.

270918-37
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24 — — VLOAD*0-15Y Vou~0.15V
> . v, TIMING REFERENCE
XO.8:> TEST POINTS <: O.BX LOAD — POINTS <7
0.45 Vioap=0-15V VoL*0.15V
270918-30
AC Testing inputs are driven at 2.4V for a Logic “1" and 0.45V for _ o 270918-31
a Logic "0” Timing measuremants are made at 2.0V for a Logic For Timing Purposes a Port Pin is no Longer Floating when a
1 and 0.8V for a Logic “0". 150 mV change from Load Voltage Occurs and Begins to Float
whan a 150 mV changs from the Loaded Vgu/Vg_ Level occurs
lo/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

|

|
AC TESTING INPUT, OUTPUT WAVEFORMS FLOAT WAVEFORMS
condition, respectively. Symbols represent the time between the two signal/condition points.

Conditions: Slgnals:

H - High A - Address HA - HLDA

L - Low B - BHE L - ALE/ADV

V - Vald BR - BREQ Q - DATAOUT

X - No Longer Valid C - CLKOUT R -AD

Z - Floating D - DATAIN W - WR/WRH/WRL
G - Buswidth X - XTAL1
H - HOLD Y - READY

AC CHARACTERISTICS—SERIAL PORT—SHIFT REGISTER MODE

SERIAL PORT TIMING——SHIFT REGISTER MODE

Symbol Parameter Min Max Units
Txixi Serial Port Clock Period (BRR = 8002H) 6 Tosc ns
TxLXH Serial Port Clock Falling Edge 4 Tosg —50 4Togc +50 ns
to Rising Edge (BRR = 8002H)
TxxL Serial Port Clock Period (BRR = 8001H) 4Tosc J ns
TxLxH Serial Port Clock Falling Edge 2Tosc — 50 2Tosc +50 ns
to Rising Edge (BRR = 8001H)
Tavxs Output Data Setup to Clock Rising Edge 2Tosc —50 ns
TxHox Output Data Hold after Clock Rising Edge 2Tosgc —50 ns
Txnav Next Qutput Data Valid after Clock Rising Edge 2Tosc +50 ns
TovxH Input Data Setup to Clock Rising Edge Tosc +50 ns
TxHDX Input Data Hold after Clock Rising Edge 0 ns
TxnQz Last Clock Rising to Qutput Float 1 Tosc ns

I PRELIMINARY 817
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WAVEFORM—SERIAL PORT—SHIFT REGISTER MODE

SERIAL PORT WAVEFORM—SHIFT REGISTER MODE

= Txon |
oL L L U LT LT L L
Tavxu=] I“ I Teow! I" Txuqvl‘"l - f* Txnax Tynaz ] I"

R e G S e G e e
Tovxu™]| |" "I b= Txnox

I, O @ D @, O @ I @i I @, 20, 4 O @, D

270918-35
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A TO D CHARACTERISTICS

There are two modes of A/D operation: with or with-
out clock prescaler. The speed of the A/D converter
can be adjusted by setting a clock prescaler on or
off. At high frequencies more time is needed for the
comparator to settle. The maximum frequency with
the clock prescaler disabled is 8 MHz. The conver-
sion times with the prescaler turned on or off is
shown in_the table below.

80C196KB10/83C196KB10/80C196KB12/83C196KB12

The converter is ratiometric, so the absolute accura-
cy is directly dependent on the accuracy and stability
of VRer. VRer must be close to Vg since it supplies
both the resistor ladder and the digital section of the
converter.

See the MCS-96 A/D Quick Reference for definition
of A/D terms.

Conversion Time

Clock Prescaler On Clock Prescaler Off
10C24 =0 10C24 = 1

158 States 91 States

26.33 us @ 12 MHz 22.75 us @ 8 MHz

A/D CONVERTER SPECIFICATIONS

Parameter Typical(1) Minimum Maximum Units* Notes
Resolution 512 1024 Levels
9 10 Bits
Absolute Error 0 +4 LSBs
Full Scale Error 0.25 +0.50 ) LSBs
Zaro Oftset Error -0.25 +0.50 LSBs
Non-Linearity Error 1.5 £25 0 +4 LSBs
Differential Non-Linearity Error >—1 +2 LSBs
Channel-to-Channel Matching +0.1 0 +1 LSBs
Repeatability £0.25 LSBs
Temperature Coefficients:
Offset 0.009 LSB/°C
Full Scale 0.009 LSB/°C
Differential Non-Linearity 0.009 LSB/°C |,
Oft Isclation -60 dB 2,3
Feedthrough —-60 dB 2
Vce Power Supply Rejection —60 dB
Input Series Resistance 1K 5K Q
DC Input Leakage 0 3.0 nA
Sample Time: Prescaler On 15 States
Prescaler Off 8 States
Sampling Capacitor 3 pF
NOTES:
*An “LSB", as used here, has a value of approximately 5 mV.
1. Typical values are expected for most devices at 25°C but are not tested or guaranteed.
2. DC to 100 KHz.
3. Multiptexer Break-Before-Make Guaranteed.
4. Resistance from device pin, through internal MUX, to sample capacitor.
8-19
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80C196KB10/83C196KB10/80C196KB12/83C196KB12 i nt9I o
EXTENDED TEMPERATURE/EXTENDED BURN-IN ONLY SPECIFICATIONS
Symbols Description Min . Max Units
RESET Hysteresis on RESET Pin TBD ‘mV
Hysteresis
Ipp Powerdown Mode Current 8D mA
TLLyy ALE Low to READY Setup Tosc — 65 ns
Ty ALE Low to BUSWIDTH Setup Tosc — 60 ns '
Tavby Address Valid to Input Data Valid 3 Tosc — 60 ns
TRLDV RD Low to Input Data Valid Tosc — 25 ns
ToHLL ALE High Period Tosc — 12 Tosc + 12 ns
TRuAX ADg~AD15 Hold after BD Rising Tosc — 50 ns
THALAZ HLDA Low to Address Float -25 ns
THALBZ m&ow to BHE, INST, —30 ns
RD, WR Float
THAHBY mﬁ_'ﬂigh to BHE, INST, . —25 ns
RD, WR Valid
A/D Absolute Absolute Error +6 LSBs
Error

FUNCTIONAL DEVIATIONS
1. The DJNZW instruction is not guaranteed to be

functional. The instruction, if encountered, will
not cause an unimplemented opcode interrupt.
(The opcode for DUNZW is OE1 Hex.) The DJNZ
(byte) instruction works correctly and should be
used instead.

2. The CDE function is not guaranteed to work. The

CDE pin must be directly connected to Vgg.

3. The HSl unit has two errata: one dealing with res-

olution and the other with first entries into the
FIFQ.

The HSI resolution is 9 states instead of 8 states.
Events on the same line may be lost if they occur
taster than once every 9 state times.

There is a mismatch between the 9 state time
HSI resolution and the 8 state time timer. This
causes one time value to be unused every 9 timer
counts. Events may receive a time-tag one count
later than expected because of this “skipped"
time value.

8-20

If the first two events into an empty FIFO (not
including the 'Holding Register) occur in the same
internal phase, both are recorded with one time-
tag. Otherwise, if the second event occurs within
9 states after the first, its time-tag is one count
later than the first’s. If this is the “skipped” time
value, the second event's time-tag is 2 counts
later than the first's.

If the FIFO and Holding Register are empty, the
first event will transfer into the Holding Register
after 8 state times, leaving the FIFO empty again.
If the second event occurs after this time, it will
act as a new first event into an emPty FIFO.

. The serial port Framing Error flag fails to indicate

an error if the bit preceding the stop bit is a 1.
This is the case in both the 8-bit and 9-bit modes.
False framing errors are never generated.

. The serial port RI flag is not generated after the

first byte is received. The problem does not occur
if the baud rate is reloaded after each reception.

. If the unsigned divide instruction (byte or word) is

the last instruction in the queue as HOLD or
READY is asserted, the result may be incorrect.
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DATA SHEET REVISION HISTORY , )

This data sheet (270918-002) is valid for devices marked with a “B” at the end of the top side tracking number.
Data shests are changed as new device information becomes available. Verify with your local Intel sales office
that you have the latest version before finalizing a design or ordering devices.

The following differences exist between this data sheet and the previous version (-001).

1. The commercial and Express (extended temperature and extended burn-in) devices were combined in this
data sheet. The Express only data sheat (270780-002) is now obsolete,

2. The EPROM devices were removed from this data sheet. They are now in a separate data sheet (270509).

3. The BOC196KB devices were removed from this data sheet. Only the 80C196KB10, 83C196KB10,
80C196KB12 and 83C196KB12 devices are now covered.

4. Changes were made to the format of the data sheet and the SFR descriptions were removed.
5. Two errata were added: the serial port Rl flag and the DIVIDE during HOLD/READY.

6. Three specifications for the extended temperature and extended burn-in devices were changed: Vjy2 Min
was changed from 2.4V to 2.6V, TxwcH Min was changed from 35 ns to 40 ns, and Thyvch Min was changed
from 90 ns to 85 ns.

The -001 data sheet integrated the 87C196KB (order number 270590-003) and the 83C196KB/80C196KB
(order number 270634-003) data sheets. The following differences exist between the -001 data sheet and
each of the above mentioned data sheets.

1. The status of the data sheet was upgraded from ADVANCE INFORMATION to PRELIMINARY.

2. The warning about the ABSOLUTE MAXIMUM RATINGS was reworded and a notice of disclaimer was
added to the electrical specifications section.

3. Vin2 was increased from 2.2V to 2.6V.

4. .1 was increased from —950 pA to —1.2 mA. This change was documented in the previous revision of the
data sheets but the DC Characteristics table did not reflect the change.

5. Maximum lpp specification was added to the DC table and Ipp note was deleted.
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