
STANDARD MICROSYSTEMS MPU3870 
CORPORATION f-LPC FAMILY 

Single Chip a-Bit Microcomputer 

FEATURES 

o 2K bytes of mask programmable ROM memory 

o 64 bytes of scratch pad RAM 

032 bits (4 ports) TTL compatible I/O 

o Programmable binary timer 
interval timer mode 
pulse width measurement mode 
event counter mode 

o External Interrupt Input 

o Crystal, LC, RG, or external time base options 

o Low Power (275 mW typical) 

GENERAL DESCRIPTION 

The MPU3870 is a complete 8-bit microcomputer 
on a single MOS integrated circuit. The MPU3870 can 
execute a set of more than 70 instructions. The 
MPU3870 features 2K bytes of ROM, 64 bytes of 
scratch pad RAM, a programmable binary timer, and 
32 bits of I/O. 

The programmable binary timer operates by itself 

MPU3870 BLOCK DIAGRAM 
Figure 1 
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in the interval timer mode or in conjunction with the 
external interrupt input in the pulse width measure
ment and the event counter modes of operation. Two 
sources of vectored, prioritized interrupt are provided 
with the binary timer and the external interrupt input. 
The user has the option of specifying one of four clock 
sources: crystal, LC, RC or external clock. 
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There are four address registers used to access main 
memory. These are the Program Counter (PO), the Stack 
Register (P), the Data Counter (DC), and the Auxiliary Data 
Counter (DC1). The Program Counter is used to address 
instructions or immediate operands. The Stack Register is 
used to save the contents of the Program Counter during 
an interrupt or subroutine call. Thus, the Stack Register 
contains the return address at which processing is to resume 
upon completion of the subroutine or interrupt routine. The 
Data Counter is used to address data tables. The register 
is auto-incrementing. Of the two data counters, only Data 
Counter (DC), can access the ROM. However, the XDC 
instruction allows the Data Counter and Auxiliary Data 
Counter to be exchanged. 
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I/O PORTS 
The MPU3870 provides four, 8 bit bidirectional Input/Out
put ports. These are ports 0, 1,4,5. In addition, the Interrupt 
Control Port is addressed as Port 6 and the binary timer is 
addressed as Port 7. The programming of Ports 6 and 7 
and the bidirectional 110 pin are covered in the 3870 Technical 
Manual. The schematic of an I/O pin and available output 
drive options are shown in Figure 4. 

An output ready strobe is associated with Port 4. This flag 
may be used to signal a peripheral device that the MPU3870 
has just completed an output of new data to Port 4. The 
strobe provides a single low pulse shortly after the output 
operation is completely finished. so either edge may be used 
to signal the peripheral. STROBE may also be used as an 
input strobe to Port 4 after completing the input operation. 
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MPU3870 CLOCKS 
The time base network used with the MPU3870 may be one 
of the four different types listed below. 

The type of network which is to be used with the MPU3870 
is to be specified at the time when mask ROM MPU3870 
devices are ordered. The time base specifications for 
each of the four modes are covered in the 3870 Technical 
Manual. 

Crystal 
LC 
RC 
External Clock 

MPU3870 ARCHITECTURE 
The basic functional elements of the MPU3870 are shown 
in Figure 1. A programming model is shown in Figure 2. The 
user is referred to the 3870 Technical Manual for a thor-

ough discussion of the architecture, instruction set, and other 
features. 

DESCRIPTION OF PIN FUNCTIONS 
PIN NO. NAME DESCRIPTION FUNCTION 

3-6,19-16 PO-Q-PO-7 110 PortO PO-O through PO-7, P1-0 through P1-7, P4-0 through P4-7, and PS-O through 
37-34, 22-2S P1-Q-P1-7 1/0 Port 1 PS-7 are 32 lines which can be individually used as either TTL compatible 

8-1S P4-Q-P4-7 1/0 Port 4 inputs or as latched outputs. 
33-26 PS-0-PS-7 1/0 PortS 

7 STROBE Ready Strobe STROBE is a ready strobe associated with 1/0 Port 4. This output pin, which 
is normally high, p-rovides a single low pulse after valid data is present on 
the P4-0 through P4-7 pins during an output instruction. 

38 EXTINT External Interrupt EXT INT is the external interrupt input. Its active state is software 
programmable. This input is also used in conjunction with the timer for pulse 
width measurement and event counting. 

39 RESET External Reset RESET may be used to externally reset the MK3870. When pulled low the 
MK3870 will reset. When then allowed to go high the MK3870 will begin 
program execution at program location H '000'. 

1,2 XTL 1, XTL2 Time Base XTL 1 and XTL 2 are the time base inputs to whiCh a crystal, LC network, RC 
network, or an external single-phase clock may be connected. The time 
base network must be specified when ordering a mask ROM MK3870. The 
MK38P70 will operate with any of the four configurations. 

21 TEST Test Line TEST is an input, used only in testing the MK3870. For normal circuit 
functionality this pin may be left unconnected, but it is recommended that 
TEST be grounded. 

40 Vcc Power Supply + S volt supply pin 
20 GND Ground Ground 

I/O PIN CONCEPTUAL DIAGRAM WITH OUTPUT 
BUFFER OPTIONS 
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Ports 0 and 1 8r8 Standard Output type only 

Ports 4 and 5 may both be any of the three output options (mask programmable bit by bit) 

The STii'OiiE output is always configured similar to a Direct Drive Output akcapt that it is capable of driving 3 TTL loads 

RES'E'T'" and EXT INT may have standard 6KlI (typical) pull-up or may have no pull-up (mask programmable) 
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ELECTRICAL SPECIFICATIONS 
MPU3870 

ABSOLUTE MAXIMUM RATINGS* 

OPERATING VOLTAGES AND TEMPERATURES 
Dash 
Number 
Suffix 
-00 
-05 
-10 
-15 

Operating 
Voltage 
Vee 
+5V±10%* 
+5V±5% 
+5V±10%* 
+5V±5%* 

Operating 
Temperature 
TA 
0°C-70°C 
0°C-70°C 
- 40°C- + 85°C 
- 40°C- + 85°C 

See Ordering Information for explanation of 
part numbers. 

-00, -OS 
Temperature Under Bias ....................................................... - 20°C to + 85°C 

-10, -15 
- 50°C to + 100°C 

Storage Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to + 150°C 
Voltage on any Pin With Respect to Ground 

- 65°C to + 150°C 

(Except open drain pins and TEST) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 1.0V to + 7V 
Voltage on TEST with Respect t.o Ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 1.0V to + 9V 
Voltage on Open Drain Pins With Respect to Ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 1.0V to + 13.5V 

-1.0Vto +7V 
-1.0Vto +9V 
- 1.0V to + 13.5V 

Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.5W 
Power Dissipation by anyone I/O pin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 60mW 
Power Dissipation by all I/O pins. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 600mW 

1.5W 
60mW 
600mW 

·Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

AC CHARCTERISTICS TA , Veewithin specified operating range. I/O power dissipation ",;1 OOmW (Note 2) 

-00, -OS -10, -15 
SIGNAL SYM PARAMETER MIN MAX MIN MAX UNIT NOTES 

XTl1 to Timer Base Period, all clock modes 250 500 250 500 ns 4MHz-2MHz 
XTl2 

teX(H) External clock pulse width high 90 400 100 390 ns 
tex(L) External clock pulse width low 100 400 110 390 ns 

<l> t<l> Internal <l> clock 2to 2to 
WRITE tw Internal WRITE Clock period 4t<l> 4t<l> Short Cycle 

6t<l> 6t<l> long Cycle 
I/O ~I/O Output delay from internal 0 100 0 1200 ns 50pFplus 

WRITE clock one TTL load 
tsl/O Input setup time to intrenal 1000 1200 ns 

WRITE clock 

STROBE tI/O_. Output valid to STROBE delay 3t<l> 3t<l> 3t<l> 3t<l> ns I/O load= 
-1000 +250 -1200 +300 50pF + 1 TTL load 

tSL STROBE low time 8t<l> 12t<l> 8t<l> 12t<l> ns STROBE load = 
-250 +250 -300 +300 50pF + 3TTl loads 

RESET tRH RESET hold time, low 6t<l> 6t<l> ns 
+750 +1000 

tRPOC RESET hold time, low for power power ms 
power clear supply supply 

rise rise 
time time 
-0.1 +15 

EXTINT tEH EXT INT hold time in active and 6t<l> 6t<l> ns To trigger 
inactive state +750 +1000 interrupt 

2t<l> 2t<l> ns To trigger timer 
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DC CHARACTERISTICS TA, Vee within specified operating range 1/0 power dissipation:%;100mW (Note 2) 

SYM PARAMETER 
VIHEX External Clock input high level 
VILEX External Clock input low level 
I,HEx External Clock input high current 
I,LEx External Clock input low current 

VIHI/O Input high level, I/O pins 

VIHR Input high level, RESET 

VIHEI Input high level, EXT INT 

VIL Input low level 

IlL Input low current, all pins with 
standard pull-up resistor 

IL Input leakage current, open drain 
pins, and inputs with no pull-up resistor 

IOH Output high current pins 
with standard pull-up resistor 

IOHDD Output high current, direct drive pins 

IOHs STROBE Output High current 
IOL Output low current 

IOLs STROBE Output Low current 

lee Average Power Supply Current 

TIMER AC CHARACTERISTICS 
Definitions: 
Error = Indicated time value - actual time value 
tpsc = teI> x Prescale Value 

Interval Timer Mode: 

-00, -05 -10, -15 
MIN MAX MIN MAX UNIT 
2.4 5.8 2.4 5.8 V 
-.3 .6 -.3 .6 V 

100 130 Jl.A 
-100 -130 Jl.A 

2.0 5.8 2.0 5.8 V 
2.0 13.2 2.0 13.2 V 
2.0 5.8 2.2 5.8 V 
2.0 13.2 2.2 13.2 V 
2.0 5.8 2.2 5.8 V 
2.0 13.2 2.2 13.2 V 
-.3 .8 -.3 .7 V 

-1.6 -1.9 mA 

+10 +18 Jl.A 
-5 -8 Jl.A 

-100 -89 Jl.A 
-30 -25 Jl.A 
-100 -80 Jl.A 
-1.5 -1.3 mA 

-8.5 -11 mA 
-300 -270 Jl.A 
1.8 1.65 mA 
5.0 4.5 mA 

85 110 mA 

CONDITIONS 

VIHEx=VOee 
VILEX = Vss 
Standard pull-up 
Open drain (1) 
Standard pull-up 
No Pull-up 
Standard pull-up 
No Pull-up 
(1 ) 
VIN = O.4V 

VIN = 13.2V 
VIN=O.OV 
VOH=2.4V 
VOH=3.9V 
VoH =2.4V 
VOH = 1.5V 
VOH=0.7V 
VOL =2.4V 
VOL =O.4V 
VOL =o.4V 
MK3870/20 
Outputs Open 

Single interval error, free running (Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. :±: 6teI> 
Cumulative interval error, free running (Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 
Error between two Timer reads (Note 2) ................................................................... :±: (tpsc + teI» 
Start Timer to stop Timer error (Notes 1,4) .......................................................... + teI> to - (tpsc + teI» 
Start Timer to read Timer error (Notes 1, 2) ........................................................ - 5teI> to - (tpsc + 7teI» 
Start Timer to interrupt request error (Notes 1, 3) ........................................................... - 2teI> to - 8teI> 
Load Timer to stop Timer error (Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + teI> to - (tpsc + 2teI» 
Load Timer to read Timer error (Notes 1, 2) ...................................................... - 5teI>:±: to - (tpsc + BteI» 
Load Timer to interrupt request error (Notes 1, 3) ........................................................... - 2teI> to - 9teI> 

Pulse Width Measurement Mode: 
Measurement accuracy (Note 4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + teI> to - (tpsc + 2teI» 
Minimum pulse width of EXT INT pin ............................................................................... 2teI> 

Event Counter Mode: 
Minimum active time of EXT INT pin ............................................................................... 2teI> 
Minimum inactive time of EXT INT pin ............................................................................. 2teI> 

Notes: 
1. All times which entail loading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS I 

instruction. 
2. All times which entail reading the Timer are referenced from the end of the last machine cycle of the IN or INS instruction. _ 
3. All times which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate 

interrupt request latch is set. Additional time may elapse if the interrupt request occurs during a privileged or multicycle instruction. 
4. Error may be cumulative if operation is repetitively performed. 
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AC TIMING DIAGRAM 
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STANDARD 1/0 PORT SOURCE CAPABILITY 
(TYPICAL AT VCC = 5V, TA = 25°C) 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaserof the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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