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1. INTRODUCTION 

The Signetics 2650 Microprocessor has a 15-bit address bus 

and an 8-bit bi-directional data bus. The address bus allows 

a maximum of 32K words of memory. The drive capability 

of the 2650 address and data busses limits the number of 

chips that can be connected to the system. If the system 

load exceeds the 2650 drive capability, buffer circuits must 
be added. 

This applications memo provides several examples of inter-

facing the 2650 address and data busses with ROMs and 

RAMS such as the 2608, 2606, and 2602. Examples are in-

cluded for both small and large systems. 

2. SMALL SYSTEMS WITHOUT BUFFERING 

Address Bus Loading 

All 2650 output signals are TTL-compatible. Each output 

can source 100 µA at 2.4V minimum and sink 1.6 mA at 

0.45V maximum. The 2650 inputs require a load current of 
only 10µA regardless of the logic level on the input. 

The 2608, 2606, 2604, and 2602 MOS ROMs and RAMS 

all require an input current of 10µA. This means that, based 
on d-c loading considerations, amaximum of ten inputs of 

this type can be driven from one 2650 address output with-

out the use of buffering. 

TABLE I 
TYPICAL 2650 MEMORY CONFIGURATIONS 
WITHOUT BUFFERING 

Number of Chips Connected 
to One Address Output Memory Capacity 

Eight 2606 RAMS (256 x 4) 

Two 2608 ROMs (1024 x 8) 

1 K byte RAM; 
2K bytes ROM 

Eight 2602 RAMs (1024 x 1) 
Two 2608 ROMs (1024 x 8) 

1 K byte RAM; 
2K bytes ROM 

If bipolar PROMS such as the 82S114 or 82S1 15 are used, 
fewer chips can be connected because of higher input current 
requirements. 
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Data Bus Loading with the 2606 RAM (256 x 4) 

The bi-directional data bus of the 2606 RAM (256 x 4) 
makes this device ideally suited for use with the 2650 Micro-

processor. The maximum number of input/output connec-
tionscan be calculated from the diagram shown in Figure 1. 
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FIGURE 1 The 2606 RAM with the 2650 
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In Figure 1, n 2606 memory chips are driven by the 2650. 
The 2606 memory chips load the bus with a leakage current 
of 100 µA in the logic ZERO state and with 10µA in the 
logic ONE state. When the data bus is driven to a logic 

„1„ 

the required source current of the 2650 output will be: 

IOH2650 - In) ' IBH2606 

_ (n) (10µA) 

where: 

IBH2606 =output logic ONE leakage current of 
the 2606 RAM; 
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and 

IOH2650 =output logic ONE drive current of the 
2650. 

From this equation we calculate nmax~ 

IQH2650 max _ 100 µA _ 10 nmax = 10µA 10µA 

In the logic ZERO state, the output current required of the 

2650 is: 

IOL2650 = (n) ' IBL2606 

_ (10) • (100 µA) = 1000 µA 

where: 

and 

IBL2606 =output logic ZERO leakage current of 
the 2606 RAM; 

IOL2650 =output logic ZERO drive current of 
the 2650. 

This is less than the maximum drive capability of 1.6 mA 
for the 2650. 

When the 2606 drives the data bus, the logic ONE loading 
is the same as that seen by a 2650 driving a data bus (pre-
viously described as IOH2650)• The logic ZERO load on 
the 2606 chip is: 

IOL2606 = (n-1) IBL2606 +ILOL2650 

_ ((9) (100µA►] +10µA 

= 910µA 
where: 

ILOL2650 =output logic ZERO leakage current 
of the 2650. 

This is below the 1.9 mA sink current capability of the 2606. 
It can thus be concluded that when using MOS RAMS or 
ROMs with the 2650, the number n is normally limited by 
the maximum output logic ONE current of the driving 
device. 

Data Bus Loading with the 2602 RAM 

In contrast to the 2606, the 2602 RAM (1024 x 1) has 
separate input and output data paths. The data output for 
this device is switched to tri-state with the chip enable in-
put. For bi-directional data transfers, however, the data out-
put signal must be disabled during the write mode to avoid 
a drive conflict between the 2650 and the RAM. This is 
done by inserting a tri-state buffer into the data-out line as 
shown in Figure 2. The buffers are only enabled when 
OPREQ is a "HIGH", R/W Ithe READ/WRITE control line 
from the 2650) is a "LOW", and the RAM is selected for 
access. 

ABUS 10 
ABUS 14 

OPREO 

F7/W 

M/10 

DBUSO 
• 

Dsus~ 

2650 

ADDRESS 
DECODE 

L SELECT 

Enabled 
2602 
RAM 
#o 

DIN DOUT 

l 

i 
i 

Enabled 
2602 
RAM 
~~ 

DIN DOUT 

I 

L   J 
6 Tri-State Buffers 11 + 7/3 8T951 

FIGURE 2 The 2602 RAM with the 2650 

A-C Loading Considerations 

The 2650 address bus, data bus, and control lines will drive 
a 100 pF capacitive load and one standard TTL load. The 
capacitive loading calculations must include the 2650 out-
put capacitance and the external wiring capacitance. The 
2606 presents a 10 pF capacitive load to the data bus and a 
7 pF load to all other inputs. The number (n) of 2606 
RAMS that can be driven directly by the 2650 is given by 
the following equations: 

CLOAD = COUT2650 + CWIRING + ((nd) ' ~OUT2606) 
or 

CLOAD = ~OUT2650 + WIRING + ((na) ' ~IN26061 
where: 

~OUT2650= Output capacitance for the 2650 
= 10 pF 
= Wiring capacitance 
=10pF 
= Load capacitance for the 2606 ad-

dress bus 
= 7 pF 

COUT2606 = Load capacitance for the 2606 data 
bus 

=10pF 
=100pF 

WIRING 

~IN2606 

LOAD 

therefore: 

na

nd 

_  80 pF ~, 11 address bus loads 
7 pF 

_  80 pF 
^' 8 data bus loads 

10 pF 

The 2606 is a 256-location by 4-bit RAM and requires two 
chips for each 256 bytes. As seen from the above calcula-
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tions, the 2650 will drive eleven 2606s (na ), or five pairs 
(na/2) of 2606s (1280 bytes) directly. Since this number is 
less than the number of d-c loads that the 2650 is capable of 
driving (10), it can be concluded that the a-c loading is the 
limitation for full-speed operation. 

Increasing Fan-Out by Pull-Up Resistor 

The fan-out of the 2650 bus in the logic ONE state can be 
increased with apull-up resistor. This increases the d-c fan-
out of the outputs in the logic ONE state by supplying sup-
plementary drive current. This can be seen from the ex-
ample shown in Figure 3. 
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FIGURE 3 Pull-up Resistors for Increased Fan-out 

Logic ONE state I R 

Logic ZERO state IR 

where: 

IBL2606 
t (100µA) 

1 IBH2606 
(10µA1 

_ VCCmin — VOHmax2650 _ 
R 

[(n) • IgH2606) — IOH2650 

_ VCCmax — VOLmin2650 _ 
R 

IOL2650 — [(n) ' IBL2606~ 

VCCmin= 4.75 volts 

VCCmax= 5.25 volts 

VOHmax2650= 2650 maximum logic ONE output volt-
age 

= VCC — 0.5 volts 

VOLmin2650= 2650 minimum logic ZERO output 
voltage 

= O VOItS 

IBH2606=output logic ONE leakage current of 
the 2606 RAM 

= 10µA 

IBL2606 =output logic ZERO leakage current of 
the 2606 RAM 

= 100µA 

IOH2650 =output logic ONE current of the 2650 
== 100µA 

IOL2650 =output logic ZERO current of the 2650 
= 1.6 mA 

n =the number of 2606 type loads that can 
be driven by the 2650 

From the above equations, R can be calculated to be 17.5K 
ohms. The number of 2606 loads (n) is calculated to be 12. 
Six pairs of 2606 chips can be driven when the pull-ups are 
added. These calculations are for d-c loading, and the a-c 
(capacitive) load limitations must still be considered. 

With VCCmin = 4.5V and VCCmax = 5.5V: n = TO 
R = 9KS2 

With VCCmin = 4.75V and VCCmax = 5.25V: n = 12 
R=12KSZ 

3. LARGE BUFFERED SYSTEMS 

In larger microcomputers it is necessary to increase the 
drive capability of the CPU by adding drivers to the 
outputs. A generalized 2650 microcomputer system using 
additional bus drivers is illustrated in Figure 4. 
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FIGURE 4 General-Purpose Microcomputer System 
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This system has a buffered address bus and a buffered 
data bus. To ensure minimal loading, buffers are also 
included between the memory and I/O ports. With this 
arrangement, the system can easily be expanded, and each 
additional device adds a single load to the shared bus. 

In some cases, the configuration in Figure 4 can be simpli-
fied as shown in Figure 5. The memory and I/O ports are 
directly driven by the address driver and transceiver 
circuits. 
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DRIVER 

DATA 
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t 
PERIPHERAL 
DEVICES 

FIGURE 5 Microprocessor with Buffered Address and Data Bus 

Address Driver 

The address bus driver may be anon-inverting interface 
element of the 8T family, such as the 8795 or 8797 
shown in Figure 6. 

The tri-state control inputs (DIS4 and DIS2) can be con-
nected to ground if these buffers are always active. For 
DMA operations, the control inputs can be switched to a 
HIGH to disconnect the processor from the bus. These 
Schottky-TTL devices have typical propagation delays 
of 6 ns. (See Table II I.) 

Standard TTL buffers may be used to drive the address 
bus. If buffers with open-collector outputs or tri-state 
capability are used, DMA operations can be performed. 

Data Transceivers 

The 2650 bi-directional data lines can be driven with the 
8726 (inverting) and 8728 (non-inverting) transceivers 
(Figure 71• 
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FIGURE 6 8795 and 8797 Hex Tri-State Buffers 
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FIGURE 7 Tri-State Quad Bus Transceivers 
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The driver can be enabled by the driver enable line {D/E, 
active high►. The receiver can be enabled by the receiver 
enable line (R/E, active low►. To drive the 2650 bi-
directional data bus, the DIN and ROUT signals can be tied 
together to provide a bi-directional data path. 

FIGURE 8 Typical Application of the Transceiver Circuit 

Figure 8 shows a typical application of the transceiver 
circuit for bi-directional data buffering. The ST28 features 
a propagation delay of 20 ns with a 300 pF capacitive load. 

TABLE II 
MOS RAMs -SURVEY OF D-C ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL 
2606 

1256 x 41 
2602 

11024 x 1) 
2604 

(4096 x 1► UNIT TEST CONDITIONS 

Maximum input load current II L 
10 10 µA VIN = 0 to 5.25V 

10 µA VIN = +5V 
Maximum input LOW voltage VIL 0.65 0.65 0.6 V 
Minimum input HIGH voltage VIH 2.2 2.2 2.2 V 

Maximum output LOW voltage VOL 
0.45 0.45 V IOL = 1.9 mA 

0.4 V IOL=3.2mA 

Minimum output HIGH voltage VOH 
2.4 2.4 V IOH = —100 µA 

2.4 V IOH=-2mA 

Maximum output HIGH leakage 
current IBH 10 10 10* µA CE = 2.2V; VOUT=4.OV 

Maximum output LOW leakage 
current IBL —100 —100 µA CE = 2.2V; VOUT=0.45V 

Maximum input capacitance CIN 7 5 7 pF VIN = OV 
Maximum bus input capacitance COUT 10 10 6 pF VOUT = OV 
Common I/O X 
Separate I/O X X 

*Test conditions CS = 2.2V; VOUT = 5V 
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TABLE III 
BUFFERS -SURVEY OF ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL 
8T09 

(quad► 

8T95/97 
(hex) 

8T96/98 
!hex) UNIT TEST CONDITIONS 

Inverting X X 
Non-inverting X 

Maximum input LOW current I lLmax 
-2 mA V1 = 0.4V; DIS = 0.4V 

-0.4 -0.4 mA VI = 0.5V: DIS = 0.5V 

Maximum input HIGH current I lHmax 
40 µA DIS = 4.5V 

40 40 µA VI = 2.4V 
Maximum input LOW voltage VlLmax 0.8 0.8 0.8 V VCC =MIN; TA = 25°C 
Minimum input HIGH voltage VlHmin 2.0 2.0 2.0 V VCC =MIN; TA = 25°C 

Maximum output LOW voltage VOLmax 
0.4 V IOL = 40 mA 

0.5 0.5 V IOL=48mA 
Minimum output HIGH voltage VOHmin 2.4 2.4 2.4 V IOH = -5.2 mA 
Maximum output leakage 

current HIGH IBH 40 40 40 µA Vp = 2.4V 

Maximum output leakage 
current LOW IgL -40 -40* -40* µA VO = 0.4V 

Propagation delay 
(data to output) 

tON 20* * 5*** 5*** ns 

tOFF 20 6 6 ns 
Propagation delay 

(disable to output) 
High Z/0 
High Z/1 

22 12 12 ns 
22 10 10 ns 

*Test condition VO = 0.5V 
**Test condition CL = 300 pF 

***Test condition CL = 50 pF 
TABLE IV 

(P)ROMs -SURVEY OF D-C ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL 
2608 

(1024 x 8) 

82S114 
(256 x 8) 
82S115 

(512 x 8) 

82S130 
(512 x 4) 
82S131 

1512 x 4) 

82S126 
(256 x 41 
82S129 
(256 x 4) 

UNIT TEST CONDITIONS 

Maximum input load current I IL 10 µA 
PJlaximum input LOW current I lLmax 10 -100 -100 -100 µA VIN = 0.45V 
Maximum input HIGH current I lHmax 10 25 40 40 µA VIN = 5.5V 
Maximum input LOW voltage VlLmax 0.65 0.85 .85 0.85 V 
Minimum input HIGH voltage VlHmin 2.2 2.0 2.0 2.0 V 
Maximum output LOW 

voltage 

VO Lmax 

0.45 V IOL = 1.6 mA (2608) 
0 . 5 V IOL = 9.6 mA (82S114, 

82S1 15) 

0.45 0.5 V IOL = 16 mA (82S130, 
82S131, 82S126, 
82S129) 

Minimum output HIGH 
voltage 

VOHmin 

2.4 V IOH = -100 µA 
2.7 V IOH = -2 mA 

2.4 2.4 V IOH = -2.4 mA 

Maximum output leakage 
current 

IgH 10* 40 40 40 µA VO = 5.5V; device 
deselected 

Maximum output leakage 
current L 

IgH -10** -40 -40 -40 uA Vp = 0.5V; device 
deselected 

Maximum input capacitance CIN 7.5 5 5 5 pF 
Maximum output capacitance COUT 15 8 8 8 pF 

*Test conditions Vp = 2.4V **Test conditions VO = 0.4V 
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