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TEST ABSTRACT

I

Twenty-five Hughes HCMP 1852D and 25 RCA CDP1852D 8-bit,
CMOs, I/O-port microcircuits were subjected to electrical characterization
tests. All electrical measurements were performed on a Tektronix 5-3260
Test System at the Hughes Aircraft Company Technology Support Division in
Culver City, California. Before electrical testing, the devices were subjected
to a 168-hour burn-in at 125 0 C with the inputs biased at 10V. The burn-in
was performed at the JPL facilities in Pasadena, California.

.Four of the Hughes parts became inoperable during testing. They
exhibited functional failures and out-of-range parametric measurements
after a few runs of the test program,
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1. 0 INTRODUCTION

This report documents the results of electrical characterization tests
performed to determine the electrical performance characteristics of 25 RCA
CDP1852D and 25 Hughes RCMP 1852D CMOS integrated circuits. she
performance characteristics were measured under various electrical conditions
at five temperatures. The data was analyzed and tabulated to show the effect
of operating conditions on performance and to indicate parameter deviations
among the devices uz each group, This information can be used in evaluating
typical device performance and in determining specification limits. Accuracy
was given precedence over time-efficiency where practical, and tests were
designed to measure worst-case performance.

The tests were divided into three <;ategories: functional, AC parametric,
and DC parametric, The functional tests were performed oil pass/fail basis
to verify that the device under test (DUT) was logically correct. All voltage
and timing conditions (except supply voltage) were set to nominal values to
distinguish between functional failures and statistically unusual devices. The
AC parametric tests consisted of propagation delays, transition times, setup
times, hold times, and pulse widths. These were measured either by a one-
shot technique or by a moving-strobe method, depending on the nature of the
measured parameter. The DC parametric tests were simple static measure-
ments made by forcing specified conditions on the DUT and measuring a
voltage or current.

All of these tests were performed under computer program control on
a Tektronix 5-3260 Automated Test System. All devices were subjected to the
full set of tests at ambient temperatures of -55 0 C, -20 0 C, 250 C, 850 C, and
1250 C. The temperature environment was provided by a Temptronic thermal
airstream unit (TP450A) under prol;ram control,
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Twenty-five devices from each manufacturer (RCA and Hughes) were
tested. The data was tabulated and analyzed separately for each lot. There

were no functional failures or significarUy deviant devices in the RCA lot, In
the Hughes lot, four devices failed the functional tests and yielded out-of-
range or abnormal parametric values. These failures are discussed in
detail in Section 4, 0,
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2.0 DEVICE DESCRIPTION

The RCA C".I'1852I) and Hughes HCMY 1852D are 8-bit,

mode-prugramniable, parallel input/output ports for use in 1800-series

microprocessor systems. They are capable of interfacing directly with the

1802 microprocessor without additional components. They use static silicon-

gate CMOS circuitry and are compatible with 4000-.3eries microcircuits.

They are supplied in 24-lead, hermetic., dual-in-line, ceramic packages.

A brief functional description of the 1852 device is given in Para-

graph 2. 2, Yin connections are shown in Figure 1, and a functional diagram

appears in Figure 2.

CS1 1	 24 -VDD

MODE 2	 23 SR

010 3	 22 017

000 4	 21 U07

D1/ 5	 20 D16

DO1 6	 19 006

D12 18 D15

DOZ 8	 17 005

D13 9	 16 014

D03 10	 15 D04

CLOCK 1114 CLEAR

VSs 12	 13 CS2

Figure 1. 1852 Pin Co.,nectmns.
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Figure 2. 1852 Functional Diagram

2. 1 PIN DESCRIPTIONS

2, 1. 1 Mode Control Input (Mode)

'111c rlrode Control input prograins the device as an input port (MCDI.
0) or an output port (MODE 1).

1, 2 Clock Input

The clock input enters data into the data register (see Figure 2) and
affects the Sit output,

1, 3 Chip Select Inputs (CS1, CS2)

The chip select inputs enable or disable the tristate data outputs and
affe`:t the Sit output and entry of data into the register.

2. 1.4 Clear Ynput

The Clear input clears the data register and resets the Sit output,

)
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2. 1.5 Data Inputs (DIO through DI7)

The data Inputs provide the eight bits of data fc,- the register,

2. 1.6 Data Outputs (DOO through DO7)

The data outputs are three-state (logic "I", logic 110", high-
impedance) output drivers.

2, 1.7 Service Request Output (SR)

The service request output pruvides the signal to the processor or

output device. The output providas positive logic in the output mode and

negative logic in the input mode.

2.2 OPERATION

2,2.1 Operation as Input fort

The data at the Inputs is strobed into the data register when the

clock pin is high (logic "1"). The data outputs are enabled when both chip

selects are high (CSI- CS2 = 1). The service request output Is set (SR = O)

by negative (high-to-low) transition of CLOCK. The service request

output is reset (SR = 1) by negative transition of CSI. CS2 or negative

transition of CLEAR. The data register is cleared (set to logic "0") when
CLEAR = CLOCK = 0.

2,2.2 Operation as Output Port

The data is strobed into the register when CS1.CS2 • CLOCK = 1.
Data outputs are enabled at all times. The service request is set (SR = 1)
by the negative transition of CS1.CS2. The service request is reset
(SR = 0) by the negative transition of CLOCK or the negative transition
of CLEAR, The data register is cleared when CLEAR = CLOCK = 0.

2-3



uu

i3

"

r

K

U1

3. 0 DESCRIPTION OF TESTS

Testing any parameter of an 1552 device involves applying stimuli to
the device and observing its response. The details of these two actions define
the specific test cr measurement. Microcircuit tests can be divided into
functional tests, AC parametric tests, and DC parametric tests. The follow-
Gig are brief explanations of the methods used with the Tektronix 5-3260 to
perform these tests.

3.1 FUNCTIONAL TESTS

Functional tests are performed on a pass/fail basis using a pattern
of logical "1"s and 11 0 11 s. The pattern defines a series of stimuli to be
presented at the DUT inputs and a series of results to be expected at the
outputs. The input levels are provided by drives whose voltage levels can
be programmed individually for each input and, whose state (1, 0, or inhibited)
is controlled by the pattern. The expected DUT output levels are checked by
comparators which are also individually programmable and under pattern
control. The comparators are sLrobed so that the output is sampled only
during a specific time interval. An error is detected under the following
conditions:

1. During comparison for a 1, if the DUT output is less than the
logic "1" compare level at any time during the compare window

Z. During conparison for a 0, if the DUT output is greater than the
logic 110" compare lr.vel at any time during the compare window
(see figure 3).

Tile placement and width of the compare window and the frequency at
which the pattern is run are under program control.

3-1
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The functional tests were performed using the pattern shown to

Table 1. The test conditions are shown in Table 2.

3, 2 AC Parametric Tests

AC pal amctric tests performed on the 1852 device include propagation

delays, transition times, and Input timing tests. The propagation delays were

measured using a one-shot (real time) technique which makes a direct taneasure-

ment of the time between two transitions. The trigger levels at which the

measurement clock starts and stops are determined by comparator settings

and ate programmable.

Transition times are measured indirectly. Propagation delays are

measured to the output-under-test at two trigger levels (usually 10 percent

and 90 percent of output swing). The difference between the two delays is the

transition time between the two levels.

Input timing is controlled on the 53260 by a number of programmable

clock phases. A:^ i nput may be programmed to assume one level (determined
by the pattern .n.J _,rivers) for an entire clock cycle or to appear as a pulse
within the cycle. The start time and duration of this pulse are programmable,
and several inputs can be pulsed differently within a clock cycle. This allows
input timing conditions to be varied over a wide range so that their effect on
device performance may be determined. Minimum timing conditions for
proper device operation, such as set up and hold times, are measured by
moving the pulse edges relative to one another while repeatedly running a
functional t• nst pattern (see Paragraph 3, 1), If the parameter of interest is
varied from a failing condition (for example, very short setup time) to a
passing cundition, the value at which the device first functions properly is the
ininimum, To ensure isolation of the parameter under test, the other timing
conditions are greatJy relaxed.

The following AC parameters were measured at VDD voltages of 5V
and 10V (refer to Table 3 for test conditions):

Input Mode Propagation Delays
1, Clear to data outputs (TCLIZ, Figure 3)
2, Chip select to output on, low (TCAO, Figure 4)
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TABLE Z. FUNCTIONAL TEST CONDITIONS

Condition At 3V At 15V

Drivers,	 High (Logic "l") 3V 15V

Drivers,	 Low (Logic "0") 0V 0V

Comparators, High 1.5V 7.5V

Comparators, Low 1.5V 7.5V

Cycle Tinre,	 (Period) 16µa 16 µs

Conrpa re Window:	 Start 15.95118 1 5.95µs

Duration 8 ns tins

TABLE 3. AC-PARAMETRIC TEST CONDITIONS

Pa ranieters :1t VDD	 5V At	 "I)I) = 10\

Drivers,	 High 5V 10V

Drivers, Low 0V 0V

Compa rato ► ; :
Delays to On/Off:

High i. 75V 7. 5V
Low 1, 25V 2. 5V

Other Delays:

High 2.5V 5 V
Low 2.5v 5V

Input "Timing:

High 2.5V 5V
Low 2.5V

I 5V

Transition Time:

High 4.5V 9V
Low 0.5V 1V

Cycle Time 5 µs 51.(s

Output Loads:

On/Off Figure 6 Figure 6
Other Figure 7 Figure: 7
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CLEAR

	

DATA IN	 I

I

TOD1	 ^^	 T C L R

	

DATA OUT	 —^

TSRO	 —^^	 I+ T5042

INPUT PORT: M)DE 0 CSI - 1 CS2 - 1

OUTPUT PORT. MODE - 1 C51 - 0 CS2 - 1

Figure 3. Irput -Port/Output-Port Timing

CLOCK 

TDS-----+r^l^.^l --TDI1 	 TWS I+--

DATA IN
105

CST. CS2
TCA1- 1	 a'	 TC91	 TCAO	 VDD

TC90-;, L
0.75 VDD	 I

)

l f

Dal A OUT
I

U.25 VOD

+^	 TSR1

0.5 VDD (H1-Z)

U

CLEAR - 1. MODE - O

Figure 4. Input-Port Timing
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3. Chip select to output on, high. (TCA1, Fig,ire 4)

4, Chip select to output off, low (TCBO, Figure 4)

5, Chip select to output off, high (TCBI, Figure 4)

} 6, Clock to service request (TSRO, Figure 3)

7, Chip select to service request (TSR 1, Figure 4)

} 8. Clear to service request (TSR2,	 Figure 3)

Output Mode Propagation Delays
1. Clear to data outputs (TCLR, Figure 3)
?.. Clock to data outputs, high (TOD1, Figure 3)

3. Clock to data outputs, low (TODO, Figure 3)

4. Clock to service request (TS1t0, Figure 3)

5. Chip select to service request (TSR1, Figure 4)

input Mode Input Timing

1, Mininium cluck pulse width (TWS, Figure 4)

Minimum data setup time (TDS, Figure 4)

3. Mininium data hold time (TTLH, Figure 4)

4. Minimum time from clock 1 0 to chip select 0
(TCS, Figure 4)

Out.)ut Mode input Timing

1. Minimum clock pulse width (TWS, Figure 4)

2. Minimum data setup time (TDS, Figure 4)

3. Minimum data hold time (TDH, Figure 4)

Transition Times

1, Output, low to high (TTLH, Figure 5)

2. Output, high to low (TTHL, Figure 5)

Sox	 ::^ 90%

10%
	 ,o%

TTLH	 -- I TTHL

Figure 5. Transition Tirrw
	 s

1.,

1

I
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OUTPUT

76 PF

75 pF

OUTPUT

50 PF

l.^ 1

VOO

• Includb SVstotn Caplildgnce

Figure 6. Output Load (On/Ott)

s lnclu,los SVNo m Capocltonce

Figure 7. Output Load

The input tiniing parameters T INS, TDS, and TDII were measured
using time slots 9 through 38 of the functional test pattern (refer to Table 1).
The parameter under test was varied in 1-nanosecond increments as shown
in Table 4. The TCS parameter had no effect un the proper functioning of the
device.

3. 3 DC PARAMETRIC TESTS

Most of the DC paratrictric tests were performed in a straightforward
inanner. Input conditions were applied using the drivers as in the functional
and AC tests, and the pin tinder test was forced with a regulated voltage or
current supply (dependin g on the specific parameter). The desired parairneter
was then I Xiisured and recorded.
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I'ABLE 4, AC: PARAMETERS MEASURED WITH PATTF;RN

Varie d -- -

TD'S

-^

LoadFrom :o
I)arameter (ns) (n s) TDS TDIi (Ii S) (Fig.)

1'N1 S 8 500 21.Ls 3µs -- 4

TDS -200 300 -- 700ns 1 4

TDH -100 500 500n5 - - 1.	 5 4
"I'CS -500 500 Ills 411s 1 5

The exceptions were the VIII (minimum logic "1" input voltage) and
VIL (maximum logic "0 " input voltage) tests. These were similar to thy,
input timing tests, except that the input voltages were varied instead of the
timing.

In the VIII test, all inputs except the one tinder test hart drive levels
of VDD and OV. Timing conditions were nominal. The logic "0" level
of the input under test was set at OV, and the logic "1" level was set to a
voltage low enough to er..,are that the device would fail to function properly.
The functional test was run repeatedly, with the logic "1" level on the
Input under test raised each time, until the device passed. The voltage
at which the device first passed was the minimum logic "1" level for the
input under test. The VIL test was performed in a similar manner.

Table 5 lists the DC parameters measured, with the exception of
VIII and VIL. These two parameters were m.-asurrd using the functional
test pattern of Table 2. The timing conditions wore the same as those for
functional tests (refer to Paragraph 2.2). The input voltages were varied
in 0. 1-volt increments as shown in 'fable 6. Each input was tested
separately at each voltage.

3-9



I
y

Q
C w Q r.+	 0

CJN^

rr•.
riyr ^' i w '

r ^, - « A f^	 rL	 Vfy

.vu v u^^

- r .^
^. a . u	 c

^ UGJ -ror !!^ n 0

i
a n- O O n n In rn O C N In In 0 N In N Ln O rn

.r
U VOL Q

clS.	 vy	 S.	 L
^ ^

3 I J	 J > > 3 3 3 3

U	 ' -
D	 In C) -t' Ln rnOrn

• Nrn 00 00

.^

u u
a u u 

°^
u a ro U M a

N^
n

mW " r W e b
W

roW ro
W[

(d
W

^414^

W vro o
ra
W -o o

5
c c

^ C 2
st

W ^ y ^1	 ,; W ^
N V	 ^V V	 ^1 VI

G 0 I	 O I :J r1 R bj
b..1 

r

i+ 2
U U u ++

.+

U	 l:
For)L r+

.^.
ro r

.r"
41 u

i .0	 . •a ,L Q U	 t.

U 0% F-+ -^ -,	 O ... .. u

J
^^ O U O O n

RF-PROI)UCIRI[.ITy OF THY,	 3-10
ORIGINAL, PAGE IS POOR

V;

(n
W
:-r

U

'r
W

x

a
U
Q

ui

W
.a

H



O
H

Q

O
U

:n

W
H

H

Q

Q

^D

W
.-a
q

m

^1 rj Ln Ln

ro
Q

_

Ln

U
Ln Ln a

a ^- c o 0 0 o	 a

a _

v
" P Ln O O N	 ^]

a

z.
CJ

ro

C, i= ;^ to ^ p ^	 rJ

a ^^

Ln O O O ^J	 O.-

v

ro

o Ln o 0 o	 N

4 3 O O rJ	 N

r

Q.

J J >	 r

3-11



3	 ^i

'	 44

3t

I^t

It

t;	 F

4. 0 TEST RESULTS

4.1 SUMMARY

Three of the Hughes parts (serial numbers 31, 38, and 46) became

inoperable during testing. They each performed normally through one or two

runs of the test programs, then began to yield out-of-range values. Serial

number 31 was the only device to fail both functional tests repeatedly. The

other devices passed the functional test but yielded no reading on numerous

parametric tests, particularly those performed at high voltages. Serial

number 42 exhibited similar characteristics, beginning with the first iteration

of the test program, and remained stable through subsequent runs.

None of the RCA parts failed the functional tests or yielded abnormal

data.

4,2 DATA TABULATION

For each parameter, the data was tabulated by device serial number

and temperature. The sign. "<01 to the right of a value was used to indicate

an out-of-range measurement. The minimum, maximum, mean, standard

deviation, and median values were listed at tae bottom of each temperature

column. Out-of-range measurements were excluded from the statistics,

The RCA parts were numbered 3 through 27; the Hughes parts were

numbered 28 through 52. The statistics for each group were calculated

separately. Serial numbers 31, 38, 42, and 46 were excluded from the

tabulations.
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In addition to the printed data, histograins of some parameters wet

)rovided. Each histogram displays data for one or more parameters at all

five temperatures, in ascending order (-550 C, -200 C, 250 C, 850 C, 1250C).

The histograms illustrate clearly both the effect of temperature and the

distribution of devices for each parameter. RCA and Hughes parts were

plotted separately. Table 7 is a lust of the parameters plotted. The

histograms are Provided in Appendix A.

, rA B LE 7. LIST OF HISTOGRAMS

I )a raniete r Cond it ion s

ISS VDD - 15V

I011 VDD = 5 V, VO = 4.6V

VDD - IOV, VO ==	 9. 5 V

IOL VDD = 5V, VO 0. 4V

VDD ION', VC = 0.5V

T'CAO and TCA I VDI) 5V
togethe r

TC130 and TCBI VDD = 5V

VDD = IOV

TODO and TOD1 VDD 5V

VDD IOV
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