8-Bit SERDE
Pipeline Register

SN54/74S818

/

Features/Benefits

o High drive capability. oL = 32 mA (Com)

» Alternate source to Am29818

o Serial-parallel/Paraliel-serial pipeline register
« Independent pathing and clocking controls
o Expandable in multiples of B bits

o Three-state outputs

« PNP inputs for low-inputcurrent

o 24-pin SKINNYDIP® saves space
Applications

¢ Universal interface element for systems using both serial
and parallel data formats

 Serial communication and peripheral interface

* Microprogram control store output register

o Serial-parallel/Parallel-serial pipeline conversion
 State machine feedback path Isolation/diagnostics
o Serial readback register

Ordering Information

PART NUMBER PACKAGE TEMPERATURE
SN745818 NS, JS, NL (28) Com
SN54S818 JS, W, L (28) Mil

Block Diagram D7-D0
sDI . 8BIT
DCLK SHADOW —» SDO
REGISTER

8
srso

s e MODE — muLmipLEXER |
Description - ’
The SN54/745818 is an 8-bit serializing/deserializing pipeline
register. It can also be used as a serial readback register as well 8BIT
as a diagnostic register. All of these configurations are expan- cLK b OUTPUT
dable in multiples of eight bits. REGISTER
The 54/745818 internally consists of a universal shift register _ 8
and an 8-bit register. Its wide application results from acombina- OF
tion of powerful interconnection modes and independent clock-
ing and pathing controls. 1t is ideally suited as a universal
interface element involving both serial and paraliel data formats.
Function Table B7-80
INPUTS QUTPUTS SEE
OPERATION FIG
MODE | SDI CLK | DCLK B7-B0 $7-S0 SDO :
L X t * Bn+— Dn HOLD S7 | Load output register from input bus 1
* Sn— Sn-1 . N
L X t HOLD 50— SDI S7 | Shift shadow register data 2
— Sn+— Sn-1 Load output register from input bus
L X ! ! Bn—Dn | g5 sp1 | 57 | while shifting shadow register data 142
H X t * Bn= Sn HOLD SD! | Load output register from shadow register 234
H L * 1 HOLD Sn— Bn | SDI | Load shadow register from output bus 3
H L t t Bn+ Sn Sn— Bn | SD! | Swap shadow register and output register
IEHE * ! HOLD HOLD | SDI | Enable D7-DO as outputs for RAM write-back | 4 B

* Clock must be steady or falling.

SKINNYDIP# is a registered trademark of Monolithic Memories.
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SN54/74S818

Logic Diagram
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SN54/74S818

Pin Configuration
SN74S818

8-BIT BUS

SERDE
PIPELINE REGISTER

Plastic Chip Carrier

Typical Configurations

8

1
tﬂ 8
A \

1

Serializing Pipeline Register Deserlalizing Pipeline Register

 /

Diagnostic Register

Serial Readback Register
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SN54/748818
2

Absolute Maximum Ratings

Supply VOBEE VG ..o -05Vto7V
INPUEVOItBg ... oo -1.5Vto7V
Off-state output voltage -05Vto55V
Storage temperature ... -65°C to +150°C
Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER UNIT
MIN TYP MAX [MIN TYP MAX
Voo Supply voltage 4.5 5 55 | 4.75 5 5.25 v
Ta Operating free air temperature -55 125 | 0 75 °C
High 15 12 ns
tw Width of CLK
Low 15 13 ns
High 25 20 ns
twa Width of DCLK
Low 25 20 ns
tsue Setup time from MODE to CLK 20t 171 ns
the Hold time from CLK to MODE ot ot ns
tsud Setup time from data to CLK 211 141 ns
thd Hold time from CLK to data ot ot ns
tsude Setup time from SDI, MODE to DCLK 31t 20t ns
thdc Hold time from DCLK to SDI, MODE ot ot ns
tsudg Setup time from output to DCLK 251 181 ns
thdg Hold time from DLCK to output ot ot ns

I | The arrow indicates the transition of the clock/gate input used for reference: { for the low-to-high transitions. | for the high-to-low transitions.

Monolithic ﬁﬁﬂ Memories 13-79




SN54/74S818

S

Electrical Characteristics Over Operating Conditions

MILITARY COMMERCIAL
(SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNIT
ViL Low-level input voltage 0.8 08
VIH High-level input voltage 2 2 \
Vic Input clamp voltage Voo =MIN i) =-18 mA -1.2 -1.2
ITR Low-tevel input current Vee = MAX V= 05 v -0.25 -0.25 mA
hH High-level input current Voo = MAX Vy= 27V 50 50 uA
Maximum input DorB V= 565V
L aximum inpu Al Voo = MAX 1 1| mA
current others V= 7V
loL =32 mA 0.5
L B7-B0 | yoo=MIN [1g, =24mA 05
v ow-level Vi~ = MAX oL : v
oL output voltage SDO IL loL = 8 A 05
orpo | VIH=2Y
oL = 4mA 0.5
. B7-B0 [Vcc=MIN i5,=6.5mA
VoH High-level S00 Vi = MAX OH" P ) 24 2.4 v
output voltage D7-D0 VIR=2 Vv IgH= -2 mA
lozL Off-state V\rlscL:f ::2;‘( V=05V -250 -250 | wA
L=
lozH output current Vig=2V Vo=24V 50 50 | upA
los Output short-circuit current® | Vo = MAX -40 -100 | -40 -100 | mA
Ice Supply current Veo = MAX. Outputs open 115 155 115 145 mA

* Not more than one autput should be shorted at a time and duration of the short-ci

reuit should not exceed one second.

/
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SN54/74S818

h—%

Switching Characteristics vcc -5v, 7, - 25°c

SYMBOL PARAMETER T CONDITIONS MIN  MAX |UNIT
fmAX Maximum output clock frequency C_ =50 pF R|_= 2800 OE=L| 40 MHz
f M d lock fi Cascaded C_=50pF R =2KQ 20 MH

aximum diagnostic clock frequenc = = z
MAXD 9 9 Y Uncascaded L PR 25
tcLk | CLK ta output delay CL=50pF R =2800 OE=L 14 | ns
1s3s SDI to SDO delay (MODE = HIGH) 12 ns
tms MODE to SDO delay CL=50pF R_=2Kn 17 ns
tbs DCLK to SDO delay (MODE = LOW) 28 ns
tDEZL 25 | ns
DCLK to D7-D0 enable delay CL=50pF R_=2Kn
tDEZH 20 ns
tDDLZ 36 ns
DCLK to D7-D0 disable delay CL=5pF RL=2KnN
tDDHZ 60 ns
toc DCLK to CLK separation _— 22 ns
- C_=50pF R_=28000 OE=1L
tco CLK to DCLK separation 35 ns
tpzL 19 ns
Output enable delay C| =50 pF R|_=280N
tpzH 13 ns
tpLz 12 ns
Output disable delay C_ =5pF R = 2800
tPHZ 22 ns

Switching Characteristics over Operating Range

TEST CONDITIONS MILITARY COMMERCIAL
SYMBOL PARAMETER (See Interface Test Load/Waveforms) MIN MAX MIN MAX |UNIT
MAX Maximum output clock frequency C_=50pF R =280 OE=L | 33 40 MHz
Maximum diagnostic| Cascaded 16 20
f C_ =50pF R =2KN MH
MAXD | clock frequency Uncascaded L7SEPE L 20 25 z
tcLk CLK to output delay C_=50pF R =280 OE=L 18 14 | ns
tgg 8DI to SDO delay (MODE = HIGH) 18 15 ns
tms MODE to SDO detay C=50pF R =2Kn 27 18 ns
tps DCLK to SDO detay (MODE = LOW) 38 30 ns
tbEZL 35 25 | ns
DCLK to D7-D0 enable delay CL=50pF R =2KN
tbezH 30 25 ns
t 45 45 ns
DDLZ DCLK to D7-D0 disable delay CL=5pF R =2Kn
tDDHZ 90 80 ns
tpc DCLK to CLK separation 30 30 ns
- CL=50pF R_=2800 OE=L
tco CLK to DCLK separation 45 40 ns
thL 25 20 ns
Output enable delay CL = 50 pF R_= 28002
tpzH 20 15 ns
tpLZ 20 15 ns
Output disable delay CL =5pF R = 2800
tsz 30 25 ns
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SN54/745818

Timing Waveforms

1y (LOW) —— >}ty (HIGH) ——»

CLK

vr

MODE 5

-ty g — > |t —|

D7-00 )K;T vy

- LK™

B7-80 vr

Vp=15V

Figure 1. Swilching waveforms for typical register applications (OE = L)

fo— Ld(LOW) tyyg(HIGH) |

DCLK —Bl( v 7[71. v
1, (HIGH)
- bc

CLK 7 vy 123

tsudc thac tgyc—>t—the—>
MODE S(VT j vr vr

} tsudc —
SDI vr
Mg tos ] ms

Vy= 15V

Figure 2. Switching waveforms tor shift-in followed by diagnostic load
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Timing Waveforms

1 (HIGH)
e aEEm——
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Figure 3. Switching wavetorms for data bus (D7-D0) disabling
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Enable/Disable Delay

Test Load

13-84

OUTPUT ENABLE

WAVEFORM 1
(See Note C)

WAVEFORM 2
(See Note C)

SN54/745818

av
vr vr
ov
'PLZ—>1 S1AND
$2 CLOSED
S1CLOSED 15V

S2 OPEN

|«—tpzH

5 05V

l<—'PHz—-> t ¢ You

VoH

$10PEN
S2 CLOSED
ov
vce
RL
TEST POINT*
1
(SEE
| NOTE B)
Yy
o Ro y
(SEE NOTE A) 1K -+
y

R 05V

— 15V

S1 AND
$2 CLOSED

* The "TEST POINT” is drived by the output under test,
and observed by instrumentation.

NOTES: A. G includes probe and jig capacitance.

8. All diodes are 1N916 or 1N3064.

C. Wavetorm 1is for anoutput with internal conditions such that the
output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the
output is high except when disabled by the output control.

D. In the examples above the phase relationships between inputs
and outputs have been chosen arbitrarily.

E. All input pulses are supplied by generatars having the following
characteristics: PRR < 1 MHz Zg,¢ = 500t and
for series 54/745tg = 25 nsig £ 2.5 ns.

F. When measuring propagation delay times of 3-state outputs,
switches S1and S2 are closed.

B7-BO D7-DO, SDO

Ro

1 KN

5KQ




SN54/74S818
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Basics of Diagnostics

The basic theory of diagnostics is to insert test data to the inputs
of a typical system and sample the test results from certain
nodes of the circuits. For a combinatorial circuit, testing is very
easy since the circuit has no memory of the previous states. But
for a sequential circuit, the data to be sampled at a node depends
not only on the inputs, but also on the current state it is in. If the
previous state contains some error, it will possibly perform an
illegal jump. In that case, depending on which state the system is
currently in, the next state may be different. After several illegal
jumps, it will be quite impassible to keep track of the jumps
which it performs.

A way to solve the problem is by converting a sequential circuit
to acombinatorial one. A sequential circuit can often be viewed
as a network with a clock and a number of inputs and outputs,
with some outputs being routed back to the inputs (see Figure
5a). Ifthe loop is broken and inputs which are fed back from the
outputs are instead fed in from some external sources (see
Figure 5b), the system can be viewed as combinatorial and
system testing will be easier. The “shadow register” concept
involves shifting in serial data to the hidden register (the shadow
register) and then loading test data to the output register.
Together with other system inputs, the test results will appear on
the output end of the network and can be sampled and analyzed.
and analysed.

INPUTS eonssnip{ ) OUTPUTS
NETWORK

— 1

Figure 5a. A typical digital system

INPUTS enmsmadp} p—— OUTPUTS

NETWORK

Figure 5b. The feedback of figure 5a is broken to convert the
system to a non-sequential one

Diagnostic On-Chip™ (DOC™) Using
Shadow Register

The diagnostic register is an 8-bit register with two levels of
registers—a shadow register and an output register. A shadow
register is basicaity a buried register with shift capability. There
isalso an output register whose outputs appear to the rest of the
system. There is an output flipfiop to each shadow fliptlop. An
output flipflop drives a three-state output buffer befere going to
the output pin. If the output is disabled, the output pin may be
converted to an input pin. This feature is very important if the
output is driving a bus and sampling of data on the bus is
desired.

The input to a bit of the shadow register is a multiplexer which
can select from one of the following nodes:

a) Outputofthe preceding bit of the shadow register (or SDI for
the least significant bit).

b) Output of the same bit of the shadow register.

¢} Data on the output pin of the same bit. This data may be the
output of the corresponding bit of the output register if there is
no output enable pin and the output is enabled, or the input to
that pin if there is an output enable pin and output is disabled.
Refer to Figure 6 for some generai infarmation on a typical
diagnostic functional part with output enable (OE).

INPUTS

'COMBINATORIAL
NETWORK

SOl ———— |
DLCK SHADOW

REGISTER

LINES

S LINES

Y

MULTIPLEXER

MODE —

OUTPUT

CLk REGISTER

OUTPUTS
B LINES, BI-DIRECTIONAL
(IF OUTPUT BUFFERS ARE
THREE-STATE)
Figure 6. A typical functional block diagram
for a diagnostic part

The input to any bit of the output register is also selected from
one of the following nodes:

a) Corresponding input bit.

b) Corresponding output bit of the shadow register.

The reasons why a shadow register is preferred, as com paredto
shifting in diagnostic data directly to the output register, are:
a) The output register contains control signals for the system.
Certain bits of this register may control different ports which are
driving the same bus. As diagnostic data is shifted in, these bits
become random and the ports they are controlling may drive a
bus simultaneously. Invalid data may appear and worst of all,
with a low-impedance path between the power supply, severe
damage may be done to these ports.

b) As a diagnostic word is shifted in, the system is performing
different tasks from what it is supposed to do. For example,
when an ALU is performing an addition, diagnostic data is
shifted in. The ALU then performs some other functions. The
status of the system keeps changing. In some cases, illegat
states may appear which produces unpredictable test results;
for example, a flag may appear unpredictably.

c) The shadow register enables diagnostic data to be shifted in
as background data without holding up the processor operation.

Monolithic ﬁfﬁﬂ Memoriles
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The diagnostic register is one part in a series of diagnostic
products which follows a new standard for diagnostics. The
basic standard is described in Figure 6 and the table on page one.
This standard implies that ali diagnostic parts in this series are
cascadable.

Diagnostic Pins

There are several pins in the diagnostic register in addition tothe
regular 8-bit inputs and outputs:

1) Diagnostic Clock (DCLK)—The diagnostic clock is used to
clock the shadow register.

2) MODE—This pin is used in selecting the data to the regis-
ters. For the output register, MODE = LOW indicates that the
output register is being used as a normal register; MODE =
HIGH means that the next state of the output register will be
obtained from the shadow register. For the shadow register,
MODE = LOW indicates serial data from SDI (see below) is
shifted in every diagnostic clock; MODE = HIGH switches SDI
from a data input to a control input. See below for details.

3) Serial Data In (SDI)—When MODE = LOW, this pin is for
shifting serial data in. When MODE = HIGH, SDIi serves as a
control pin. If MODE = HIGH and SDI = LOW, data from the
output pins will be loaded to the shadow register on the next
DCLK. MODE = HIGH and SDI = HIGH indicate a reserved
operation. The data from the diagnostic clock is held the same.
This reserved operation will be very significant when more
operations than what is described are needed. The diagnostic
register gives an example of how it can be used.

4) Serial Data Out (SDO)—When MODE= LOW, this pin carries
the shift-out bit of the shadow register. When MODE = HIGH,
the SDI becomes a control pin and the control signal should be
passed along if several diagnostic parts are connected to-
gether serially. So SDO should carry SDI along in this case.

Write-Back to RAMs

Due to the applications of a diagnostic register in a writable
microprogram contro! store, this part also includes an addi-
tional feature to initialize the control RAMs; when necessary, the
input data pins to the register can be operated as output
pins. In short, a diagnostic register is an ‘asymmetric register
transceiver’ with shift capability. The term ‘asymmetric register
transceiver’ means that there are two bidirectional registered
ports on a chip, and these ports are enabled with different
methodologies and have different timings. One port is still
primarily for inputs (D7-D0), while the other is primarily for
outputs (B7-B0).

When MODE and SDI are both HIGHS, the D7-DO will be
converted to an autput port on the rising edge of the next
DCLK by enabling the three-state buffers driving the D7-DO0.
The input for the three-state buffers is from the outputs of the
shadow register (S7-S0).

13-86

Applications

This part can be used as a: microprogram control store reg ister,
data register, status register, address register, instruction regis-
ter, interrupt mask register, interrupt vector, program counter,
stack pointer, and for other general purposes.

If the diagnostic registers are used in a system using micro-
program control words, status registers, and instruction regis-
ters, etc., one way to connect them together is shawn in Figure
7. There is only one data input and one data output to the
diagnostic parts. When serial data is shifted in or shifted out,
data has to be passed from one diagnostic chip to another.
Since SDI must be passed from chip-to-chip if it is used for
control, it is necessary for logic designers to make sure the
fall-through time of SDI to the last chip and the setup time from
SDI to DCLK are satisfied.

¥
DIAGNOSTIC—| MICROCODE {»| STATUS b INSTRUCTION
DATA
N Y 1] L]

L { 1 ' ' s
W‘ERRUP‘I’ ADDRESEH7 DATLH;HERSJ-V DATA
out

¥ y y y

Figure 7. One way diagnostic registers can be linked together

The diagnostic registers are basically used for diagnostic pur-
poses, although they may also function as parallel-to-serial
and serial-to-parallel converters.

Two examples of how the diagnostic parts can be built into a
system are shown in Figures 8, 9. The diagnostic registers are
used to substitute the instruction register, memory dataregisters,
status register, memory address registers, andthe registers fora
non-writable (Figure 8) or a writable (Figure 9) microprogram
control store. The only additional biock to a typical system
without diagnostic features is the diagnostics controller. The
diagnostics contraller should be able to supply the system with
signals like MODE, SDI, DCLK, and the register clock (CLK). In
orderwords, the diagnostics controller in itselfisa supercontroller
of the processing unit. it should also be noted that all sequential
paths, except for the register files, should be converted to
combinatorial paths if all the diagnostic parts are to break the
sequential loops.

Monolithic m Memorles
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< DATA BUS >

\

INSTRUCTION MEMORY DATA MEMORY DATA | SDO
DIAGNOSTICS SDI REGISTER REGISTER REGISTER
CONTROLLER *
.
INSTRUCTION

MICROPROGRAM
SEQUENCER

REGISTERS

NON-WRITABLE
CONTROL
STORE

] DIAGNOSTIC SDO
ﬂ REGISTERS ]<sm—r MEMORY ADDRESS STATUS p

<; CONTROL BUS ; >
< ADDRESS BUS >

Figure 8. An application example of using diagnostic registers in a CPU using non-writable control store

< DATA BUS >
INSTRUCTION MEMORY DATA MEMORY DATA | SDO
N sDiL___REGISTER REGISTER REGISTER
INSTRUCTION
MAP

I

MICROPROGRAM
SEQUENCER

WRITABLE
CONTROL
STORE

|

DIAGNOSTIC SDOI'MEMORY ADDRESS STATUS
spol  REGISTERS SDO|s°2 I REGISTER REGISTERISD' !

< CONTROL BUS L >
< ADDRESS BUS >

Figure 9. An application example of using diagnostic registers in a CPU using writable control store

DIAGNOSTICS
CONTROLLER

ADDRESS
REGISTER

REGISTERS
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In normal operation, the diagnostic controller will make the
diagnostic feature inactive by setting MODE = LOW and dis-
abling DCLK and have the CLK free running.

When diagnostics are needed, the following sequence is per-
formed:

1) Shiftin diagnostic testdata bit-by-bit. In order to perform this
operation, CLK is disabled; MODE remains LOW; SDI contains
the bit to be shifted in, and the diagnostic clock is enabled. This
will continue until a full test vector is shifted into the shadow
register.

2) MODE switches to HIGH. Then DCLK is disabled and CLK
is enabled. The contents of the shadow register, which is the
test vector, will be loaded into the output register.

3) The test result is set up at the inputs of the diagnostic
registers. MODE switches to LOWagain. DCLK s still disabled
and CLK is still enabled. The test result will be clocked intothe
output register.

4) With MODE HIGH and DCLK enabled and CLK disabled,
the test result will be clocked to the shadow register.

5) With MODE held LOWand DCLK still enabled and CLK still
disabled, the test result can be shifted out and analyzed while
another test vector is shifted in.

A biock diagram of such a diagnostics controller is shown in
Figure 10. The central control unit of this controlier may be a
disk-based unit or even a diagnostic PROM. Note that, in normal
operation, MODE remains LOW and only CLK is active.

Figure 8 is an example with writable programmable control
store where initialization of the control RAMs is necessary.
This can be done by loading ina sequence of data and address

13-88 Monolithic

through the diagnostics controller. What this controller must
be able to do, in addition to what is described above (see
Figure 10), is to disable the outputs from the microprogram
sequencer and feed in the address through another diagnostic
register. There is a switch, S1, which switches the SDI to the
registers of the writable control store from some other regis-
ter (in Figure 9, it is the memory address register) to the
diagnostic ‘control store address’ register. The initialization
data is shifted into the shadow register by resetting MODE to
LOW and enabling DCLK. After all data is shifted into the
shadow register, MODE and SDl are set HIGH and then followed
by a CLK, a DCLK, and a write to control store. The CLK loads
the present control store address in the output registers of the
‘control store address’ register, and the MODE = HIGH and SDI =
HIGH will enable the inputs to the diagnostic register as outputs,
so that the data in the shadow register can be written back to
the control store.

MODE
RESET ———>1
OTHER CENTRAL SDI
CONTROL——»| ContROL | EXTENDDCLK
SIGNALS UNIT [ >—> DCLK
cLOCK EXTEND CLK
1 i »— cLK

Figure 10. A diagnostic controfler unit
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